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PCSI TI ONI NG SYSTEM RECEI VER FOR ‘ﬁ‘ WFERATI ON Thi s application L
claims tReopshEity filing date gﬂmul “\ l si onal Appl i pat/iaonsoiBer i al No.
601202, 464 filed on May .10, 20Q0, and,QY 263,439 filed on January 23. 2001
Field at the Invention This invention relates to the design of receivers
enpl oyed in satellite-based positioning systens (SPS) such as the US
Navst ar @ obal Positioning System (GPS), the Russian d obal Navigation
Satellite System (GLONASS) and the European Galileo system More
specifically, 1D the invendi@h) e BA&SH pOsTRIMNEISysHiawi ces and systenms for

determ ning a receiver | oggbEfERIEORWEANRAEHGIAYORERARON |ite transm ssions.
Background of the Invention Satellite based positioning systens operate by

utilizing constelid abiicahsn @fims atedriokity @gvhieohU St Brogsional Bprizalidnk Sedaitipnuous
direct seq ad t ' ; V) 4+t Bhdy 15 recei ving
range of t%ﬁ@@fé%%ﬁ%loﬁ%ge@h%@?b%ﬁga ?hié%ﬁgﬁggﬂéﬁiﬁvﬁigb@ar ry data

(navi gat i oFielbsidhegbwintippdul at ed onto a spread spectrumcarrier. This data
provi des the pregdfRnliddmeizls th henpsissirasivat eaabyaimsateaitaatesi dositietg si gnal
along with orbital paraneter 0. .S (¥ 3

preci se al FEHIES @5@&“‘\% B K Lf:sa'g%s%f GEB@%%@@‘“?%Q%@%%???‘tg?“? gnn,%glﬁ%es. By
est i mat i ng Nahigation Petetife JysieghCLONASREansthprRHrerrpRrileecHstem- MR sRegficdY i tes to
the recqi Vel, iNeRtiondelsRERIhbRE, BE/idReShd dyeBmofor Ediemiriced tebties iatlidniueingi nes
of transm ssion corresponding.to the estimated tines of flight it is

possi bl e :M%EE'@?%%@"@H@”W "8e | ocation of the receiver's antenna. In a
convent i on&@ackitbumdcfehe/bwventidie process by which this is done invol ves
estimating pseudQrdgssdYosiBbninEislemd ossrdieby gy aReetdiens sreaplitss ngich r om

t hese the precise |l ocation aa,d ¢l ock er ror, of fhe.recei vgg;‘yer%i%nn

pseudor angdrangmitie #RT @atinious A PFESIE SPFIGIECH oI BRe o5 oh elfite to the
r ecei vers mukddivplgirardhe lofintdeesatgivasdntefcsptiftphe signats WhichcATISCZHA (BSERPat e of t he

di stance Orm?srs%?)grlaocgge\m%é eRPd8Lut 8RN GrnlshiBtal RERIe¥ Be prddie tnlerde Of

flight is estimat the difterence Qetween .tqeﬂt_l ne o{ Lrans i sSsi on
det er ni ned YanemEYHEat AEAYASRHR RS SEFLA I P R PRE SIS Pt di Bt as
det er ni ned dpbmgisaizglag kesk prethe zimacad datrin thBicawef GRE) oeteisvelites temseikesvvi | |

| nevitably é‘a"@m ind il I EN iR SR Mcnki #3R ABEH &P IR R: Ihev&lpck of the
satel lites, %% Fodr range 50 conputations wll have a comon error. The
common ah- ororipgtinghiee repition ofithe $3ie!itperi dieiBEs 8 EPFURSIHACE Ffﬁogg‘gg 1%7% he speed

of |ight. Btimsidgmadorkigastis fossitebldebesnd the pracigossiit & horesoiere seiewet  of
equations to determ ne both the receiver clock error and the |ocation of
'the antenna. | fin @cinyer@oma 856 reqsivat §ierasesnPyimnigh s ip fonedn@vep BSYFE ble " to
determne the Locati an: RBg 1=00kesak @len BEraAiEtbrathedeaRs preciselocdtiot hed

receiver's UBSTI'TUTE SHEET. ULE 26) . WO 02105 ~ P : 1) U(i-4 2
coor di nat esclP% egprrcgga);quwg(,wﬁag:gp?%%?raﬁﬁ '%Cosn?quéétals %%@gn??géﬁ;%ﬁd&i mat ed by
estimat izng édnlitalottind rackiven uttinkedenytierapacd of fight sidgntiks 2 pUimate e AP Ples
consi st of u68HehRkn B Akkie YAk &b oseia PIRESAe BILH Rloaindib & 6 erterend=andom
bi nary spreadrng code at a rel ativel y hgoq_rtl "chl,gppl nrq" rate d(ﬁ' Be 1.023
VHz) between the time of transmission determined from the navigation message and'the of

receipt as determined using a clock in 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

30  computations will have a common error. The common arror is the errar in the receiver's clock

multiplied by the speed of light.

By using at least 4 satellites it is possible to solve a set of squations to determine both
the receiver clock error and the lccation of the antenna. If only 3 measurements are available it
is still possible to determine the locaticn and clock error provided at least one of the recaiver's

T
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5 and then bi phase nodul ated by the binary navigation nessage at a | ow data
rate (e.g., 50 Hz). The carrier to noise ratio is typically very low (e.g.,
31 dBHz 9Bfgz) at the earth's surface for a recei verpat/hboziokst ruct ed
line of sight to the satellite fromits antenna. However, it is sufficient
to permt the signals to be detected, acquired and tracked using
conventional phasal ocked | oop and deljgy-l ocked | oop techniques and tar the
data to be extracted. 10 The process “of tracking the code of a signal in a
conventional SPS receiver involves the use of a hardware cede generator and
si gnal i xaerdingies s aligady mewn| Pleye iy dialign catlee ?@T%W@dlby egimgiiRedeni t h t hat
of the i NGRS HeHndthnat he output f ramthe m xer contains no code

nodul ation at all, Hence the bandwi dth of the signal is nmuch less and it
can be filter elthd signgiefint {heisatetiea sensishef agiagigabignabwiici is eiphasei randulleddyi s

usual Iy d%gseHéd ﬂgdéﬂgﬁ%@%bﬁﬁb éddeta% refaum ﬁ@acmwﬁg £ (8. At &5 MiBz)out put

| t th
Ut but | Sorliess HAase BRRLE oY HE S aEURta SEreeRe e s b i, a0 the

preci se tiTme cafriet toadkgiratidiiompicdly véry owse.gnal catarte eiBondit trg dadh’ angrrfag,e\ﬁ@n
| nstant at%}eggw{ Wﬁﬁ'u?(c?brst c"i'éhhlmg ofjgé]rﬁﬁcg&é’?aﬁelﬂg frbrﬁ‘i@ té}glat PBwaVeRligs Of the code

gener at or e code counti n e code epochs within each
bit of thesuﬁ@teat tamafnwhezagf@bi}ﬁtbp ﬁ@tEft agRujred Wdt ’f*Fdé’éEﬂ C%FEFOB?' PhRee-

navi gat i 0neskes %RAg AndBélayackee Wb itargnibine andfod hewataho be eaettesubf rame of the
message and by extracting and decoding the times of transnission
correspondi ng fToe ploeessud fracking throtpdel gt 4 ganal inaspmdentional SOFeResicainvaleesii®ed f or

any SPS. F@é’%vsﬁard&ég%&é ?é%@ latoPRRd élsﬁaﬁfh\kef aNmnhéluéaiI%enfefam 606@1&@)(@&9”9
| apses in position identification i e presence of enedtr mssmn

signal s. \flered Wi gt cE e 'WCPWE’QS\Q”QI 8?’19”% RO RBeEt Cﬂ@‘%‘f‘%ﬁ%ﬁ “%?Ha
sat el | i t esatia8. AEsderhchadwidsi aj el sisnatdy mbe lew\and élcgn et fitened & yaattmwﬁatsmy
reach the @QE?F‘Q% ?ci%%r}‘éﬁ‘d“ n%f‘?bsufaﬁ‘ﬁ!bfab g46Sa E@Jhé%@rt .m*afésdéﬁ Qht the copsiaet |,

acquire an ese Si NMor eover, under c unst ances even
O he 51 AR GOTIPIBG FS ST BB IR TER L= RN B eI So Wi Bogred Cps
signal , fogongeasmb e.3mmayst e igat)l ow as or | ower than 24dBHz and as such it
is not possible to extract the data fromthe signals. 30 Prior art devices
have attenpt ed Als. inithg eesgef 6PS ob@?@e?@”ﬂ%s’e”%ﬂﬁ@bﬁﬁﬁ@ﬁ“'tcﬁfr’?ﬁ&’@?fj‘@%@ use
of aiding Lnf@/AtistRhat tﬁé‘reé“@éﬁ cEEReIRSmindd 8 ichin@ihe is@fe0dt Rt dogdgérrater

ternal | lied t t hr ough y
C ansm 51 65K IBFEPTBEe B oA et TP O S S B PR g 11 om

t he at henuedustihgsthehissl withinBeaimpbesT thie nevigdtionieesseasangray couligh theiwerdspydthin
SUBSTI TUTE %‘F’% "t:f'lezrﬁ&sa e\/@du%&@hr@nd%ef’o@%Mﬁkgeﬂfdnsmlsﬁah ents to
a

Tayl 1 US Pat 1 t I I dat
Lot (U, S, Peeangag o B #¢ospn gk 1) PERERT P os it BT ey o
posi tioning i nflormpLi 95&1;@9%05%@}§E?Je'rsdc%ﬁ)suf‘e'§fr@r§ HSlbidsbiRe Paseﬂsr:ﬁ pmonS 663, 734)

(ai ded by transm ssion %genc % (EU§ atent No.
5, 781, 150) ideatifigation fsythe P’z‘fﬁ%ﬂﬁ*@ VerkerRd BOHPFE %‘Gr“é‘au &y ”’E HW%’) Re%%Sner (Us
5 Patent NgetwderPifd aRddna dnaitcleshtdiijesDopatradted, kiondd rady t:e&veyeiy atbugeéwbien ange
data) Krasper S t PRk cdat a) ;
Loonis, et V&Y! re(aq" @elgﬁt%gn? '\ﬁgn\;egﬁcglfyg%?lﬁ ésadaqﬁgﬁg )GS&atégé%%teﬁc g'gt ell fatg
epherrerl dewesa‘#lmworﬁ‘@)ﬁbslp#éﬁ@se F‘f%s‘a?@éﬁmﬁ‘r'fémﬁg@bﬂ“@&eldﬁﬁ’ﬁte dafellite

i ndex and/ eéms,qstﬁo@@aa‘ﬁs ofd &P l@tghéas&r exéimple Tedy YeldS IdRedsenn towhibthaib 281851z &4d )

(aided by ti m dat a Krasn t 6: 016, 119) (ai ded by
ret ransni SEFB 'S P ésibetf’ g“tgéj%aff@ tﬁé‘&%ﬂﬁ However, aidin

i nf or nesi on r Skigr aesle‘ammavmrﬂpﬁdéﬁ@mﬁﬁsﬁl %NV%MP?$ﬁF@?°mP§? g’é‘%&ﬁpl e,
ai di ng i nf QMRE 'opéldlﬁamfdaﬁat%ﬁntn suéh &iﬂ@m&f’&mmeuu\f@ﬁxau@lmg(tad@luytsumeds to

‘satellite transmtter St ens is a

si gni fi cant” eadQ\lsarﬁP%iEés {"'60”?%6%[5’@5 ferfgnazaﬁ’ana}nﬁn’l% ?r}’ HEThG S0 bAY% %&ﬁ%%qdﬁla”ippl i ed
to lint thdormstorabstingtiroadok afeoratrd wmuﬁs@gpleﬁﬁwﬁamﬁ%’lre RHeH inthe 15
*voice path of a wireless comunication network is being used to comrunicate
the siding information, the voice comunicaticn will be interrupted by the
ai di ng message. The ai di ng nessages nust therefore be as short as possible
in order to limt the voice interruptions to tolerable durations and
frequencies. Also, no matter how the aiding data is conmunicated, its
comuni cation will delay the operation of the receiver. In many
applications the location data is 30 needed pronptly and therefore any
del ay nust be mnimzed. Brie Lptli { nvention An objective of
the present invention is to[é%é?ﬁibigﬁ%gﬁggkghg%agvice for use in a
satellite positioning systemthat has inproved performance in the presence
of obstructed or meak satelllte transn155|on 5|gnals mhlle nalntalnlng
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herei n. SUBSTI TUTE SHEET ( RULE 26) WO 112/ 11;9C39 PCT/ A L102/f1011C- 4 4
Consistent with these objectives) a device nade in accordance with this
inventiogdihiddbé®s a novel signal processing scheme for deteatIN@nes
acquiring and trackl ng attenuated satellite signals, such as those that

m ght be received at an indoor |ocation, and conputes |ocation sol utions.
The schene nakes novel use of attenua:;hed satellite signals and m ni mal
external |l y-supplied aiding informatio Under the schenme and in response to
a request by the SPS receiver, an aiding source supplies two types of

i nfor mat i QBtehi 1P hyRF S, quwmm 44511 8)l(aidddtsy saietiiengmsmeitrdat)hmoW.8es an

SEPL oy o Rl R SRRV Al ol o e
provi des prasoeres Sateat No. t555556§f41(la@ﬁ‘éb)affﬁws'vlé?'@t‘?ftqoé@e’fffﬁqu‘ﬂfyts JBs)sivasngy

Lr a;:ﬁed 53‘U§'Pht'eﬁt% 5?@%% %ﬁ&&i thy tka@srﬁgﬁéddfgaﬁple&mdqu@l:pgnﬂs)esaﬁreewsorrput ed
y the ai

I ng sou or the rther
ai di ng 3 nfrétERENg g7 f‘@ﬁé@ﬂ%‘gw g”r‘?ﬁﬁ é”’tﬁ)zau?%aé’dcfé anﬁ%f’aet% sa%n% (gng res a
set of satraldnt Kie$,840,398)(aidéd bt,gsabsilseelmamrdalahﬂ-mw&tat@h (4§ BatentiNcer nal | y
stored al N3G, it} kelckieaBRIR AT S0k Eifah) ichBEMeiCint, rﬁaéﬂdbl%ﬁgﬁl di ng
i

source. Onte ac red "and ese L ce
relies upc?ﬁ”?q*ié"slsat@@ﬁé“d%%"é@ CBTJAO‘PW?@E a%gﬁteﬁatréfqef M@Egtarﬁtawo Q§4 Yer t han
the transnhigad Hnirfiigaatajatrasner (hiBnP4tére Nokkénee) Gidgdal retr?nﬂfrelw@d@ dpases of
t he sigpal.s _ar red at the same instant so that there is a comon tine
of recgolnptfomﬁT%mgeE%@%aeterm ning the differences between the code phases,
the resulting ugldies aQWn Gﬁé@na{ﬂbﬁ&‘e@ulEHsfafj@ﬁdaEIQﬁﬁsmlad’um t=pksiicasFareRiguieus

ts of the diffe
Carel || 1o SngEPETRotmeh ot R g o 8PP eitrens R e BRIt e | o

code phas ewithiek$ ereem$yaeresthewqempars@mquaot@éw@mﬂerw%%ﬂaﬁ@% ohith the

assi st ance; @i ; h@&*@&?&@éhéﬁ%(ﬁmh%b @ﬂsuf:'ﬁé‘cﬂlt%ﬁ‘éj rdsb@rided [Fer akathpng waauhee. | n
t he process % pproxi mate | ocation of the recgO ver_an tetpe i@k ci se
\N d

satel lite Vﬁl%lpﬁt?"(%% P IRSSCOMPIRET TG HEr et PR 5D 5 BRI M€ ahgesS to the
sat el | i t esnforki@ion, tHayvofce rcbinewnicativhiwii begntérhupted pp therdiding messagryeewidng t he cede

phase di f1re0ces, Precinesds, RSAUIREARGS, JhLHEIARERSORS udiepiorets Final |y,
t he pr eci se recel ver ocat| on

pseudor ang@@raﬁﬁdutaﬁ@"spﬁ”éé’eg'ée’@ﬁﬁef‘F‘? f“@"bg%?‘f’wot?‘?sa'd”@r? 'SDgggﬁ ﬁ?q?%ﬁs of the
Dr awi ngs Téynﬁwunlam&mtwnocuhuaysrhe bpesstton at el rdogivare BTsaryfappiivetions derpretiyn e is
drawi n er [ Lgﬁ,ﬁ,p{ﬁ £xanpl es of the invention and
do not gier%e \EQE ‘fromatbg%?%ﬂegg%{elagg SV.'?@BQ T s a sequence diagram
describing the interactions between an ai d| ng sour ce) a call taker and a
handset wi Btieffes¢rintiogrodthafnepdianecej ver according to one enbodi nent of this
i nvention; SUBSTI TUTE S RULE 26 [ 0G- 5
FIG 2 is a fl6RCREFYSS Sﬁl%eqmveﬁh }%) ?3 Q'%gfolgt Jj;%/(!:%orﬁéb%%o one
enbodi ment savdliité passioning systarothat rms ua@rqtﬁdrpp'ﬁ@mémeem 1hietpée5§n¢gr?§r3%$twﬁ-§%§fur i ng
code phasegy & g{eﬁl{EQFan§rﬂEQBrhélﬂr%l§ IFIS SnaiRA gl reAR DY eHicmRehia® It thé grepsaeeidior ange
di fferences and conputi ng handset |ocation; FIG 3 is a block diagramof a
t ypi cal? SPH98&EM4%r according to this invention.; FIG 4 is a block
di agram descri l%tﬂﬂh%}%&e&!vg rE]a(E wR:SrQ&e%%bt’ﬂﬁn@ cgme's%’t%%ﬁl%gtrﬁmﬁ@@t&ﬁl

ac

anplitude in e | at e arm of

corr el at or agssadERIVRIlg BINIBRIES é@bﬁ?ﬁfuh‘?ﬁfa W“fqﬁegor”?ﬂ?ﬁnwp%ﬁﬁ'sﬂd@g f% | s a bl ock
di agram descri bi ng ﬁg{ﬁgh&ar by 'eteér ﬁe”ﬁx%%gdnqgto% &H%Ltdg%é’ﬁspactx@véseéjﬂﬁﬁnaﬁ he error

in the code phafss?;I accor rment of this
i nvent i on; Time TeIRGst Bx {TSFA)- bl ock di agram descri bing the al gorithmused to

conput e the location and vel oci ty fro and carri guency
«di ff er éfices accAsidliPTR) oPiBCyREWE B BEAFEN °r6§‘ f%ﬁfc P °H\72E‘F|'no’ﬁr.m°ﬁla&°§'{fa'¥°gl cts a
har dwar e apgrengenent of the correlator. 15 Detail ed Description of the

| nventi on
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There are four distinct elenments of the present invention, which are
utilized ;o0 achieve the aforenentioned objectives. The first elenent is the
nat ure o{vdm,@‘ggl ng informati on and the manner in which gpdpaBRmongcei ver
and the aiding source interact to provide the aiding information. The
second relates to a procedure ;or detecting, acquiring and tracking weak zo
signals while avoiding janm ng by strong signals and ensuring graceful
degradati on under adverse conditions4 T he third relates to the design of a
device for tracking of nultiple satellite signals to determ ne code phases
at a common neasuring instant. Finally, the fourth elenent of the invention
i nvol ves a set Grdnsigfegtoviinttase objseites, @ devicxwad imassemkneatiiblthis treergiognal i n
order to CM&%@@%H&M? thbR0 ik B&@Emﬁ&‘%@dﬂrﬁg aﬁ@e#@ckmeaa%@nu%tefdferences

Each of these featur Wi Thi S i nvention

rel ates toS3ghe ﬁ'@%ﬁf%cﬁdh%i %ﬁgﬁ'gﬁﬂge ?69’%?"@6%%09’0%%@”? FIERYPDN
di scl os ed lonation Solutféas.eTite fdbemd Mékd, bV ussafaterdiatad katellitt Bignle radainimgal U. S.
pat ent Qﬁérﬁgﬁss'ug&x% 9,94;151 RimByenr ef erence. A. Aiding Source/ Receiver

Interactlon . revi ous y described, the aiding data used in accordance
with the presenindefineBéietd ahs ir remohe@ltotaoﬁaqueit@p RIS Teddiat, dnidingtesrcan

approxi mate | e n BSTJ TUTE_SHEE (RULE 26)
V0 02/ Boce iR BRrSinBetinin o SR e fBtes, Hiosoh b atnd ser Dol 1
set of sat etdrexrasie IoTéiop orﬁhﬁmeﬁRﬁﬁeliaélyM@mrﬁokreandaqrﬂﬂtamfyowir@w& tasetgh a
request/ r exRANSEIKHE B8EHeCthe 2RI Isbirk epr@bu@&%ré‘cﬁérsﬁsmtb %ﬁtno%B%H&i del&eaels gl uded

in the aidin oVi te nay at nmessages
e R ohief sl BSSRE Pt SAHAE olibol B RGeS A5 h O
correcti onsource fcnndq:hetnensa@@ﬂoathe Isgtetieaphit BirthdrgidBg péemeinman geeddd.f f er ences.

I nstead or supplying satellite positions and velocities, the aiding source
can supply corr &apEhs ‘f’fe(ﬁev‘%é*tg%‘i #1d acarep g settof srkaliites faT reking ggsed upen

accel erati Qﬁtﬁmaﬁ’uﬂ/ﬁ@ﬁl |ﬁtufnbln/€§tcr@i)5[mbhm¢dﬂ’nt! waﬁpw&m&ambm&bwm@hm

satellite alanac {Lnr%a %%cl*ﬁ CordRhd dd?%)éﬁerﬁnoisb(ﬁe H‘?}? rEﬁés%?E’rﬁMEe

coar se sat 51d1nFF%”rc°OS| i on vel 00| 1'es an derivafives wh
correctléd geder@aeaqu g weak satele sigaws fafheplapr be HAnsgissiae time gatei vathin 1_d| ut i on.

to This isyaghand QQ'%‘PUSne%‘édé ﬁha@éé ﬁ\ﬂﬁe didtRIs 2 Bddsirk € oS bdrhdRSain@olieat

predi cted for rel a’flve ten m nut.e t h _adequate
accuracy f SIETHAFETIARY" %ﬁ@forfged'gl v@"rn ﬁ%ﬁ%’“@wgi’“ﬁaff@é M%% TVérls':'%Jn ed?'?andl ng in
terms of thessasmimtesgingakiipng wde shase ciferentearrsaiakaneas AMiquAES MedseTay@nts
Because of e 4H0RRastn RatiMeSoianshikgcfdin seRMBagRsst o full ephereris data
and its potential longevity, it is feasible to structure the aiding in the
f orm ordp br oadciasisspréfeaasemibddettnatf tisinveatn, hiesd ctephaat siffeBheesade that age Of
this is thghﬁ@?é&taaénew@pééuq&ah%;eswghr% 46 %@%@ﬁ@é&i’r&ﬁﬁé debferfiBSicyer s to

request aidihg 2 icantly reduce Séstem data traffic in
the direct ™8 MOIRIPHSIUFE- H@fW‘P@eﬁsa% a@@’ﬁi"?“éte Iacgliop oEBR {8 VBT ARt BEE web
site. In rresttelme@seﬁons bmwerned td&tem&bemrmtdrdngaseto the sa@pn&sw‘rt\én ay varl ety
Br oadcast i Ng correc Pons e I ssu manac, ransmitti ng

al manac c oPpepiapgrsdiffgiences E’Gr@é"ﬁdo FF’@H}’U%‘WEPC*F%?P%&C?'Wt“?Caw ‘T‘%J"fbea specific

i ssue of alsRRasusiy thBprass pLidianges brEBE bease fatdlid fmitibal est one or two
i ssues of almanac and responding to requests for corrections for other

i ssues of egrgftﬁgic%lgﬁomﬂgg opdwif enbodi ment of such an 35 exchange in

accor dance Invéntion is depicted in FIG 1 ¥r§' cal

exchange ni ght TW@Y%O%H '”S’Pjgtﬁetb’épwﬁ ofjihe %Fﬁ°W§9V'H%d’SUﬁF%eHCQ”e&ﬁH Sal |
Taker 3o Fcngurbglﬁéb&@&&,exérli‘;ﬁesf‘d?&e%eenon&md to natgée fodimit itCRBDIcadial. ver enbedded
in or co-located with a wireless telephone or other handset. The Aiding
«Source 2 n#yC.Hes boeeaek dasram defcribipg e dteraptionsdeiwesn areaiging epusenAERERKS t he

wi rel ess nghMRLNEEORH Mhattedrbied 8Pdiret@iveiadcaordifg th oA SMbddinght Wil this @vention;
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SUBSTI TUTE SHEET (RULE 26) WO (12/US913") 7 PCT/ AU0O2/ 000C~ wireless
comuni cation link to the handset. The Call Taker 3 nay al so be | ocated at
the call y§91/6doer other location accessible fromthe w reteagon@iowpr k. The
ultimate user of the location data nmay be either the Call Taker 3 or the
user acconpanying the SPS Receiver 1. OQther fornms of transm ssion between
the SPS Receiver 1, Aiding Source 2, and the Call Taker 3 may be 5 utilized
wi t hout departing fromthe objectives_of the present invention. To begin

t he exchange, the SPS Receiver 1 sendd a First Aidi ng Request 4 to the

Ai ding Source 2. This would typically occur upon activation of the SPS
Recei ver 1FIgug ismfjowsbatifesstibing the ovaralhaigoritim agedrting topreesodisent of lés Ai di ng
Source 2, pedMisn %rgéq'qeﬁwgébtélh@&ldﬁgﬁﬂﬂéb%@nn? i ﬁiaséosﬁrﬁér%ﬁqoaﬂ%?g%@wﬂ mat e

| ocation of the S ceiver r oxi nat e | ocati on of

he SPS ROBERIERSI, STRRLYS B PR il GBLRAPFGSE! leaigile epoch of a

I b 100k h
case of cPEC T T A b kAR SRR ekl BB PO e ol 1 Taker

Iprne\alll g'uglst Fl? d'ld@bi&@&?&drarﬁ deéﬁ'ﬁblhg fh@%l ﬁﬁ%@ké!ﬁﬂg%@@ﬁt%g?ﬂbl? nriéélgiﬁrt;'agig:jtr@gl?at Con
ey en o MRt S SalerT  Beur g pLpen %fﬁaa?ﬁ)aﬁa%elﬁafp ol Poene

appr oxi mat embaiiragnit ofnthisériventico; constrain the initial search once at |east one
satellite has been acquired. Upon acquisition, the SPS Receiver 1 sends a
Second Ai dfr@g5ﬁe%]?l%%“t°‘°ﬁr‘ir6d?5r?§ Ing e FreToeing alggriem seebindedce g REuest 7
i ncl udes | mkebdepHass measurera@td adogiding td dre eshedimbhtef Sigtinvehtichat el | it es used by
the SPS Receiver 1 in determ ning pseudorange differences. In response, the
Ai di ng 18oufiGe 6% aldloakdinares dessabipg e ialgerityp obed tonemrutrithe dlcaiiintane gelogityt he

i dent i fi edydf 1Relod@bhatalaRl biri@Srabi Ry eRbEImRE hofithdo by ettRin®at &thites. The
det erm ned, 03| tions and velocities are then sent 'to the SPS Receiver 1 in
a Second AP 81” Response 8. Since this elapsed tine is known and assum ng
that the | .ggeption of the request for

ai di ng cana%gegg?ggtr#ﬁgglafer@ﬁ%@ﬁ?pp@% ga%fhe ai di ng source to determ ne
the time of reception of the satellite signals to within a few tens of

mlli secon al.mnac corrections are to be used by the

recei ver ﬂsﬁﬂﬁsﬁe%@é (’/gf{hﬁe]e TP deternmine the tinmes of transm ssion
(TOTS) with an Hemaradpr distinchelemenieef thef orarsnvepinnt Weiehere atilized td achigref er abl e

}‘0{ the re%@'a‘f’cﬁémérﬁoﬁ@ dbfticBvedi trh@tikt el|1é?€HAl Es,wagxatu&eof%ta,dwgt.h@nngﬁn ah€the
atenci es as el egan an Yror prone
The- ot di g BEE vam%ﬁa?é?ﬁecswf e R e A e B R i a8 1 B ol g
sour ce. Bewfursetioof TBes¢doad cmaﬁmmamactca@ns ‘of gettentioy peduting and terkagyveak| | be
gﬁg[] agg@ L g?rﬁﬁen%@%@egmgég ]ra?/rlﬁg@ﬂﬁstrﬁﬁd s@rmeanweﬁ@hfg;@g@e%mwgm A G‘rﬁ&r rredl a
SHEET (RULEdeBE'f oS5 1te @é?’ ﬁ(lﬁd*?f’ elies o sy PP’UHP%% §a“?”ﬁ%

| at ency i ssigsis orbedning n@ieeﬁad$esmacammqsmeasmng‘mﬂtarm\/\ﬂnglyftaeto&rtm elemestt ri ct
the TOTS t g Re b IGoipila &t otaéléoﬁ{h%tuké/ﬁé pro@%ss-g%ap%’t@lﬁt@ slgfhs iPbralie code

epochs are transmtted from he satel ites at mllisecond boundaries _in GPS
tinme; 5 b)CorpRYE 7 Resitigaspiian f E?&brt‘i‘ealsé'ﬁ dERYP RRe dissencat n‘:gaCEGH@e%epS%tH’eB&’d‘ndary
is knovm abe addressed mapands to the neasured codephase for that satellite; c)
The Time O Receipt ( T OR) of the sighals at the receiver is known to an
accuracy of nuchidievestienyglgtes ta refipgippndd antiseiepsigng io 2 epmurarly wee nvertieni s known
to an accugig@yseafin DS PueAt NG5 5488 472 tesraifglf, thel¥erefbing 1.8, pdéht RMHRFBYI t Y
resol ution, 8& érh%ﬁ&seélgrorr]%nge differences). The T OR and the TOTS can
therefore B¢ £ Y E3¥5¢% ol lows: 1. Subtract the average Tinme-O-Flight
(average TQ:A(M}Q? ¥urce/RAEEVed 1hRMdiBs coarse TOR and use the al manac to
~conmpute the satellite positions at this approximate TO T .

30 As previously described, the aiding data used in accordance with the present invention is

limited to information that includes an approximate location for an SFS receiver and the
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2. Correct these satellite positions using the al manac corrections. 3.
Estimate the satellite ranges to the estimated receiver |ocation and thus
the TOFsyw@ozsiebior act these fromthe coarse TOR to refinepthauifdobes. 5.
Comput e ?%e correspondi ng satellite positions using the al manac and al nanac
corrections. 6. Iterate steps 3 to 5 until the solution converges according
to sone criterion. 20 7. Conpute new TOIS as in steps 3 and 4 above. 8.
Correct each TOT to the nearest po§§ible val ue using a) and b) above
together with the correspondi ng codephase neasurenent and cl ock corrections
for that satellite. 9. Conpute new satellite positions using the al manac
and al manacgoeifdis@ed veities StBsaﬁcTUEE oBkites( Riols nid@iption iNGERIBESE9 9
PCT/ AU02/ | | e t set
é%%é%ea ﬂ}r?%r FRC eSI ??é’é{uérﬁ:% 'Sé{tﬁﬁte cBB@éo'rr@& 8ﬁ§ LAJURR nﬁl@e@

of pseudor e di rences
and t he satielhejsidnggaiei Thes?sare Bfoé(PH‘éB thas !@gﬂaglgafm meé%géil RRA 'BaY DRSS
squar ed val e npf Thiwat l@%@éﬂﬁﬁl angpiy tRsse dumdclons Iorddricbo@tet @ppuie thed 11 in a

Newt Raph
ri Seo? 0 {Eeo%gﬂpglrrq%gg{h %{:ggc'ﬁs &%& rg Eﬂ@&g% %tghtéj ésﬁlgﬁgl%% vrefagh%_% e%\?c}n e 9' ving
esti mat e ansbutch eardkupfle carrestionsdonibe prielite perilions uelenities asegleraiinge §@d/qrc§1ftn§§t i mat e

may be used,dsflo L@l &icds éolﬁr?oufe%q%kﬁ/tﬂé sSEIRE Klmaﬂt&iaﬁ‘ao f‘ﬂh%?a[rﬁmﬂb B8a Ry Qisy 8
| ocation estimte IS

t he ver catio tinate. uent
updat es of ‘tsﬁéth&U‘P\gtﬁtcP?fﬁe ?"’?t?all't&p"i"l’ﬁ@ VB\QB{&)é?gd?}E évagﬁ?st\?h'%aa[re §#%e§gf ore,
under this stfeiingsizade Ushé pErgmige Be lacsten2olgicovi des precise satellite
positions and velocities, the Aiding Source 2 rather than the SPS Recei ver

1 needs fo be abjg; agvg'ﬁég%@ﬂ% A€t §IB€I§Eﬁe's%teﬁtie%sxfﬁﬁﬁgwméciééd Qﬂreﬁa@éﬂ/ tbicom t he
satel|ité signal's and needs to maintain or

Mor eover, i RETigdsHes neoidHayirY wihadeayse %Cﬁ‘ﬂr@'ﬁya%?r%@mﬁ‘ﬁ'gﬁ Bledﬁ%e'ng Igca%gﬁlﬁrr'da % when
recei ved byrehiaRs SRBmRadied mesrms of theramauttiongdiGpdatz e b2 ratdmeittécap decpeaher-i od f or
t he 15 conmuni cation betvveen the two nust be within a few tens of

m |'liseconds. @Sﬁﬁus% g ‘hg?Ma%* @atu’em *\étdhtﬁlgoﬂ&rlﬁ@ tﬁiu.)%mér@ d%@%n@ﬂ‘rpu'[ ed

satellite | ocat ew net s end, in gre erret at
enbodi ment , petrdialgensevid. 'Wﬁéﬁﬂﬁ@'eﬁééwe t?*ﬁé@@&f@“%@f%%ﬁ%%ﬁ U STt e from
the i nstlant re\g@@-r]nttarhﬁs Cﬂ@a@hﬁﬁ@&m@fﬁls t,s lreat siadtef e tiree 8 wguidbs uhcedsary®prite t hi s

| dt i
ona’recept | B PR R SHE Soly? Bhnicifin B L0 G el Bl RSB O

for the Al diowgrdSuameteorgbass agatrecal FRE REViRleRWelt StBecepti on of the satellite
signals to within a fewtens of mlliseconds. After receiving the satellite

positions and vaf %&ttcgge% ﬁdWisvH:SifH’é&yﬂ&ﬁuﬂaa angeao eapd Witangeriatatidssded éfer ences,
t he SPS Recej ver ot d Velocity (PV) solution to
det er mi ne i ?'E‘aﬁ?ce@f%‘g ecfE?ff |e(55n‘31§1§$'p\'(“ac’<5,JP Haﬁ’%ldﬁd& etc. After such

determ nation) the SPS Receiver 2s 1 then sends a Receiver Report 9 to the
Ai di ng Sour ce 12 Bebadchsting coriagdenst iremyltiple iFyentfiadienagpeed, headi ng, hei ght,
satellite identifications and the solution node used by it (i.e. 3D or 2D

with altitude Al Qﬂﬂln&m%éc%ﬂé&’bnﬂﬁ rdsBbrize karb@uests Rir @bmardttiorarior 4 dpecii di ng
Source 2 may take further action. For exarrpl e, the Aiding Scarce 2 may use

the known sat el | P8 °53/F"3%{d°% i mes of transmi ssion, sel ect
Broadcasting correcticns for the latest one cr two issues of almanac and responding to
requests for corrections for other issues of almanac. A model of one embodiment of such an
25  exchange in accordance with the present invention is depicted in FIG. 1.

A typical exchange rignt invalve an SPS Receiver 1, an Aiding Source 2 and a Call
Taker 3. For instance, the SPS Recsiver 1 might be a GPS receiver ambedded in or co-located
with a wireless telephone or other handset. The Aiding Source 2 may be located at a call center
or cell site or elsewhere in the wireless netwark such that the aiding data is transmitted via a
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30 differential pseudorange corrections (obtained by any avail abl e neans)
and then conpute a corresponding | ocation correction consistent wwth the
report ed wipggos9§39sol ution) Wth this later SUBSTI TUTE SHEEGT/ABM026) WO
(12/ 0S9G39 10 PCT/ AU021000G t conputation, the Aiding Source 2 may then
apply the correction to the |ocation reported by the SPS Receiver to obtain
a nore current location. This precise |location then nay be sent to the Call
Taker 3 in a Second Aiding Report 1 D. As an alternative enbodi nent of this
af orenenti oned exchange, the SPS Recegiver 1 reports the code phase
differences to the Aiding Source 2. In this event, the Aiding Source 2

coul d Comvtﬁaea PMnaﬁltétroh i ke DRSSP REEINAT: oy 4o (koI cki ke t hat

of the SPS Receiver 1. desgri schene requires the S Recei ver
Lo conput & CHYS B SHGEET A CRIARE T8 MR PH1orh B ARG VRt oL g ston
synchr oni z aktaowaydhatihef therDat Tekss dtceltheiube ascagiwahying tie BiRS Beeeiten 10Dthehiosmelat a
| s avol ded ;pesanRBot BRwaAR; BPaRER:I 1.thangs§tft]lz b it 807 SkeRb Fral Ben as

anbi guous neasur enent s 1 ifferences 1n ti mes o transm ssi ons of
the sat él | iUtiRzedWion) deparihy Eom e RDISoMSP PSR EFSHRM ¥Rt i ng the code phases at
t he same instan 0.t hat hre| trrre er. the
anbi guity resol 3?5%%" ‘H%Sé%‘ % ceZSnF\?rse'% Cn&%&e er“i'jtasige] s&rt‘?‘?g %%eésg@{oﬁtﬁ%

pseudor angeiditigf Sogroe Ac &his woulg dtpicalerbclyurat Pctt't’@lph of theh 8P A FpraivEr idbiem®ocat i on

for the r e%e&uverotﬂern@ég@émd (rfl Fe@ﬁéﬁs@&he%ﬂh@lmﬁ%lﬁ 86nde a F\r’r\bﬁﬂdrh@aemﬁiwl mat e
| ocation is then co m.a re

(accurate t¥caggnan %atpéﬁ""aﬁta 10@85?@@,1] hng.’ltpgsé?ﬁﬂ"%t 3R ?'ha?tmeb(mﬁq?e
mont hs @l d ldcatidnvé the £88 Rebei@GRS inhtwatpiodeitad dwn oanipll o p codesength Plesssiaifan

about 30km) ntnhrmr R gtrtesspaar)amght@raear e BE csgaef apbehhk besolifake
det er m ned ts lp de |i ed

F ch ie by t he speed of
li ght whi CFP‘?EOWW %F@ﬁ”tt?tﬁerﬁ% TR 3frb? F shé'dﬁ%ﬂéccﬁ‘i?ﬁa ‘' o differences.
By conmbining th t of

marbi guous.andr i e e vBEBSIIRL borRans pRNh 1R 'm=*=°cr° R the
need to syritsheivetilperfarme ltrs exwlajien swcbeta@eretsatew sBRR ToRE TG HEE and

Fur t her {¥or gje &%Fbi#n%t@é‘@anw ﬁé@p t@néi=H tﬁ@rnﬁi@ttsaartﬁ fHcBaziadd: 0Re ehgiRE his/esent he
SPS Recei ver soI

e ne r being
suppl i ed V\natchu'rﬁg b‘ﬁ’ rlla?qH'F'(t)?'?Té l%)nS BFC"We% erngtd (%'ag%ci‘gvtrg U ?% J“ﬁ
i nf or mat i orhidirg 3:3133 2t gheSetand Ardmg%@peqtﬁchgesanfgmrp@pr ’F’F@If]ﬂ&t‘ﬂ? se&SHEch

during signal or%&:‘atit'e%éeb%p Y sSEORIRAF €1n d@ﬂ&mgegspgeoc&atgeIatﬁeteecésange as an
alternative to using. the sat%uérte e%)gerrer is

i nvent i on) TB{PENSSPYE RISING;SPEree 5958’5?)”5?0”%?"8 'ﬁgf‘{a%sﬁmﬁﬂse |'%g'f "%%r ed
cur r ent 2@l nenacaifieafrorispiregnerihiidstaderrttesatelitdsnimaleteduited pasliensiPg ‘/R@éetﬁver 1
estimat es tﬁ@‘h&?@&\&%ﬁhé‘ é@h@é&deﬁ rngQS&:%n& Biging Qbﬁabhdetéagmcé Qtr@é(lao@@@hl‘h@&y of

better than about g ﬂproxr mat e atr on?n se .

satel | ites HOABMWANGSSSYRIPG @F’t tf“hifrf"” bbﬂ‘t”e‘%’ ARG k‘?cf"%r?@ BE RS s
suffici ent #di@iaaoy détermdndiity possiblespi the aidiquissicitodeigming tiiketime taecaphien
frequency OJfP%esEh@Te sfﬁhglstc?&rﬁ-ﬁr%‘f'e%tQﬁster%EQJnde the SPS Receiver 1 is known
to within a . To achieve this latter requirenment, the reference
SUBSTI TUTE SHEEFRo&ldk. i aitfianac cdMacichsQiréio, 63 s dAGY /A b ERlet iha B retedeivef nesgEency
of fset is estrmate L S it can be
tracked. MoP&gGEne %PT?teéfér? anff?rhgg Lf%*h“’étﬂrg’ér ?Zch %gggeﬂ'%{%d%{ewhé@n%arr es with

t enper at ur eFuatbermeld, it sprefefablg farthereeaiver ipadodhis wifiout rRgHiINng W&P&E"‘E’é‘ﬁ%ﬂg@er n

t enper at ur g, ReLeR thidlY cSAbdrdrd) Snewighht ah& petehiinderfbegioaglat i on in acquisition
performance, the SPS Receiver 1, as described bel ow, uti I i zes a nethod that

copes with the chan e and .ens ful de ti n

presence of r@lﬂ‘q‘r@rﬂa Prﬁ?fﬁ'é'”ag iﬁngaf %? ‘G AR sseaq(?f ?‘png m% gg%)a&rs%:g]el t he
<SPS Recei vethe tommgticatimms daserioy athis dcofacy wildisslagradagiiel thﬁ@det efrﬁjce’ﬂéiﬂj TR t he
presence offld: QBB AR HhaikaRA ot BRrAlsgedsUbkRR Hehts, tineagasn ot t he
GPS system the almanac data nust be less than 2 nonths old to remain
“current. To neet this goal under GFS, the SPS Receiver 1 1o nust gather
approximately 27 sets or' orbital coefficients over a period of around 2
nonths. On average it would take around 20s plus signal acquisition time to
gat her one set and it would take around 6G such gatherings to acquire all
of the sets. Hence, if the SPS Receiver 1 was activated in the presence of
strong signals approxi mately once per day on average for about 30s then the
stored al manac would remain current. |5 B. Wak Signal Acquisition/Tracking
in Presence of Jamm ng Signal r associated with the use
or weak SPS signals is that ﬁ@%ﬁﬁt@%pgﬁ?ﬁ@'ggﬁ mted dynam c range. In
the case of the C/ A Code signal of the GPS system far exanple, any signal
that i's weaker by nor e than about 20dB than anot her signal that is also

oy o - o, . o ~ - e, e Y



2s stronger signal dragging the tracking algorithmaway fromthe true
correlation main lobe. It is highly desirable to avoid the first of these
probl ens yahghdsbeivs €ssential to avoid the latter probl em esT/Avon@ncs esul t
in gross positioning errors of up to several kilonmeters. Thus, the SPS
Receiver 1 should attenpt to acquire strong signals before attenpting to
acquire weaker signals. In this regard, FIG 2 outlines an exanple
procedure for a GPS receiver that ensures 30 that any strong signals are
acquired first using a high thresholdg A threshold for acquisition of any
remai ni ng needed signals will then be set, in the case of GPS, 20dB bel ow

the strangest  signal acqui.red. i | | i Qn

per t1 nent (e e AR ¢ el el tifuad nE A0 Rl X AR o?

appl i cabl eTO®s m@dissteireget SFierdtiteém SUBSTI TUTE SHEET ( RULE 26) VO
U2h1~9(i 39 12 PCT/AU112/11(1(1h.4 Referring to FIG 2, the device starts
with the firsl FRGUEReAET HRNDE: BXSURB@ErahdMiRidIRRTEe §telR6s]al milisédord SPS
Recei ver's 1 approxi nat cation fromthe Aiding Source 2. |If the exchange
i s successful dRH94AHES'Y rsg‘W%te | ocation aiding data is received, the
device sets its initial search paranmeters in step 11 with the goal of

acqui ri gg t he) streaing teiwgaakach THTears! thapracasing cedefeppchtipgndasaisdhowr as fnitial |y
set to a hight ' b t@e:on period adequate for
acqui sition at '{&ﬁgﬁég{iﬂg%&%ﬁ%ggﬁgﬁgéﬁﬁ%?ﬁeﬁﬁ no prior know edge of the
code phases of the satellites and. theref ore trhen.se.arkch its unrce‘;,rgcriogt ed. The
reference frequBlcymePtReeirt & AR OfiEF'oPds Bid s ereor "OMME 1SR measur ed
when the recei viglichues tianegj andsl y active (i.e. "old"). In subsequent step
12, with these paraneters, the SPS Receiver 1 uses a multi-channel 10
device to performa c r . Q f I ik t@bérmii Si bl e
satellites. | f é“%ﬁ%pé¥%§gﬁgfﬁggﬁﬁﬁg§ngagggﬁﬁgggggnggﬁfﬁféd coge search
wi th 1 ©hannel peemsigeibyiresoludonpf the pIURCRRGe 4TRIEBT At i on period using 2 arns
per channel with 0.5 chip spacing woul d take 1023/4 = 256 integration

peri ods or 1RPRBRHHHEIOTs Las Be@nde bb Bstivasdd ss &iees: t hi s woul d be adequate to
acquire any strong signals present. t However, in sane instances, the
assuned frequen of fset of Leeejver'.s. r r e -8S5cy lolfey have
changed by a W'agéﬁﬁa‘:{a{ RSt h&ﬁe égﬁ “Ee/@éeé%érﬁ_%?ﬁ?@g f g‘r%_g)'bfl—dr?ﬁg csagqﬂ i ng
rate of a correl@Rand gsedir gim\?n%catﬁﬁp@gqteﬂﬂﬁ&é@”‘?f’ﬁﬁ%@%é&%‘[sF%W@X'g‘iﬁﬁn 's are
acquired during an attenpt using the assuned reference frequency offset,

then the of f set cyouh hehiessadlitdiSdstidné Usisy tePalbnagrardchenssear ch conti nued
wi thout | owering the threshold. In this way, the offset would 20 be changed

systematically to effect a.search, oyer i ' Jr e. The
systematic se réﬁ“%ﬁ%a s?tgwtﬁir?ﬂ?? 2 ‘Oetﬁgt’ ?ﬁ%ggegg%g@%rﬁcg#no qgﬁ%%é?fﬁoﬁ?e
satellites at the highest possible threshold. If no satellite signals were
acqui red over4.t Sebtrostsésslimmfthe oerssreJOR rrg@etiediPTsi n step 13, a | ower
threshold would be set (e.g. 6dB lower) and a |l onger integration period"
woul d be used 2%o&§utgt. ehotrbdHBAdiRS sA1ONE positbheusig irrrdmarckneguanay of f set
woul d be set %’ack 0 tkhe previ ously assumed value and the frequency search
woul d be restar C¥RULNg t hese parameter values. In the original search to
| ocate at | east one satellite, if any strong signals are acquired and

addi ti onal si gnatkmtestapsStid B lunti deeckstiition trovergdsacerstiigip 88 SFRTI¥Y t 0 noi se
ratio of the strongest signal acquired would be used to determ ne both the

i ntegragion pﬁ” ﬂwf;\%n@\ﬁ“r@ﬁ'@gsfnoe&ep% RPgaubseguent search in step 14 and the
acqui sifion thres 6f'd to be applied during the search. For exanple, if a

signal of greater than 50dBHz was acquired then the |nteqraf] Rek I for
the subsequenB. $@FeelFafeld Rdpe 'Bf‘eer%ﬁﬁﬁcwgé'a%&ﬁq‘gﬁr%@ g;ST%|g\§'3a%c’g&,eerclgtl‘;}sﬂ;e‘]edi i is
possi bl e to det esirespolRHE CEUHHE2SHEEFUf RMdInEar@Bock comertops 1§94 seielifs

PCT/ AU02/ (1011(-t signals of 30dBHz or nore with an integration period of
32ms and the ghr@o%h%ledqe%%ﬂeﬂteh&\éﬁoﬁ& 158imadbc SRR oté@bes. to avoid
‘the dynam c range problens previously described. The reference frequency

of fset would al so be estinmated using the approximate | ocation of the SPS
Receiver 1 together with the al manac data and the nmeasured carrier
frequency of
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5 the acquired signal. This should obviate the need for further frequency
searches. Since at |east one satellite has been acquired, a restricted
search r gy B96e99 be conducted for the remaining satellitpsyusbi@oene
channel per satellite since the approxi mte code phase differences between
all of the remaining visible satellite signals and the first one can be
estimated. |f the accuracy of the approxinmate position estimate is assuned
to be ~10km 10 then the code phase differences can be estimated to within
t25 Ns, approximately. In the GPS caske this would pernmit 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 ach|red
to pernmit the0l Goanitonnew dseiverdecstion gsdmate Bpd 8 Bt oOrEgudsiangs differanss (AFIdHES t hat

the second searghhglhdedtftatehidbige diffRRnBERYENEE datele positibitketaided imegper e enough
satellites would thus be 1 s for the first search for strong signals plus

4s for the S€go arch for t i 1S 6.4s for the
subsequent sed @% \.?ag Reear es’ﬁ%é}%? najue Otf Fg‘ldua%&r%glg‘?aédds up to 11.4s.
However, typically, acquisition mould take |l ess than this (e.g. 1 s + 4s +
3.2s or 8.2s)12. Ewost hepad tul sheiNswigpdrapbsaraeruesiastloqptlr sirdetie detetaneitigr ace

gracefuldy, it §6r06ESHAG Msd B tROnMIEN: BRan-bdiRrddobdide RlleC a8 % 1é fifanl | ur e:

1. The second frequen re.t first satel e signal could

fail because al fORfst %f“ﬁ‘ﬁsp@f&%%%@é%? vb@&‘i@? Ofiga) coqre J&%& T

threshol d. One bpeopny éanteet the teeeiver floek. { Hietcaraspursingdedsévet bcat!endﬁtmnate is

addi ti onal searﬁggﬁ Pgﬂﬁ Heodibaled y 1 owered threshol d val ues adjusted in
|na resho

step 13 until sone t dis utilized. 25 2. The approxi mate

recei ver location could be | ess accurate é t he assungd 10k£1 and, as a
result, insuffi E‘P"é%seg‘a‘?fléPP‘?at‘@Qé thgiiayigatign dtes SR APEES daY PRYTERE first pass

of the Weak si gha V %fgrgflgrﬁc%r this s%nep% {?«9{: theCaifh éj & 3 a'b\ﬁdgsa:'redxﬁ %ﬂeﬁx g 0 perform

further'% requen asses W guen i hcreases in e search
range per f qositighsiand s&l@qm&&Bhe Flsing %éﬁe%@tbﬂﬁmad tf&?e@%a@%"‘-‘@?%‘c'@ﬁﬁ? et an
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except that, normally, the locally generated code sequence and the final
dommconveﬁéb??w§&gnal woul d be separately multiplied w thpthaubnemwss si gnal .
The major difference, however, is that the locally generated signal can be
scal ed and subtracted fron1the i nput signal before it is presented to the
i nput signal bus that is used to 5 reticulate the input signal to all of
the correlator channels. The processor controls the scaling used. Using
this hardware, the processor firmare Ggn acquire and track a strong
signal . Under these conditions, the locally generated signal is a scaled
replica of the S|gnal fromone satellite that is present in the input
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20 severe urban environnents. !'n other cases, the availability of |ocation
i nformati on woul d be increased significantly over that provided by unai ded
conventlgﬂehnﬁa§ o eceivers C. Sinultaneous Code Phase Detgr1ioadioosu of
Miultiple Sate flte Signals To achieve the aiding scheme as described, an
SPS Receiver 1 of the present invention requires the ability to deternlne
the code phases for nultiple satellite signals at the sane 25 instant. In
this regard, FIG 3 depicts one such SPS Receiver 1. Cenerally, the SPS
Receiver 1 can be broken down into rqgghly three parts. The device has a
front-end circuit 97, three or nore correlators 18 and a m croprocessor 20
with nmenory. The follow ng describes the functions of each. Generally, the
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WO (12/0a9(3) 18 PCT/ AU(121110111a pseudor andom code signal 25 fromthe
code generator 24 running one ahead (early) and one behind {late) the code
of the i QMg gnal . I n other enbodi ments, the code geper/atoroodes nay
generate a third signal (pronpt) that is kept running synchronously with
the code of the incomng signal or, indeed, there nmay be several nore
signals spanning a lag interval of up to 1 chip (smallest code el enents)
early and | ate of the incom ng code. The correlator output sanples 29 are
read into the processor 20 where theyjsmre further processed by a signal
processing algorithmdescribed later in this specification to estimate the
anplitude, frequency and phase of the carrier signal. Then, if data is to
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20 Any SPS Receiver 1 enploying a hardware correlator 18 with several
signals in each channel is required to estinate the anplitude of the
carrier wopeasbs3of those several signals in the presence pfT/Abe/@asa. I n a
conventional receiver a phase |ocked |oop or a frequency |ocked | oop and a
del ay | ocked | oop control the frequency of the final down converter 21 and
the code generator 24 respectively. In the weak signal case however, the
signals are too weak to permit 25 locgin wthout the use of sone sort of
aiding froman auxiliary algorithm The signal processing algorithnms of the
present invention could be used as auxiliary algorithns for acquisition or
they nmay be used i ndependently of any phase-| ocked or frequency-I|ocked | oop
f or” bot RigAgeui ko8 AE vith as iidgatioN\bériod st 32msging trgriareshaict wiuid s sd bl e to
det ect sign fromindi.vi r 5429 with
e bl PlphergS e SGATE AR e eh 3R

suffici op _ I'n the weak”signal case, the
correl ator. Oﬁﬁagﬂlﬁer PRLARNSPoREBVRR AMRIbE Kstriadd dsihg tied gPpedxinicge location
shabl e

i ndi sti ngui romthe ngj se unl ess .the correl ator ling rate
S ext r GHBRPPEGRRctUET] toarther Wb PeRSTeC PRAVLTS TPE SOET Y e SORGT TUTE
SHEET; ( R4 -&q2ifd sign¥D T02/sB5@H 88/iR0thPaFdd uatiet betuency sBfst#fat ors 28 filtering
out the residual carrier at such a |low sanpling rate, the Doppl er frequency
and the crysSake aidesst prg wiellyg Rasdeemaiarpdnarsricld 5@%{8%‘6&8" g% i npracti cal
hi gh preghqicRa fordCR@intglsgielites hiiad efe dherreeteatatelite sinpaithe SaprpkiinAlg rat e needs

to be retained and a syitabl i IS i i gnd he
anpl i tuo‘i?d?)Phalsﬁg%F"(?EfptfH’f Ve(:“S‘rglrl ?’Jetgé)ger%ﬁa géllb%estg ﬁg{eggaéggﬁﬁgﬂégg?mg%%r ement s

32. FI G caf beeptingdte. df the eveurdsapf the aperaiginale BRFPR AMIMGIEE 23y re - anpl i t ude,
frequency and phase of: LGN e<lif0 @ARRINGDS [ @peakikten th ihataPsm xed

si gndf s §18?C$%§%§%?&E%gf§$°18 accor di ng to ong enbodi nent of this

i nvent i Oghse RS VRS Mgk all &It redainnb eatplites todberaequimy bitve 80 T Rd285<8 S6F a Fast
Fourier [Transform L ed 1itsay Bloo Slmddnt sasMbamdieamdaredtogdermihass t o
measur enBnts®3 e&Fggﬂgag%%fgfétor 18. The effect of this algorithmis to
conpr esstheltratioadd briggte®diedi er signal into a few bins of the FFT output 34.
Thus, whereas the satellite si i SClnal &t Y8Re Magmamein@y 1S
spread acrosgd" melepcﬁe’iaﬁ@‘et f%mg‘g%n%t {nhéssgérgr)ggéé:fcontﬁai r;éd. in t.hel cq%e4sphase
Meas Uk e MeREsto3Rquittenbughdisteditas e thus be g [ Medish sesf RO SIS ™ 34 _
ST iR et
seni - r and@eiitamninis adgs 8 R W SIP R &' Phe “Fiansi t1on falls in relation to
bot h t he 15 ni4egrasiopp.2peri od and the phase of the residual carrier at that
instant. Neverthel ess, having detected the probable nresents . at aqsatellite
signal it is Pedhedsndsiien ReEPEAN HRINS the?‘ﬁédpiegfag?agﬁ?&%‘ 'pfl?ein%a aargm' ndow

oper ajj onyFe=Ofe tGvild Eseobf filves: FFT out put 34 centered on the peak val ue.
More distant bins may be discarded conpletely. This is, sinpl .
filtering opeThetseconddreduericy§paeciadeque f\?ﬂf%ﬁ%@"*‘f ﬂ%“aéFij‘JF;‘JFEF%"%H% %%Trati 0
prior to non'lh%@?gﬂéls BF-Q8ES GkA@r Bon B stileedthrdimi. driel aperoptiate mgiad 37 t o
elimnate the data transitiaqgns. ,The r ini Wyfale, JdrBSthigzhbifie
MﬁndOMFfi|tergﬂ”@N@ngeg%mﬁ@v§ng%§%€§§§%%L@ﬁg%%@ o%ﬁggvéral ways in order
to estinate tksuangjusteddrestem’a il somedies duedpidisiilizgdi se and data as fol | ows:
1. The discarded bins may be zero filled and the, I &l o9k akd, NS can
then ke 25 B-ﬁf'\he@BI@‘O#F‘a‘ﬁé'?QﬂVﬁélﬂc%‘%RD”kdobeﬁﬁé EFYIe @%’?f@?ﬁgﬁﬁ%é' woul d resul t
in a set of ti.88 SQNBdLfRRAEatitanignals srapthbired aningyhs Trpresed 8 YRk to noi se
rati o which may then be t chnd i@ i0b bedmlatkr irequadcyaeghase

| ocked | oop OP%H@FSVCVo%ﬁéﬁgfgiggdég An iﬁve#se;%Q%Q§%%&gHga§hpe ef fected
as described ®bseewithgequRelia NFBaS9S IfMh LIRS PR B2 "Siared to renove the
‘data. The anplgchamiowalid ddipadearatbiliyngtnsingralasgio acoisitan imenHB¥eESLY mat ed by
transform ng back into. th en I hied Folif Evdrfuabpibeai N a few

bi ns é&nt ered Vtﬂ#ﬁ%&“’ﬁé‘?&?%%ﬁﬁ’ ‘ eggﬁggéd{bg%yi% ané gesaggrmgg'u%y

“al gori t hm sui tazhliedf ©n aveBEendis 43g of IRBroAimsHS "eerHE™ QrRYCTT BJliéncy of a’ ci ssoi d
enbedded i n nQjfRsham g echhigtionaldees of several FFT bins. It is inportant
to note that one effect of SUBSTI TUTE SHEET ( RULE 26) WO (12/059G3")
PCT/AIl (12/ (111 OG-~ 21 squaring the signal will be to double the frequency
of the residual carrier signal such that it may be aliased by the sanples.
This anbiguity will need to be resol ved when determining the frequency. 3.
The vector of renai ning wi ndowed bins may be autoconvol ved to renove the

data in 5 an autoconvol ution SWB%(:I‘?‘ﬁf‘TEgéHEEPi(ﬁUI{I:sZ@)qUi valent to squaring in

the tine domain but) if



t he nunber of bins in window filtered signal 37 is small conpared to the
size of the FFT 33, then the autoconvol ution process 36 may be | ess

conput at manedisys0ostly than the process described in optignr/Ruedaie) The
aut oconvol ved sanpl es 38 can then be processed by any estinmation algorithm
39 suitable for estimating the anplitude and to frequency of a cissoid
enbedded i n noi sy based on the val ues of several FFT bins. Again it is
inportant to realize that the frequency corresponding to each bin has been
doubl ed by the autoconvol ution process 36 and the bin wi dth has thus been
effectively halved for the purposes ok frequency estimation. The preferred
enbodi ment of the invention enploys option 3 for estimation of the

anplitude a dT eS| dual carri Er frecHJe'n c]' e RFE carrier frequency is
esti mat ed ag t&ﬁ?' jNEmessageIng ot Pe prgsived. TR Tould rRaihat thg pigations) sHye Fpi n -
OFx0" Fnom Fxo séledites:is Wiong Becaiee tRi-receiver icauld be eapydimimandsdilkrh Srotnhiee t ot al
frequency shif SLgHsﬁj bt errid i é?é?)dprﬂfe%mﬁgﬂ §e%“c9@ rgrqgelhé ehsnﬁi)eﬁ ragquency

shift due to t down conversion in t co[reaor c—hc@‘f I'n nunb
(bet ween - NI 2 d&ﬁ‘ifb(-’w Marg imiortepy: B oWe pEyeRE the pesudeRnge-ifesenses TeM(bRIBS FFT
(whi chsi s t he wembigtously deefmibduoieen e ctdeqheshs fonde Medsiemahts gvetd@ade. It

aut oconvol ut i Q,E&,(d m%mn%zthtahﬁe Qéé(é V\EHHE& FneQJaﬁé Wﬂ n&%%v%fagleiv% {129 uired and

aut oconvol ved bins co center e extracted
for esti mati nghifWeuigpisrent 66953%??&0\‘1?‘%"{?@?1@)9 COMAYRY-i Qe mepIER toilisFdkreof t he
nom nal peak b o sirfiply daeeratutsmamspse@bebeme@mtsadm(b fep PAOITHREIOMEI Ng tO

zero tag); (?E?J%]caie Ean%ﬁ Itlo("l% {ré% &Sms ool i pe Qs 284 r(djihsegl%g’t?(n CT{ARg/ QUG- 4 2~

NDis the fre ‘adj us rrent in Bins an frac Fons ot "B hSF el ative to
Np2) é8ti mat edvdyid lErﬁa$stMﬂ3fse§fé«Wérf@Ha e patelitn endhsuhseaypntishiglitasiadconvol ved

bi ns conput ed;deEQibBy hisovk E@d Riidre YsFéldedis de?&b@cf ki@ ah i dase thd 2ty © t he
crystal oscillator offset omits ,nqom R nc Fnom i s .t he nomi nal
RF carrier fre‘t‘fﬂ‘éﬁdﬁa"éﬂf”e?mﬂgrﬁlsg‘ﬁoa‘ffd bej‘ﬁsd % S"Wagg?ﬁge%é "WAVERS al

osci |l ator fr eaghievecly In Waichen, eényisiicy wiltin arourtdeliSmgoule siiloe dyridaily schjsuesi bl e to
reduce the CO@&H«SL@E'N%@H *‘EQ@ELsQéW toh&"x%ffe%ﬁémd?ﬂéQgﬁu%Sh@@eatlbﬁ chldi e 1 S
desirable, by utilizin ecise v dual carrier to
frequéncy as e%etq”ﬁﬁ?%ﬂ“gdi H’sf"’ﬁ@d ré?/‘fcoﬁz rﬁ"ﬁ’f%\e‘éaryét’f F%tﬁ é%rl od. For exanple,

- only those bing, eﬁo%%% nwatgchggﬁxeeawsgw% AREBEEAL O, ﬁewoﬂgs,aﬁﬂ%@smcgmut ed.

(2) Signal Smoot is traced

f r equencysieral mees tan 29&9 weaker dfanrife DWU&“@&?‘W@F“%‘%WWEH@“EF@C%Ps‘%c’pﬁ'| or to
bei ng pasgsidsbo2ddB®eloR il feak attBlov@ratiorHlaGe. M AdeiRincdbridub eeif-emteiticds ocsurch a
process orithm.illu tr ted is a block conputation applied to the
stored es?{%&?@g' O M5 mas'ré\e“e"rez r?nt egration periods (arbitrarily | abeled from

J Lo Ny 10 COMpYLEsfcPiiRilea &REmOTs Lﬂé‘l%ﬁélér%@élé.ﬁmé SBAASABY bregertt ehbmned
neasurenents far the final integrati n.per
much weaker signals frocm being acquired. ay occ.Jr in urban canyons, or close to
windows inside buildings or at the sides of multi-storey carparks where there are often too few

strong signals to permit a location to be estimated.

An alternative approach invoives the design of special hardware features into the
25 correlator to permit strong signals to be selectively and partly cancelled in the composite signai
as (or before) it enters the correlatar. This then reduces the dynamic range with which the rest
of the ccrrelator must cope thereby allowing more satellite signals to be acquired.

Fig 7 illustrates the hardware arrangement required. Each hardware channel
incorporates a final downconversion local oscillator generating @ complex sinusoid and a code
30 generator generating a real binary Gold code sequence. These locally generated signals are
muiltiplied together for correlation with the input signal and the frequency and phase of each is
contralled by the procasscr. So far, this is a similar arrangement to that in a normal GPS
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In the preferred enbodi nent, the al gorithm processes differences between
the estimates fromone satellite and those fromall the others rather than
processi R hhesegdsol ute estimates for 2o individual satelpetR802/d0064 r eason
for this is that in the preferred enbodi nent of the |ocation solver,

di fferences rather than absolute estimates are used because differences can
be processed without the need to take account of the frequency offset of
the reference oscillator. Al of the #?equency difference estimtes 40
corresponding to a particular satellite signal are sinply averaged in step
42. The average carrier frequency difference 43 is then used to 25 predict
forward in prediction step 44. This prediction step 44 is used for all but

the |at es&nﬁ@@?eﬁ@@ﬁ@at%oﬂ%ﬁ ekﬂ&%x%al@éerﬁé?éte& 8%k s @%ﬁé%énﬁ?hé‘ fhaf Ne | atest

measur enent 1 nstan fore averagin hem 1 n st he prediction step
. 44 uses aﬁ?wég‘%’i"ﬁ‘ﬁ’?éa‘gﬁifﬁ’ﬁlﬂglbeé‘fﬂa?é?'y@f"“‘ﬁ"ﬁéwéﬁ)ﬁ‘é"W‘i’t%ﬁf’ﬂerm ned fromstep 46
whi ch is based upon the difference between the Doppler offsets of the

carrier frequaRe€hajoFeiffarbacd) hawdbérhis titze the sdckiledenstattd pigh® karohd saled@hd t he code

47, step %tréc?eduf?o%gtgg %pgps r@ fx%%o?% rt[ é@%ﬁtgd ohﬁe ﬁ?&%lg%@%ﬁh%&?ggﬁﬂces 41 by

Nlntegrastlon erro I"'ow ng orrru ET (RULE
26) %O t@mueeatm iyxpgtssxgnpllto ail Qflﬂp#zcwelatoae*(anws O ProgResPr pANtreis AhaseaiRg/ (

Fcl- Fc2) )uygahere: PCT/ AUU2/t 1U11(i-4 11pl-~p2 is the predicted code phase
di fference 48 expressed as a fraction of a code epoch; the Frac function

yl el ds the f r g’g%&iﬁ\?n?.ql r}gceg;crtf%ﬂ’rg g%%g&rac%lﬁﬁg‘gﬁoﬁ t he

measur ed code predi cted nal
i ntegrati 'émﬂepﬂémempﬂdﬂ@sb @eﬂqﬁﬁé'mgéﬁﬁateéé‘émﬁ‘ E@ri‘?@}@ld %“@é’! BefisREdoM YW t he

tracking @Ataﬁéihkhérbreem irAhd |n?£tE@ﬁaIQWMl ‘ﬁwbﬂﬁnv&hﬁ@ca’h&h@r@éﬂh@@&dlwg gefor ned. to
nNce n.ave

T h dj c d

progu%e 44\ g'@ g él-gad Sé%ﬂa'léges'%a &Y E‘ﬂcoé’ezﬁte %P9, aﬁgﬁeg%dq%?’ fhe%é? 'Efm ty

Sol uti on @mmtﬁdaémhom BisinomjtoGurtee Riidsd siondl fayelethe snwase ganeagivsitse Jeateseussed,
a PV sol utd.enbi tﬁ%ﬁ&#é%&n&%m&@%e@?& R GEIME itkaBt Eﬁﬁsr SQfBuPERZRItions

di fferences have been processed ry he af orenentioned snoot hing al gorithm
FIG 6 15314 tF?J%%sfrafcef§t°t”I‘F€°Pi}°'§"1ﬁ%‘PWﬁ?° PR Is ¥d 3™ pP&t'%rred | ocati on

sol ver. The | ocation solver. which corrput es the location and vel ocity using
the refined aveeag dfacaty eith fhisesquenciy et he eeverserstion3f bath theannst signel code

phase dif %r?or e B@Q)yégnﬁrgtgg si %C‘JJ tZ\ﬁ's tﬁ@&:ﬁn}e!a\& & LQQQI'; %@ @§ar§2 RGN Egnal,

appr oXi maf'é T ecer v %é ﬁgrom nmate ranges
51 to allfopexampie rgaaflen e é%P'qsé’Pte%‘ﬁ"Eer- Ritge | 8'35}“&”‘?‘6’" Ge PRI are
conput ed. p§fdﬂ'ﬁ§:l rﬁdﬂy&n&@l&@hth ilificignosretisiom® B2ctan ecesupiply icendroligd panié! Ai di ng

Source 2) cztmcel tl eﬁe%' gﬁnyto kh’LVrRA Vb%sn’orttngsc\é Q\G cg"lcfafla%r:@ﬂ% defiodfae wiBit esi an

coor di nat €s 1te itions and rOXIn%%? | ocatj on 54,

whi ch wasﬂlﬁlagaiowrﬂ!ﬂ:li'fétﬁfﬁ?d t’fH'é" digitigatiep @&?ﬁ'e@t z'gﬂﬁfhfé“%ﬂ NRRPE MfYs of
t hese Jyech@reprlisbAied RiLHEatar RmB A @Xbi0Mh ant/angescaliy may be performed by

performing an exact (or nearly exact) cancellation for part of each integration period.

A receiver can be designed to utilize both weak and strong signals. When strong signals
are present, such a receiver operates normally to extract aimanac and ephemeris data and
measure pseudoranges or pseudorange differences. However, when they are not present the

25  receiver operates in weak signal mode. If the receiver has aiready extracted ephemeris data for
the satellites to be used in weak signal mode and has already determined its approximate
position then no aiding is required. If not then the recsiver can use aiding data from any

convenient aiding source.
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In step 56, the epoch anmbiguities are resolved and the average code phase
differences 25 49 are converted into pseudorange differences, 56. Al of

the appr Qud iBhRsJoanges 51 are subtracted from the approxi petauiangey of a
ref erence satel fl te {as selected for conputing the code phase differences)

to give approxi mate range differences. These are saved for |ater use as
wel|l as being used in resolving the epjl%ch anbiguities according to the
following formula: P1-P2 = int[(Rl-R2)Tc*Te-{D1-C~2)+0.5] + (01-r-J2)
SUBSTI TUTE SHEET (RULE 26) WO 112/ 059C39 24 Where: Cis the speed of
light; Te is the nom nal epoch period; Pl and P2 are the pseudoranges 56 of
satellites 1 and 2; PCT/AU(12/111111G4 5 RL and R2 are the approxi nate

range esti mat emefr@crewé#t@nsam ﬁmwaﬁ&ﬁémbe&e nbrkbdd & étx%n B@n&@gk%ném@ae
di fference bet

Q11 or onc B R Shotg ot ety 2Pk Brrisi a3 Ehus bheten §o b GaRF o
f r equency then iferemivewuEwilTh ta werysignaitmeddi nflhs ease.etroay signaks o sfilreed

accor di ng i Huhﬁe @M%@essfh@ iR re e @hstmctiof shd Saleff€ paditloR B ¥hSIR: C 1S

t he speed of d( S range rate difference 57 between
sat el I Pt ewf“'ﬁﬁgjges%qﬁﬁme\dfréw?k ﬁ'gﬁ‘aHﬂ%‘J al ternative enbodi ment or the

I nvention, the current |ocation estinmate 60 and t ~ current velocity
estimate 61 arRurtbermptet &ckceimersize pe B&signgd audmetehindivisuaitiamnelt oay batn Weak a

Si “9' e Upggﬁaef midbie que@n nB@ad 8akd OR tﬁ.g éatssrmel ﬁnalrptr&agg.rtd folm=1R f<§P§cH ecei ver.

I n true navigation can run far several
updat es t Sh?'ﬂ?'t"‘f‘?élf’ bp é?'?% Ihibe 83§ %@W”P‘\Ft@‘aﬂ%‘fﬂ FOTEIRRETRPENR3E hi s case
the sat el Woti@ tHeesdde bhheasudeent@astnictionh €rhe patallite fosftioonwbliebeeatipugcSoor ce 2. )

The Kal 20 K =
o W e S TR e o e o il SN dot R0 RO B O € O
and X i s elmansoforestions for ﬁft%h#éef?@ftes toretiarhindfly legation selutien: oFer Hiege vendti ty

esti Lmt es tha?\'ﬁeljel%cﬂ@aakfUp&rrﬂiﬂM@bb%oraﬁb@dwﬁ@bﬁcbﬁﬂo b8 kdHsuat@LidmallyXNed, is set
to the ap

roxi mat e ocation urce with zero velocity. The
first preg’ Elﬁb?)ﬁcr\?g% us'”%’ﬁﬁéﬁg‘w resoefut:on %c r%’waegapprom mate range differences
derived fromthe approxi mate ranges 51 and zero for the range rate
di ffer ences 57/ ai@uBSTHCTEFIEWSIHFETCERUISED e) receivers of either of these mixed mede

15 types would only request aiding data when it was needed. For telematics and autamatic vehicle
location systems, aiding data would only be needed if the receiver was in very cluttered
environments for long periods. In such applications, the use of weak signal technology may
avoid the need 1o use dead reckcning sensors such as gyrometers, accelerometers and
odometer pulse counting circuits as are sometimes used to provide accurate location tracking in

20 severe urban environments. In other cases, the availability of location information would be

increased significantly over that pravided by unaided conventional GPS receivers
C. Simultaneous Code Phase Determination of Multiple'Satellite Signals

To achieve the aiding scheme as described, an SPS Receiver 1 of the present inventicn
requires the ability to determine the code phases for multiple satellite signals at the same
25 instant. In this regard, FIG. 3 depicts cne such SPS Recsiver 1. Generally, the SPS Receiver 1
can be broken down into roughly three parts. The device has a froni-end circuit '17 thres or
more correlators 18 and a microprocessor 20 with memory. The following describes the

functions of each.

Gererally, the front-end circuit 17 serves as the initial signal procsssor as follows. The
30  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 interference ratios are minimized subject to economic and practical realization
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WO (12/ OS9G39 PCT/ AU02/ (1001~-1 25 The state covariance matrix, P, is
initialized to a diagonal matrix with the entries representing the

esti mat edyyddsdgpes of the approximate | ocation and vel ocptyAaesiowss es. The
| ocation variance estinmates nmay be obtained fromthe Aiding Source 2 or a
fixed value could be used. The initial velocity estinmate is zero and its
vari ance depends on the application. The S neasurenent variances can be
estimated as in a conventional receiyer except that the measurenent
variance matrix, R is no |longer diagonal. The fact that differences with a
reference satellite were conputed neans that the covariance terns between
the satellites are half of the value of the variance estimtes rather than

catel 1t ecpements” - t Id%'Q%ﬁh ieQBighd4) and the
catel it ée%igem?rﬂg Atd fg@)knd &‘ﬁ;gh Y@éftheﬂ?&t aRpel BRlddela b g

(? t%q gqtaw_g ;,o coSi nes
. and the cnenfe@ﬁlabﬁnééfs)f"ﬁ?e( nong F@F@ﬁ@%@?"af‘?‘ﬁ F'ﬁ%a’ F?f&%‘ 7 afcﬁjg neasirenent
matrix, Mighén BRdainbigaktesiogidajpicallytmessiralgitiz g thedicitzatan Wasidhe gt paple

benef i ci af, infurther, by S8 RRDLRFRIB] Wk 0b ddizesy st em

e%ralon terlaﬁg rggg qtr %algf t he
aut oconv alignettobstant. Sinceis TURSidpBHIE SRR} ?i‘feéEJMHFi”d T56F PORS® 8% H5 "5 Wei ght ed
aver agi ”Qsag{nglstu%nyp*ab@ lthi¢ Sigitil %lﬁbﬁi@afeb @y paiekancAle AxANMpIneinsfa whitentngise of
filter wou ﬁhfrtn ., + ("1-A)Y~.i Were Xi,j is the

magni t ude®¥ a"tt%mﬂfLﬁ 27874 He non. coher ently filtered autoconvol ved bins

at integration, P&%J"ré)ggrﬂegtcﬁ 18 edcﬁ rddiéehting a@rcﬁheﬁg ngtdénrLfb oL pattianlav edtellitens  at

i ntegration period onst an ter] e larger
t he val uesigifal &e Uﬁ?fbsaﬁﬁré‘ﬁyetf” f"l”l’?%’ Fﬁ%‘gf%g %?mfe’n? Umuqqg%ﬁ%nmg%@%ﬁ?ﬂ% ltering

has beggn ranwﬂdacbisol' P rWitten tdod comddaist 1efurtif d@wrecorveaw ﬂb(qéifd’%éfékn s

signals, there I ab GheeS bi it uiaasatdite
successf u?alsﬁ) tBQé? red.sg%goﬂégg%eg%ﬂ il Bie O?mr s

te nitude . sed inlieu
of the ci sigiatismhtpe estimpedsafispiphing CQQBS@FF%‘?'EQ{?,ﬁEE“rrT‘B%%Tégg‘@gSt“EV\O 02/ 0S9( 39
26 V& cl ajdpei kT ﬁ-ﬁé}pa{e}éﬁw@mﬂolemw%\@yecﬂ ggnal 22 is imifeA tMith fienGuiiHiEd | ot i on

of a recelver in t dfeH4aicliensaetigor i si n a
pl ural i tybﬁfa I‘S?lt?fnlaa/l psgté Iglt%ecgées %Fﬁé dné&r?(s:tb |’g1g%:.x ;% f%Q;Bga e%g;yﬁ‘! girt]q;J S onga
r e

carriggs f Bxgﬁgjend:genﬁf@edeb/rﬁ @df—’ densieydéd | §? Eﬁ‘i’&lggneﬁ%Wez ochs
cont ai ni ng1 SYhsh %gg?lzg agtehgaateé%teéb,se@:oraae@h vete dapal Xet @ el¢aRy raigcy ‘PF’T%‘FQ

tracki ng set o determ ning the
code phasé’“!se e5timatgd a%%?”ﬁﬁ?’r?gf?g ggﬁ{h@ﬁ%@é@d%ﬁ)gﬁg%gﬁﬁean ai di ng gource

to transmt an-appl ?éér@?&:@r 340431 deAlraie o lensepdedndem cadidsigriab2ipbaia hen and

velocity of a pI ura of satellites etrifigenes a
preci se | se@e ﬁ@ﬁSQH‘éPfﬁﬁgqnh%"dﬁﬁEPﬂkH?H I\eggc !%f Dl rgﬁ?&%%\(&&eﬂ Sitions,

the coge pharemnadd c@c&rs’grer%fns elqmameg'wtﬂ’! the éﬁ\@h@@%e”eé SIS &2 V& | S%anlg claimi1

wherein the preci A8t QL9 detifbiog ZBhBeahbisst2s ievaseen t he
code phasé™d Ségnla%% PCRLA 9 é};a} rW .

f'éerence si a and ea
addi t i onalantatigsdiiter, ang down 6arggsa e mE s@f’%? ﬁ? % amﬁcgrcgé’%ﬁngpﬂg@%gez é‘f \E/hg?a Transnmits
a request g@pkh@eddlibatsmincetednaporoximasptfiie Thissampia ije I8Y PeesvPlnsnits

an appr oxi_mat ocat i on £6ek iff be SAEInSEH &2iah eddeGpashm 1 wherei n
the recei \f@lm k"@ﬁltcgdeara"'j%{gh&?r?ae% @ﬁe%gﬂeetwofeencoded signal s using a search

met hod2d n kdweger, thisds H@@é$%? first detects and acquires stronger encoded

signals, if and when avail able tHeb£& Maakep
encoded si gnal ¥Yheg seqRUNGDEPEG NG, préjﬁeggﬁsblgﬁm%g&h?eﬁqﬁceﬁ?gcel ver 8%{E\Eum s

concur r entingesrsaesly bythe mqutreqoareougbaté?el starieaf eashgpiegration SRS MR SHEET (RULE

26) 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 altemative scheme the code
30 frequency 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 embaodiment, the processor 20 constantly adjusts

the code lag as just described so as ta keep the pseudorandom code signal 23 and late
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WO 02/0; 9(i 39 PCT/ AL102/ (111(1(a 27 6. The systemof claim1l wherein the
receiver restricts its search by estimting code phase differences for

addi ti ongyo gas8kisi tes after acquiring at |east one satellpefaudyoobhe 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,
transmts a request that includes th@aidentities of a plurality of
satellites and in response, the aiding source transnmts each satellite's

| ocation and velocity. 9, The systemof claim1 Werein the aiding source
determ nes and transmts the position and velocity or a plurality of

satel |1t SRelddd SHRONRSIN 5 FoRAHE ShacleRifbioN S LAY dHelaneddearhl) andtiat e Of
claim?9 erein the ai glsource deter mi nes y of the
[

I
o Bl 11 ybeang datelng pack o ENea MG RERr A" GRPeCTTLs MASHOR PETRFAR"
sat el | i t afay deRérateiaTRirdadfignab@edmyt) tiadt ist Kept rumrirey sysehranonsiyuitisthe aortd of H‘@

'; reggls \r/nef Sl}[')c%gwﬁr! %g[%glccif i ena hﬁ‘eré %g 88 Severktmork Myng¥ §;§a¢1mnefa 4 ifeRilor Wby €i N the

source recelver infornation selected from
a group ofhipr(emeliesteapds ?1¢'B?’i’f§)tq38¥lafidﬁ€tPGﬂtf‘?nﬁ‘“rl“ﬁ%%ptdteon speed; headi ng;

col it on; _and TODEEHRRSoM PrEPEALES S HE T OTE g ERpFRA g o
02/ 1159@ﬂo@€é'ddmu@2$lgmlb1®$31ns2monmm dRseribey tatasin tip seaciicaon tg eRHMR the

conpri si n&h;ﬁm@%l fle % E;%ndf ﬁasé’éﬂtﬁ@céﬂ'ﬁer@n ﬁ’é?e$r$énn|gddtﬂé% yexilane @ bécaise
informati o eSStemO

% L erelntt'ﬁ, Gl@ gr%rcefurther
t r ansni t sthe Aenah[§58g ??&F@ feoat NGRS aPﬂEe‘?“éB%ﬁ VerEs h taker. 14.
The syst eﬁl@dhihncihaﬂ operhRs whdireciaw stplesiodixinast the detee Mfetmﬂﬁér th?r“a‘f@rﬁrt@ t he

precise | peat] aQNFﬁdQJDbL,QQS{Q%Qg ¥Rk it Pebie call taker. 15. The system of claim
1 wherein { source eterm nes a precise location for the receiver

based upon i nfmé 'ﬂ‘@&deﬁé}/ Jf bt tradRe dafrensigriatsteeltnen osad tihestimetsehe Bepplet 6ffseThe
syst em of c rein.the r {didagroperation on
%es‘?énebsf V'\’/{Aﬁ e c(:,ﬂsttal osc.{ afr %*fse‘? Tl'fé%rf'ngga&c%r §ﬁ%@ r

the code BH enuated sl g for determning a
preci se | atatdueniyobedlorsiediy die ViR tVWé thg recsivpclandoie é?ffcé%'ﬂa“ﬂ“ga TP it e
si gnal g cgg\yem%.@g synchroni zation data conprising: receiving and storing

al mnac data foOr regional satellites by a receiver; sending an approxi mate
| ocation of thmekeprideedt erere:amtyaxmlaiectnnr@atstmmtwe=aﬂwlelsé§m@ﬁéémtﬁ?f"aa‘ﬁ%a'uest

far Blmu: gfl 5 eccgn%n\e/r o ’nong Eaﬁ& Ef 19 sat@ft Sbfid) BHcARE néﬁe@éﬂé\ 1B GhamhtHRld Bhstaritgnaes from

determ ni ng si nul t aneousl ses from
the set oﬂG§|0gﬁﬁlff§ntaﬁﬁ‘é W‘i‘éﬁ DE@r@WWﬁF‘%Ueéﬂnﬁlf*%’gﬂ %”pt' mcﬁs é?'(gg%rgmlase with
respect t @ shfehdd RIHeRrBine # tHehdumel has been detected. If it has, then an acguisition
20  procedure is commenced. The steps of an appropriate acquisition procadure will be obvicus 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 each other. A similar, but more
complex algorithm can be applied if 3 or more correlator output samples 29 are present. The

25 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 hardware correlator. The resulting
signal represents the code phase measurement 32. These code phase measurerments 32 are
then made available to the processor 20, The processor 20 then applies a smocthing algorithm

30 tothe code phase measurements 32 together with the carrier frequency estimates. This
algorithm is used to reduce the randam error in the code phase measurements 32 over time by
making use of the precisicn in the carrier frequency estimates to predict the changes in code
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sending a request including the identities of a set of satellites fromthe
receiver to the aiding source and returning the positions and velocities of
each reqwashpekest el lite; determ ning a position sol uti onpaispgddie

approxi mate | ocation, al manac data) code phase differences and satellite
posi tions; and SUBSTI TUTE SHEET { RULE 26) WO 42/ (1; 9C39 PCT/ AU02/ 00( I C~-1
29 18. The nethod of claim 17 further conprising sending receiver data to
the aiding source. 19. The nethod of,glaim18 wherein said receiver data is
data froma group of data including: receiver |ocation; receiver speed;
recei ver headi ng; receiver height; receiver solution node; satellite
identifies used by the receiver in determination of a |location solution;

and recel el ﬂ%ﬁ‘\toeﬁg rﬂtééf%xoﬁ Bdfdid %Ehth' fthe E@E'ﬁﬁﬁ als@ﬂters th@ ciRéltREudiey Cl ai m 17

further 80 receiver. data from:t % source to a call

t aker . ZPSt'fﬂﬂ’é%ﬁ tﬁﬁdﬁ%th@f "aBF%H’ f{ro8- \XP@W%%&‘?”&!“Q%@E’V\%? gsf"geq &ef8t 2 from a
group of tmgaa@umeml udi ng: receiver |ocation; receiver speed; receiver

headi ng; receiver height; receiver solution node; satellite identities used
by receiver i Aftaleevsraisarandson sopothingdive seeands bithr Prefarrecherabqditpesitvige

gleg Sr gCT?%I"I Pgﬁomaésdecbhééﬁﬁaeé&e@nen&éa&meﬁ%d &ﬂﬁﬁe&@%@ﬁ&hms av O 112/ 0;

t of .cl al S
det ect i nd’asséé(ﬁ% h? OHé‘OBﬁBlV?rr"g‘é% ?&mgﬁgﬁ gEgl 8eéver§1 ?Jn\é@nng V%IOQIQ' g-lrl?%l i tude
si gnal s esigodithmi makeb usshof aresisa sathllitgrposilianddis anﬁrtf@ﬁwbdmat&llwﬂ@i geeiedat a some

| evel a”qro'nﬁhéHﬁlﬁ§§alreée'msrc§féuist‘?d#\ i GesBfided M rﬁéree&gﬁétesmﬁl@h@cuh@mberhacqun red
before nore atten

ated signals cIa|m22 in a
f r equencSnaPRCES ISe AT S P?’B’Pﬁ@%‘oﬁ?"i"?)r’ge%g %‘%Oé’ﬁ"”?lfé%ﬁ %%&ﬁctl on of
t he sear ghodasgared.ude threshold value. 2Q The nethod of claim17 wherein
the step of determining a position solution includes a determ nation of
pseudorar@,e&atelbteesam| Bracessing Algesities sai d code phase differences. 25. The
met hod of claim 24 wherein saj

f
cal cul at ed appf 85V IREYE" Y3 §RE a?om‘éﬁa'ﬂ" P ‘@%k%g sgtg elssﬁH%%'%Qg%% i Gadfigle using

determine its code phase differences for purposes of calculating a PV sclution from them. To
this end, the invention utilizes an algorithm to measure ampiitude, frequency and phase of the
satellite signal. The inventicn also applies a smoothing procedure to the code phase

—
in

measurements and ihe carrier frequency estimates to reduce random errcrs occurring Qver
time. Finally, a formula is applied to convert the code phase differences into a precise position

and velocity solution. Each algorithm is addressed in tumn.
(1) Estimating Amplitude, Frequency and Phase of Weak Satellite Signal

20 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
generator 24 respectively. In the weak signal case however, the signals are too weak to permit

25 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 acquisition

and tracking.
With strong signals it is possible to detect a signal from individual correlator autput
30 samples 29 with sufficient reliability to permit lock-in. In the weak signal case, the correlator
output samples 29 are so noisy that the signal is indistinguishable from the noise unless the
correlator output sampling rate is extremely low (e.g. 8 Hz for GPS). However, to avoid the
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26. The nethod of claim 25 wherein said approxi mate ranges are cal cul ated
using the approxi mate | ocation and the satellite positions. 27. A device
far use iyio@saksd system for determ ning a precise |ocatiporismifmepr esence
of attenuated satellite signals conprising: a transm ssion neans for
sendi ng requests for its approximate |ocation and satellite identities to
an external aiding source; a reception neans for receiving the approxinate
| ocation and satellite positions and ﬁﬁlocities fromthe external aiding
source; an antenna to receive transmtted satellite signals; a circuit to
filter and sanple the signals received at the antenna; a plurality of

signal correllators each for detecting) acquiring and tracking a signal;

and a control circujt. includin ) I : TUTE SHEET
(RoLE 56y DeShpibrsh s S iR SPUEGH 10 = GriRapale, we Jopb TS OHEET

. det er mi nefedusscycnd thephaiabossiiiaiop piiset wruldhaye tarbgikpewn tgEn derraeticddiShacqui red and
tracked SLELLAT £eclREe! Sribilr Eivaiitbtbuul anoR rals gass 1o e retddeatant s and usi ng

id cod i , det t . ' ] th
evi co. - DBLTaNRGBIT G aieg Far TS URBPERRe s EsAEd e e S8l o

si gnal scophaskInaiasurerberde®.upon t he recei ved approxi mate | ocation and stored
al mnac data. 29. The device of claim27 wherein control c{lrcurilt ag%fects
signal det ect | BE- 4 derigts &iPwstnegiRjen ARtBASEeLP gisaT e YPUEeqRFEYYEE ore nore
at t enuat egdpsaGRMk Sighdl FEMGRESST tebatly ant neasikaigigaals 89 pishatarelatartiBut si gnal
integration period and su L =T ol 0PIHE bEdeddrd heshalek val ue.
30. The d&GFEE"LP o a’l‘?ﬁdﬁ‘g&‘&ﬁ@b‘gﬁ‘k?’(‘%t'ﬁg' %%f%r??go‘?m}:c??g&{p effe jt_ns a frequency
range sweepe gird foast Foorieraleanside 38 $87/¢E 19 2RIoRk el TPl PR &8P PRl i t ude
threshgl d akyemerddan Fie @aviags 18f Tie dtbemcBisiatorithin tto thepresnte aisideslr cui t
conputes estimated Doppler offs (AT Jnegguenci es of
t he sat el IR §$’EH‘.¥P§Q§’§F‘ﬁﬁorst%%Eﬁoﬁuﬁ%ﬂ;&%ggﬂzﬁ%ﬁ g’%@g@g%gsgnmg‘ﬁ tjire and
t he appr oxing@ésadioemnitornergy seprepd agrogsiab of P HTRFRMAIN s cgpiaingg B Yigayi ce or
cl ai m 27 vhel 8lle EQ%uFé?ﬁdHnEsOiﬁ, ﬁisfo%ﬁcbbl@wmélbi%ofm&e?m’mumg% liawesercts acqui r ed
satellite Uusi sal d code phase offsets, an J | gt e ranges
g@s P@tdé‘?q}lé ast%‘&gﬁﬂ%ﬁ:ﬂﬁ? g'xe a% l'?Odﬁ@JIO%LE ﬂg ﬁ'lg s??m{e%n

derived f rampli I"6Cation and satellite positjons. 33.
In a receipétiech Baderd edaievesnssin g sathsrafidaonmanaeredepending on wheredae rangiion £8° own
location t.o be conputiedinased, Aok i Bk phRABEENE FeilLdl bariknawnt stattonput ed

| ocat i ons Bf*TRoSe satel lTtes and which incor porates a hardware correl ator,
a method for phEeEHeagnivig cigraliss mbbabkeresere of asaelito sOpRlt IS RPSHPEE t o
estimate the a itude and fr . Of I it HeFalougi4 0 det ect
the presenf€Ecdt Cb 055‘6%1'?&: byc%cﬁ%g}g%%lyg&porp %’Egosn(s\ﬁ?r?é:jela&rre egeq L ;b ngl, sanpl es
over a fi xeherattangnendal naipe rMe@ diseBENg TRyNE CSERESE (ORBI ’g?ﬁ s 5(% gf/ (159639
PCT/ AUGd 2/ §1rkRd e frtichard stpmiEA R ingows ktheGignsidoracissf ratidasios lmeNdaeaii t hi n an

Integrati O;?ro e%[:.i!-\é) Sf?het \Ar}uﬁ"dow-ﬂltered signal 37 to eliminate the data transitions. The remaining

windowed bins in the window-filtered signail 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:

1. The discarded bins may be zero filled and the complete set of bins can then be
inverse transformed back to the time domain. This would result in a set of time domain
samples with significantly improved signal to noise ratio which may then be processed
such as to effect lock-in of a phase locked loop or delay locked loop.

19
L

2 An inverse transform may be effected as described above and the time domain
samples may be squared to remove the data. The amplitude of the resulting signal

30 could then be estimated by transforming back into the frequency domain using a DFT to
obtain a few bins centered on the previous FFT peak and applying any estimation
algorithm suitable for estimating the amplitude and frequency of a cissoid embedded in
noise basad on the values of several FFT bins. Itis important io note that one effect of
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frequency domain in frequency bins; identifying a peak frequency bin
containing the | argest conplex nmagnitude; applying a filter process

i nvol vi ngyd hge@ppl i cation of a window to the frequency bipstmubindbe w ndow
centered on the peak frequency bin; estimating the anplitude and frequency
of the signal fromthe w ndowed bins; detecting the presence of a signa
with the estimted frequency and anplitude; 34. The nethod of claim 33
wherein said transform ng step involveg the use of a transform nethod from
a group or 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 includes the autoconvolution of the

vector of w nd(@%\@g r{fé{ﬁn\?j{gﬂ# gé iorgoﬂa%ﬁﬁetﬂla&e‘ﬁw &Gl SreSfiudlsdrAerisigABisutn Bas.  36.

The net hod of*® In sald step of detecting the presence of a
. signal i ncl udesasbediaputysemsamries: Eﬂﬁﬁ'@Bg‘BWV‘FW'@&E&W%‘%‘ﬁdﬁP@FES to see if
they are consaegr@mng tiee/freqliB®eyret hod of claim 33 wherein said step of
detecting the presence of a signal includes a conparison of the estimated
anpl i tude wi td Tae véuteshediningl wslowgBbinsThey breauiesanveiveg foarmPEtaARR S n sai d

step qf detecl] DEbbRRIRESSBESS 381 Tis & egialient 1ersgbaingiimaé telesoraaic bapiar i son of
a nunber of frequenc

y estimates _to see if, .they ar i The
met hod as i n B¢ 8rAeess’ HRRIPAMFOM er%'f%%‘?l %,r‘%swélbqgaepggg\?\f {h%ts? Ergf i3 ?)9(?(.1
i ntegration pss ired treedutdcomaluibroprocess Bmey beiesseeapriationaly eshoYa” 18] ue set to

hi ah val . H Y rdféH he39
g CTI/ ,%\UO\ZI? ( :JFI érg?e%sﬁg%kbe%%;gﬁcﬁ%v% Frd altbidntrovid)samp¥O38) 2driibet b

stronger signals and progressively | | onger
fixed i ntegr apPersseslY Y eaiERtQ" F'Q&@?m t’%f“é@wgmg?}ﬂ%@g &'8 ‘@gﬁi g%%maeaker
signals. 40. Fhpendtdiadisedid ehpddded noisebasien ot the velheesateial FAF BBSi s set
using a function of .the £ ' ' ifaQ8 egtnHireiEs Qe Y
detected si gnafen ET'mwgrg?rfgﬁé%%d%%%gﬂé&%[gr%gp%%‘?g?h&t he function sets the
~threshol d val deibisdfoyites atacPyvoiigPreEst 2tRNSENe HR Wit e NBr°RT 855" correl ati on
with the previhgus i HebessRE ostegnercy edttnatidhe net hod of clai m 39 wherein the
fixed integration period is set using a function of a fixed iq@gr@%i on
period use@ prefertddembetieeti athedtveatiopeaploptiertisn g ipaesingURGT HYAER (RULE

26) Ak A Ai\ A T’(g‘\%:ﬁ%;:‘ ArneMr Arrier Pquedtylis ALima¥E aAMlow:
AU A .A%T\‘%“."' A AN AFLLAY . As. A L. ASL. AsL. As'. AL. Ass. AL. A" . Ass e"n
Fec = Fd1 + Fd2 + (Np1 + (Np2 — Nnom + NA)/2)"Foin - AFxo*Fnom/Fxo
Where:
Fc is the RF carrier frequency.
Fd1 is the total frequency shift due to the front-end down conversion;

20 Fd2 is the frequency shift due to the down conversion in the correlator;

'Np1 is the bin number (between —N/2 and (N/2+1)) for an N-point FFT) of the
peak in the FFT (which is the center bin of those extracted for performing the

autoconvolution);

Np2 is the bin number of the peak bin in the autoccnvalved bins computed
25 (which is the center bin of those extracted for estimating the amplitude and

frequency);
Nnom is the bin number of the nominal peak bin in the autoconvolved bins

computed (i.e. corresponding to zero fag);
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Oh. Po2Ni | oz]| } xsmhb] X] ca] caU] ca] caU] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] cal] c
a] CB?] ca] cal ca] ca] ca]ca]ca] ca]calcaUca]caUcalc2a |2 p

LT THWEH it #R@ ' *u, ,, F-..!1.$. F// kOzuoj d_ZU] ca] ca] set/heal,enk] cal cal c
a] ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] cal] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a] cal k0112>2255e666A7\ 7_7b7V9: ;

Z===">f >>>@CA" AaAdApAr AABC{ upj e [ V] ] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca] c
a] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] caj€a] ca] ca] ca] ca] ca] ca] ca] ca! BCEEI LKcL~L
LL* MM NN2CoOP\ PPP>(QKQQOMRRRRRRRSSSRUzZt 0j e [ V] ] ca] ca] ca] ca] ca] cal] ca] cal] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] cal] ca]ca]ca]caJca]calR
UxUUV: WZ[ Myl 111117 _ddf hhhhjmqgltttttt}xsnhc] Xje [V]]]caU] ca] cal] ca]ca] ca]

ca] ca] ca] cal] ca] qgils ¢alieal&rl aalasbaah eat sadhsadaadbraldald @ea] cal cal ca] ¢

ajJ caj ca

ttt& ky ! Qo2RXzupkf edtiviaief b poalysisalf severshidiacpatdins af thajaste lged @7 ca] ca] caU] c
a] ca] ca] ca] ca] ca]j ca,]:;ﬁ%]]@g ca] cal] ca] cal] ca] ctg? ca{ca} X fqu % e cal ca] cal]
LZ1"=@ORe~yt oi d_ZU] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca]ca]c
a] ca] ca] ca] ca] ca]rea i€ s oa) wiatlot af cadijat BfF G a] ca] ca! | ~V47: DGYaD~yt oi d*Yid_ZU] c
a] caU] ca] caU] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] cau
] ca] cal] ca] ca] ca]arxp tsaheaystal oscillator offset from its nominal frequency;

D>$630 no3\ g<" % 25nuzuoj e [ V]] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca]ca]c
a] ca] cal] ca] cal] capaag thahominekcRr edrsa freqiecey] of tlecigheladeia] ca! , nr { Dw

4JN\ ~e| wr mhc] X] 1] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal ca
] ca] ca] ca] ca] ca] o%pmt]ﬂcaq@aff@a}s T&?é{]’téfafjeéa@“%No] 6: F' ~ytni cAYmhc] X]]]] ca] cau

I calcall cal CM% nggfi%]scba ng t%fﬁ;d it Ie]ugraé]d a=-]t l u?a?c%ﬂa?%]ag Ca] ca] ca] ca

]cajcalca]c

]$(I;|;I I(E T%agn?pb@cﬁfghd Jf ere :sa]sm]dia]yw]m;r]rwqr%\@ak cttbk csldoal|cerEe a] ca] ca] cal ca
i G2h6R106H SRbE At & LM SV BREBENS Xeatic”Yi e [ V]

Lf]gfl‘ig?ﬁ?f&%i;ﬁa@w@ﬁca@%g:j& cad Com & eq] cal ca] caV] ca]ca] ca] ca]ca] caV]ca] ca]c

[ty YUPMIBE-" 9" (((((>))*~ysni d_Z]
a] cal| ca(fcg'ﬁﬂ%{ /{i [®au caj ca] ca] ca] ca] cg] c:a] cal] ga][ cfja] g!a} gg{ﬂcggfgzifﬂaa:g?g]af
ca] ca] Ca WJ\ d% ;#hg S (%r)lal is Lracaed Lhe code pnase and frenuenc,l zstimates ma dFbe refined by a

] ca] caU] %aa]ee arpeoé']'&awfeaase 8(’5]’&%]’%%(] é?%% ?)6)& °6§]°8§]’€%f] %éf] g] 845]5 ?LE?L gf (l:J
a] calicalznabScess] O¥e aior(thm iLat08d io &bibdk ®IrPUatity pplied:to the Gish&t 45 @es

' 10% R& §,3q. F%Eg%gégpgpr( %emég (%%lltp‘#%@'é@@&fr‘g% JtoN)to compute a s.nc!e set of

* #10%&! ( o
10% o0& (Teasuwem@%s&eqep gfgig\eﬁf@'%aa.lr s fof t§$ a% @txcr) pqno%lo% R nwx9! 0

R&()-t #10%"9 € pre(fgrreo embodxmg}t the alg§ntIM'1 Eﬂ%c/gsgégé r.(n}erénc@s Mtv@él@thégés(nawat‘és 10’ o
from one satellite and those from all the others rather than processing the absolute estimates for
20  individual satellites. The reason for this is that in the preferred embodiment of the location
solver, differencas rather than absalute estimates are used because differences can be
processed without the need to take account of the frequency offset of the reference oscillator.

All of the frequency difference estimates 40 corresponding to a particular satelfite signal
are simply averaged in step 42. The average carrier frequency difference 43 is then used 10
25  predict forward in prediction step 44. This prediction step 44 is used for all but the latest code
phase differences 41 for that satellite to the latest measurement instant before averaging them
in step 45. The prediction step 44 uses an estimated Doppler offset of the code 47 determined
from step 46 which is based upon the difference between the Doppler offsets of the carrier
frequency (Foi-Fc2). With the eétimated Doppler offset of the code 47, step 44 is used to
30  predict forward the code phase differences 41 by N integration periods using the following

formula:
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where:

Ap1-Ap2 is the predicted code phase difference 48 expressed as a fraction of a

code epoch;

5 the Frac function yields the fractional component of the real argument;

Ami-Am2 is the measured code phase (41) to be predicted forward;

Tip is the nominal integration period;
Te is the code epach period as determined from the tracking algorithm; and
All ather quantities are as previously defined.

10 The predicted code phase differences are then averaged in step 45 to produce an average code

phase difference 48.
(3) Position and Velocity Solution Computation using Code Phase Differences

As previcusly discussed, a PV soluticn is computed by the SPS Receiver 1 after code
phase differences have been processed by the aforementicned smoothing algorithm. FIG. &

15 illustrates the PV solution process used by a preferred location solver. The location solver,
which computes the locaticn and velocity using the refined average carrier frequency
differences 42, the average code phase differences 49, the precise satellite pasitions 52 and the
approximate receiver location 54 as follows.

In step 50, approximate ranges 51 to all of the satellites for which there are
20  measurements are computed. Since the satellite positions 52 are supplied by the Aiding Source
2, this step simply involves the vectér difference of the Cartesian coordinates of the satellite
positions and the approximate location 54, which was also supplied by the Aiding Source 2.
The vector magnitudes of these vector differences are approximate ranges 51.

In step 55, the epoch ambiguities are resolved and the average code phase differences
25 49 are converied into pseudorange differences 56. All of the approximate ranges 51 are
subtracted from the approximate range of a reference satellite (as selected for computing the
code phase differences) o give approximate range differences. These are saved for later use
as well as being usad in resolving the spoch ambiguities according ‘o the following formula:

P1-P2 = int{(R1-R2)/c*Te-(©1-@2)+0.5] + (©1-82)
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In step 58, the range rate differences 57 are calculated from the Doppler affected average

carrier frequency differences 43. The range rate differences 57 are computed accarding to the
formuta:
10 d(R1-R2)/dt = -¢c*(Fc1-Fc2)/Fnom
where:
¢ is the speed of light and
d(R1-R2)/dt is range rate difference 57 between satellite 1 and satellite 2.

In one alternative embodiment of the invention, the current location estimate 60 and

s current velocity estimate 61 are computed in step 59 by a method similar to that for a single

13
update of a Kalman navigation filter in a traditional SPS receiver. in fact, if time allows, a true
navigation filter can be 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 Aiding Scurce 2.)
The Kaiman gain matrix, K, is given by the well-known equation:

20 K= PMT(MPM'+R)"

and

X = Xpur + K(Y - Yeren)
where Y is the measurement vector and X is the solution state vector containing the

location and velocity estimates.

25 Using this equation, the initial state vector, X, is set to the approximate location from the
aiding source with zero velacity. The first prediction vector, Yeren, is set to the approximate
range differences derived from the approximate ranges 51 and zero for the range rate

differences 57.
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0)- %e%(ergnce%atglhte were computed means that the covariance terms between the sateliites 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

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

An additional signal processing step has been found to be beneficial in further improving
the attainable sensitivity of the system. This involves non-coherent integration by filtering the
magnitudes of the autoccnvolved bins acrcss the conerent integration pericds using a weighted
averaging filter prior to picking the peak. An examgle of this type of filter would be:

15 Xi.j = A * (1'A)Y).j

Where X;; is the magnitude of the ith bin of the non-ccherently filtered autoconvolved bins at
integration period j, Y;; is the ith bin of the autoconvolved bins at integration period j and Als a

constant filtering coefficient. The larger ihe value of A, the greater the degree of filtering.

Non-coherent fittering has been found to improve the robusiness of the tracking of weak
20  signals, thereby lowering the signal level at which signals can be successfully captured and
tracked. The filterad magnitude is used in lieu of the cisaid amplitude estimate
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1. An SPS system for identifying the location of a receiver in the presence of sateliite
signal attenuation comprising: '

a plurality of orbital satellites sending synchronized encoded signals on a carrier
frequency wherein said encoded signals have repeated epochs containing
synchronization data; '

a receiver for detecting, acquiring, tracking a set of the encoded signals and
simultaneously determining the code phases of said set with respect to said epachs; and

an aiding source to transmit an approximate location of the receiver and the

position and velocity of a plurality of satellites;

wherein the recsiver determines a precise location using the appreximate

location, the satellite positicns, the code phases and carrier frequency differences.

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

additional signals.

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

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.

5. The system of claim 1 wherein the receiver conducts concurrent searches for multiple

satellites signals.
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phase drfferences for additional satellltes arter acquiring at least ane satellite.

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 satellite’s location and velocity.

9. The system of claim 1 wherein the aiding source determines and transmits the

positicn and velocity of a plurality of satellites in respcnse to a request from the receiver.

10. The system of claim 9 wherein the aiding source determines lccation and velocity of
the plurality of sateilites using ephemerides data received from the satellites, the time of
receipt of the receiver's request and the transmissicn latency of the request.

11. The system of claim 1 wherein the recsiver wansmits to the aiding source receiver
information selected frem a group of receiver information including:

location;

speed;

heading;

height;

solution mode;

satelfite identities used in a recent location salution; and

code phase differences.
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13. The system of claim 12 wherein the aiding source further transmits the approximate

location of the receiver to the call taker.

14. The systemn of claim 12 wherein the aiding saurce further transmits the precise

location of the recaiver to the call taker.

15. The system of claim 1 wherein the aiding source determines a precise location for

the receiver basad upon information that was transmitted from the recaiver.

16. The system of claim 1 wherein the receiver performs a smocthing operation on the

code phases of the attenuated signals.

17. 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 receiver,;

sending an approximate location of the receiver from an aiding source in

response to a request from the receiver,

detecting, acquiring and tracking a set of signals from a plurality of satellites;
determining simultaneously the code phases from the set of signals and then
determining an offset far each code phase with respect to a reference code phase;

sending a request including the identities of a set of satellites from the receiver to
the aiding source and returning the positions and velocities of each requested satellite;

determining a position solution using the approximate location, almanac data,

code phase differences and satellite positions; and
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receiver speed;

recziver heading;
receiver height;
receiver solution mode;

satellite identities used by the recesiver in determination of a locaticn soiuticn;
and

recsiver determined ccde phase differences.

20. The method cf claim 17 further comprising sending receiver data from the aiding
source to a call taker.

21. The methed 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.
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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
starls at a some level and is successively reduced to allow stronger signals to be
acquired before more attenuated signals.

23. The method of claim 22 wherein a frequency range sweep is performed prior to
each successive reduction of the search amplitude threshold vaiue.

24. The method of claim 17 wherein the step of determining a position solution includes

a determination of pseudoranges to each satellite using said code phase differences.

25. The method of claim 24 wherein said determination of pseudaranges is made using
calculated approximate ranges to each tracked sateilite.

26. The method of claim 25 wherein said approximaie ranges.are calcuiated using the
approximate location and the satellite positions.

27. A device for usa in an SPS system for determining a brecise location in the
presence of attenuated satellite signals comprising:

a transmissicn means for sending requests for its approximate location and
satellite identities to an external aiding source;

a reception means for receiving the approximate location and satellite positions
and velocities from the extemal aiding source;

an antenna to receive transmitted satellite signals;
a circuit to filter and sample the signals recsived at the antenna;

a plurality of signal correllators each for detecting, acquiring and tracking a
signal; and

a control circuit including a processar and memory;
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acquired and tracked satelfite signals in the plurality of signai correilators and using said
code phase offsets in a determination of a location solution for the device.

2B. The device of claim 27 wherein the control circuit adjusts a signal correllator based
upon the received approximate location and stored almanac data.

29. The device of claim 27 wherein control circuit effects signal detection in which
stronger encoded signals are acquired before more attenuated signals by successively
increasing a correlator output signal integration period and successively recucing an
amplitude thresheld vaiue,

30. The device of claim 29 wherein the contrel circuit effects a frequency range sweep

prior to each successive reduction of the search amplitude threshoid vaiue.

31. The device of claim 30 in which the control circuit computes estimated Dopoler
offsats of the carrier and code frequencies of the satellite signals using stored almanac

data, the approximate time and the approximate location to restrict the frequency range.

32. The device of claim 27 wherein the control circuit computes pseudoranges to each
acquired satellite using said code phase offsets and calculated approximate ranges
derived from the received approximate location and satellite positions.

33. 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
carrelator 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;
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applying a filter process mvolvmg‘fhe application of a window fo the frequericy

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;

24, 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
autoconvoluticn of the vecter of windowed bins to sliminate the effects of data

transitions.

36. The methed 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 signai
includes a comparison of the estimated amplitude with a threshold value.

38. The method of claim 37 wherein said step of detecting the presence of a signal
further includes a comparison of a number of frequency estimates to see if they are

consistent.

39. The method as in claim 38 wherein the steps are repeated with the fixed integration
pericd set to a short time frame and the threshold value set to a high value to detect
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stronger signals and progressively using a longer fixed integration period and a lower
threshold value to detect weaker signals.

40. The method of claim 39 wherein the threshold value is set using a function of the
measured carrier amplitude for a previously detected signal.

41. The methaod of claim 40 wherein the function sets the threshold vaiue sufficiently
high to reduce the affect of cross correlation with the praviously detected signal.

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