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[ 0000] Thi swgg?d 8?6';57% clainms priority to U.S. Provisional Applicati B 2007
‘Seri al 4'6} é O filed on August 2, 2002. Technical Field [0001] The
present. description relates generally to satellite positioning system
receivers and, nore particularly, to an alpparatus and nethod for tine

mai ntenance within a satellite positioning systemreceiver. Description of

t he Rel ated uch th obal
posi tioni ng %Mgi@bﬁg@ ﬁ&iﬁé wﬁﬁﬁ%@éﬂw ‘gﬁ%‘:ﬁaﬁg‘ﬁl he
position of a GPS receiver. §N5 R n a fixed location, in
a.nobile | ocation such as an autom)bl le or ship, or incorporated into a -
handhel d device. In sone cases, the GPS receiver is integrated wth a

wi rel ess comuni cation device, suchBACKGBOUMNDar tel ephone or personal
communi cations system (PCS) device. [0003] FIG 1 is a block diagram
depicting the operation of a conventional GPS receiver 10 having an antenna

12. The recel éer !é ie&el ves signals froma plurality of satellites 14-20

via wrel ess s links 22-28, respectively. Based on tinme of

arrival measfgneeEent s kaﬁWaPﬁ?caﬁé’i elaiht %ﬁloﬁﬁf &P U.§ "BroiRon &Fﬁ?gﬂéﬁmﬁ%eh%l abl e
a

to accurately calculate i osition i'n three-dinmension ace

accur acy of Nhe60/‘1@@si7ﬂlfd¢ddefxegwtﬁ,eﬂ)oﬁy the GPS unit 10 requires accurate
timng information so that the position of the satellites 14-20 are
precisely known. [0004] Typically, the GPS receiver 10 generates a highly

accurate ti MR, § t as part of the navigation fix. The GPS receiver 10
recejves ephvrréﬁ%%a and time information froma plurality of satellite

vehi gl es ( SMpooTjhe ti Meneapresvdi @bscEipatn $fated kamemy o @aélﬁtenpdélmﬁlﬂaeéy@fe&@d to
herein as "signal tinme" to indicate the tine at which
receivers and, more parficularly, to an apparatus and method for time maintenance

within a satellite positioning system receiver.

Descrpiion of the Related Axt

[0002] Satellite positioning systemis, such as the global positioning system
(GPS) use a plurality of satellites to calculate the position of a GPS receiver. The GPS
receiver may be in a fixed location, in a mobile location such as an automobile or ship,
or incorporated into a handheld device. In some cases, the GPS receiver is integrated
with a wireless communication device, such as a cellular telephone or personal
communications system (PCS) device.

) [0003] FIG. 1 1s a block diagram depicting the operatioﬁ of a conventional GPS
receiver 10 having an antenna 12. The receiver 10 receives signals from a plurality of
satellites 14-20 via wireless communications links 22-28, respectively. Based on time
of arrival measurements from the satellites 14-20, the GPS receiver 10 is able to
accurately calculate its position in three-dimensional space. The accuracy of the
position determined by the GPS unit 10 requires accurate timing information so that the
position of the satellites 14-20 are precisely known.

[0004] Typically, the GPS receiver 10 generates a highly accurate time estimate
as part of the navigation fix. The GPS receiver 10 receives ephemeris data and time
information from a plurality of satellite vehicles (SV). The time at which each SV
transmits data may be referred to herein as “signal time” to indicate the time at which

the data signal was transmitted from the SV. In contrast, the term “real-time” is used



the data signal was transnmtted fromthe SV. In contrast, the term

"real -tinme" is used W 20041013649 2 FEB 2007 2 herein to refer to the
local tinme nmaintained with in the GPS receiver. As those skilled |[pzég§ggﬁrt
will appred¥QRe®4/0i3dt e is a propagation tine delay of approximtely

m | |iseconds dependi ng upon the distance between the SV in the GPS receiver
10. The difference between the signal t2me and the real tine is sonetines
referred to as the pseudorange. G ven the epheneris data and signal tine
froma plurality of SVs, the GPS receiver 10 processes the data using known
f or mul as i nhemindbfrefet totthe kical wing enditiained wisthdlm&ie GRS mesiven Adtheg <kilbeeliai onal
space and ti ne. t he GPS receiver nputes a (X,

estimates fHe glﬁewﬁlég@rgg?te WRESE ds g(prqpag%onag@et @FéaSEGEFaPPW%FP‘S’apgsSOt hat
represent ti}mg&%ﬁay&ér?gﬁmgugg tmstsnae%sféeﬁ%é ﬁ*\m d%’éﬁslrg&l 10. The "
applicability of the asu nts used ormthat . position. e accuracy
of this tindiffeesice retvecehsthe \siginabkiing dnelt the rredl Hame is mmemgcmﬁ@ired[ @0as5thel n a

conventional enbodi ne t he S rec |ver 10d rive tlmea}l&naég fromthe *
data streanPIPAMERET ¢ SV, o SPREMETY .aflféélge@ gme from aBPEEY PsVeathso) |
Hovever, = demisBayeirabdisid e dhfaGMupGvn BARGIS Bl A0E1b 18 WiFRnAANAUM N

and requires that the ‘received signal "power is sufficient to permt data
denodul at i oresidakl ealnet i girgs-dumnensiopsls spaas sind ttade. GA3at ég ehw &3RS mawpiver 10

[ t i t f L ' GPS t hat
Form the noPWBPREEI (M1 JoPpaRt mAEE AT e BEsiRiTg Y061 o ZACKO R EFEF
i dentify thgodlatnaiek rtﬁﬁEBré&géﬁbﬂtg tHeNfeREiRBE ipBftior\ ahhougéprasemsrﬁb aSPS agdk Sjred

network may permt the S receiver 10°to recover lost timng infornmation,
t he use of ﬁppl@hblé@ ofrfbe weraReremenisiused tosfivdn thas masitioo ikmacsutac p of his ket hat

are not alwa vai l ab 6 Tho skilled in the art will appreciate (™
t hat epherre?gtgmggf“ng%fybétgéﬁﬁ% é)gcf?(%lt -lived validity and nust be \*)
updated fregomesi!y. TPk eahtentiobdlembatinttint, th@GPSaphavET i0sdcdiatatiing signals

guestionabl e after just a few hours. Thus, the conventional GPS receiver 10

nust f r equefiorytha dagsaeam éraem% fiom he saielipsde.go theasaiallion 14-30). Jlowevsr,
comput at i on d%%fHé AlolrdtE ‘iﬁﬂe&? fsBEn R£1%Bﬁ§sw%$ 34 {lﬁ%%o%g@%pgggg\}/éggﬂﬁﬁﬂme

frequent are ver I e consum n

Therefore, idceivad signal mivrés swtiednt tbqicnhi‘n @bfa desnorlubitign) Alltlemativalgedirdless a
system and nmethod to provide accurate positioning and tine mformaﬁ %n
wi t hout t he asiediefl 5P tepeyere fnay, ﬁ@l‘&’é‘“@glcat?h‘élﬂaﬁ?f&Fe&F%s"SSISted networks in, whic

GPS receivers that form the network utilize pattern matching techniques in an attempt to

identify the data frame timing information. ‘Although a wireless assisted network may
permit the GPS receiver 10 to recover lost timing information, the use of wireless
networks requires additional communication links that are not always available.

[0006] Those skilled in the art will appreciate that eﬁhemeﬁs data has a
relatively short-lived validity and must be updated frequently. Typically, the validity of L )
ephemeris data is questionable after just a few hours. Thus, the conventional GPS
receiver 10 must frequently update its ephemeris data base to maintain the orbital
computation accuracy tequired for proper position determination. Such frequent
updates are very time consuming for the GPS receiver 10. Therefore, it can be
appreciated that there is a significant need for a system and method to provide accurate
positioning and time information without the need for frequent updates. The apparatus
and method described herein provides this and other advantages as will be apparent

from the following detailed description and accompanying figures.



. one enbodi nen

and net hod described herein provides this and other advantages as wll| be
apparent fromthe follow ng detail ed description and acconpanyi ng ig(ﬁj@fﬁ

- WO 20041013R4%00/ #3608 2007 3 BRI EF SUMVARY [0007] The present inveat it Ws
enbodied in.a systemand nethod for tine maintenance in a satellite
positioning systemreceiver. In one enboc_Lj ment, the apparatus for tine

mai ntenance in a satellite positioning systemreceiver configured to

receive data froma plurality of satellites conprises a processor coupled to
the receiver to receive data therﬂiﬁwsmﬁecessor derives al manac data
fromthe received satellite data. e apparatus further conprises a clock
to mintain a tinme based at least in part on the almanac data. [0008] In
the cl gck may be canfigured tq use the al nanac data

to

derive a cocl@&péri od iTMEPESEY ARGy AF snppdied fipea syiemR andymsihed 1gE dine,e
al mnac_dat guaihRndiRE] H€ als AR B FuEhl FEBReCoH: ohOUHodlfieA e
embodi ment, the processor Is cohfigured to determne an estinated tine
based on a pipparatustiyr dine pagiatepdnee Sn arsdtelliie paditieniag syxtae dedeivee cosfigisatita o
provi de an indica iog of ah}al easi ogl? of the plurali té‘HOf %r arrﬁt ers. The
esti mat ed tirﬁ‘éﬂ"%‘éﬁia 91,3 DAl Of SHe IR £OEPHES R PSS OCS 19 RGFECEINET bi t
and a Dbi t 1 ihOede;fd!idh@Mhe BRI, ﬁ{éengE&%&Sﬁa‘ianﬁ%ﬁs Hhig %&ﬁ ﬁe%c&{?éfe
based on the received satellite data and use the almanac based tine to
provi de an isatilgaidaion The apparhiwa firthen eowprisdsa cdondetopeaintash 4 tine basddent daast ent
bit and the .bit intli) t.he cu&rent week. BRI EF DESCRI PTI ON OF THE DRAW NG S)
| [0010] FI G fOPet G AaPRcd4| ustrating a typical gl obal positioning system

(GPS) recei vigpond Satrlonb bfbodiRad Hle HbG& Ral bk USiHRIGS0INE tfaRfR B used

by S satellités. [0012] FIG 3 is a functional block diagramof an exanple
enmbodi nent dp darive 2eedoperioddriewrcyteeidlaiabitic dJoe diank enayialde ush dheprlmeeastdata
descripti on., [dgglg,l 't4 iogig% om%zilrt illustrating the operation of the
system of FI'&S"Y APFEBCBESER PYN [ 0014] The apparatus and met hod
described hepeogy rel atig bfe tdigbodsgef thé MRB&Esor is configured to determine an

estimated time based on a plurality of parameters and the almanac based tie is used to

provide an indication of at least one of the plurality of parameters. The estimated time
may be based on code phase, code period into a current bit and a bit into a current week.
The processor may measure the code phase based on the received satellite data and use
the almanac based time to provide an indication of at least one of the code period into

the current bit and the bit into the current week.

BRIEF DESCRIPTION OF THE DRAWING(S)

[0010] FIG. 1 is a schematic illustrating a typical global positioning system

(GPS) receiver and satellites.

[0011] FIG. 2 illustrates the data format used by GPS satellites.

[0012] FIG. 3 is a functional block diagram of an example embodiment of a

receiver constructed in accordance with the present description.

[0013] FIG. 4 is a flowchart illustrating the operation of the system of FIG. 3.
DETAILED DESCRIPTION

f0014] The apparatus and method described herein relate to the use of almanac

data as a reference source for the computation and maintenance of time within a



data as a reference source for the conputation and nmai ntenance of tine
within a WO 2004/ 013649 0 2 FEB 2007 4 receiver. A satellite positioning
system (SPS) utilizes a plurality of satellites in known orbits. QnersueT
known syst W9 R¥H0KE4Y| obal positioning system (GPS). Wth GPS, the
satellites orbit the earth and transmt data. The data transmtted by each
satellite may generally be categorized 4s timng data, ephenmeris data and
al manac data. In addition, other naintenance data nay be transmtted.
However, this maintenance data does not relate to the techniques descri bed
herei n. [00i&kives Aeatc}]itbgdsiﬁéming syst¢mi(SPE) uitlizeak pliralitytdfeateiitey iadamowar have
an accurate i.nternal t si nce th c@)ﬁ]tlon determ nation requires an’

il e

accurate kn&WiEd e(?f‘d% %W‘F REZLY BosiopnS BBt @ Son it §8'e, B t he
signal trangihitdsi d¥it (e rth &ﬂ@letraﬁisﬂﬁ'laéiatﬁ | TR datd trdilsd ed%fga%ﬁss ﬂltgfma . '
conventional time derivation using satellite dat o si st e rea in

a proper ungensaibnil ertegoiizedes timivydajaiephetnads dite dnd elnginac tiatandn aﬂcaunn,
internal ti CD. wthin the S rece sin manac data. [00161 For an *
accur at e de?’@%{fﬂa}'ﬂ%ﬂ%?a‘?i G fan ?‘feﬁéj’ ﬁg ﬂﬂ%?‘%ﬂﬁp?ee atéld@?ﬁﬂ’%t from
mul tiple satghiid 88 techh u@&seﬁgﬁ%@émrmst determ ne the code phase of the

recei ved signal, the code period into the bit, and the bit into the week.
These t hr ee [0MSAsur emBatdssaribed hboem al Beiitiesl that the €Rftimceintmhave smanchrheur s.

The code phase tion r. res the GPS receiver t Io onto the
pseudo raﬁdbﬁ?ﬁ%ﬂ S %ﬁ\ﬁhe @8&58}‘1?? B’Fs\’élﬂf‘tfqnerﬁqwst@:é‘\é%‘gﬁ@ gé%ﬂf ’taI‘%ﬂFSV) .
The code ph%@ﬁtmﬁ@d@ﬁﬂ é@ﬁra&@fzﬁvﬂ@@gr &F 6 signal (RASHA RSeS| 'tﬁe' ). gode,

has 1,023 chips in a code period C/ A"code Is transmtte at a chi ppi ng
rate of 1.0bgefigcussionof @qugntmnahtlmepbnvauommsn@tsateﬁite Hatarwill lassigdloncbaders ) .

There are 2 at sul,ti a 50 Hz .data rate. Ifn
a typical 08 ?Opgp%néeré gh dflﬂéﬁeéoc% C’Fﬁ&rs}%“?‘% E%Wtﬂflll\}tgw éfnrﬁai gh(t'“’)
forward (, ~)w1thﬁp1QEE¥BSQﬁcél{?@-tusmgqﬂmﬁm@fﬂ y a brief period of tinme under
normal operational conditions. [0017] The code period into the bit is a nore
difficult tilPR18Y rel aFpoAR Hegrats deé@wmtlan of tispelethe | GRS recebygtimisb aeguithe GPS
recei ver ha i e ns,

the GPS recg} almfrgﬁg?)hﬂ@?é% ttegﬁergglz |ve aeé‘gy?fﬁla?lcgiéetg%gg {(}i\}gcﬁb% aggg% {h%

mlli secondrmhedergnasumCode paiel ﬁiltclﬂﬂletlile, &t the lHit ireslde posk. t fI‘ﬁéBe thiset a bi t

transitions occur every 20 nms.. Once an edge is detected, it is possible to
track measurements may be analogized to seconds, minutes and hours. The code phase

‘acquisition requires the GPS receiver to lock onto the pseudo random noise (PRN) code
transmitted by the satellite vehicle (SV). The code phase, sometimes referred to as a
coarse acquisition (C/A) code, has 1,023 chips in a code period. The C/A code is
transmitted at a chipping rate of 1.023 MHz, resulting in a repetition rate of 1
millisecond (ms). There are 20 code periods in a data bit, resulting in a 50 Hz data rate.
In a typical operation, measurement of the code phase is a relatively straight forward (\ J
operation that requires only a brief period of time under normal operational conditions.
{0017] The code period into the bit is a more difficult timing relationship to
ascertain. Under ideal conditions, the GPS receiver has a high signal-to-noise ratio.
Under these ideal conditions, the GPS receiver analyzes the relative phase change
between adjacent 1 millisecond coherent sums in determine the data bit edge position.
Data bit transitions occur every 20 ms. Once an edge is detected, it is possible to track
the data bit transitions and determine the code period into the bit. Unfortunately, such
ideal conditions often do not exist. Under more typical operating conditions, the signal-
to-noise ratio is low and the GPS receiver cannot reliably detect each bit transition using
this simple technique. Rather, bit transitions are averaged and analyzed using

subsequent signal processing techniques to determine the code period into the bit.



the data bit transitions ‘and determ ne the code period into the bit.
Unfortunately, such ideal conditions often do not exist. Under éfe té@ cal
operating cqidighi/@Rsw the signal- to-noise ratio is low and the GP ¢ (ager
cannot reliably detect each bit transition using this sinple technique.
Rather, bit transitions are averaged andéanal yzed using subsequent signal
processi ng techniques to determne the code period into the bit. W

2004/ 013649 02 FEB 2007 5 Under poor operating conditions, the
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the bit int (Iakdl&vmbiecbﬁdsaicﬁdiearéﬂam@ﬁﬁﬁwr’ﬁaﬂ@e apdeeaed. FIG 2 illustrates
the format of data transmtted fromthe SV. The data to be transmtted by
the SV is briRER i nt o Sbteterminationaehhthsrbilinte ibe areskils edsospdinmaeensyiims At
a data tran o] | S S rame
0o LTSS OmE S Mulad D RS SRS e S0 Y

correction datmamited byethe Siveisibsolaatinto sﬁhﬂﬂimm&MofamlﬁicE ccmpﬁwsmoadldﬂatbmnal
operational data and al napac dat %Q The five subfranes conprise a single

frame, whicht & dafaaHaRsrEssin rae 8b S8 bith hek secopgethe > Y H@nﬁmﬁ@@rﬁubfmmﬁénaﬁ manac
data, subfrages,# apd 1ﬁust1%%r'atﬁ' Pidg @Mfa&ﬁe%”fb @nﬁ%ﬂa&oe}( detiofnt 'dGta and |

transmitted I n subsequent anes Wt frames being transmtted
in a peri ocbpdnﬁ-m&ﬁs Sami nfubémmef @0iA] S5 Aenthinl atkiiticaiab dpémtidiiabdat, arglagimandc t he
subfranmes co conpr.i sin enetry data (TLM, and a hand over
word (HOW . ﬁ%&?"g@é CORRTIRG ?él% {é'xe’{%‘ﬁ?’e iclys rppspitedingilsepondic at ed

time of V\BekDQé‘&ﬁhé‘!hﬁlgihrB?'tH@&ﬁlahE@ddﬁ @ﬁb@a{mesw% §‘?:Hﬂlranﬁs?g' a&d%rﬁ?éﬁhaﬂ@é a

frame to be transmtted. The GPS receiver 10 (see FIG synchroni zes to
t he data fr ainta, adecodestidadne snbwegiant drades amelnmjtotnll of 2pkiases béteg trandmiktted &l ue

of the HOW by 6. se i.,e., the transmission time of a subframe) to
pcEfif dp apaisds,

determ ne th nds into the week. The nunber of seconds into

the week is oo pli edadyilluafidd if FIGE De et af Ltha AR Neoni® Qf hoRePi S
per second) to determ ne the nunber of bits into the week. The process of

frame synchrewpisingdaleastty daa(Tddhx 4ndli aandsrvet 'g'oal GEOW)i rhbe dﬂh‘é’mﬂm@s%d may

take 15-20 s era d| t Thus 0 ete
measur enent %‘gﬁﬂgaﬁéewa’ﬁ%?%gfﬁlg é@%‘%&f’ %6?3%6'3? é?d“ﬁ"‘g % SHAT € % ons.
Once an aCCUWéél@c@hgfbakhetﬂdiEditﬁlfra&%\/tefbékraﬁﬁhﬂﬂeﬁ.l Th8 CTsSrebd et m@@éoﬂea ed

synchronizes to the data frame, decodes the received data and multiplies the 17-bit value

of the HOW by 6 seconds (i.e., the transmission time of a subframe) to determine the
number of seconds into the week. The number of seconds into the week i multiplied by
50 (i.e., the data transmission rate of 50 bits per second) to determine the humber of bits

into the week. The process of frame synchronization and HOW identification is also

s

time consuming and may take 15-20 seconds under poor operating conditions. Thus, a
complete time measurement can take more than 20 seconds under poor operating
conditions. Once an accurate signal time for several satellites has been established
within the GPS receiver, the position of the GPS receiver may be detennihed to within a
few meters. As previously noted, the GPS receiver minimizes the residual values for the
three~-dimensional coordinates of the receiver (i.e., the x, y, and z coordinates). The GPS
receiver also minimizes the residual valve for time, thus enabling an accurate
determination of real time (i.e., the time maintained by the GPS recetver).

[0020] As previously noted, ephemeris data is considered accurate for only a
bricf period of time. Thus, the process of updating the ephemeris data base in the GPS
receiver must be repeated every 2-4 hours to maintain the desired level of accuracy. In

an alternative embodiment, ephemeris data may be supplied to the GPS receiver from an



within the GPS receiver, the position of the GPS receiver nmay be determ ned
towthina few neters. As previously noted, the GPS receiver mninlzes the
residual val ues for the three-dinensional coordinates of the receil/&FEB 2007
(i.e., the WOX04/HM#®z coordinates). The GPS receiver also nminimzes the
residual value for tinme, thus enabling an accurate determ nation of.real
time (i.e., the time maintained by the URS receiver). [0020] As previously
not ed, epheneris data is considered accurate for only a brief period of
time. Thus, the process of updating the epheneris data base in the GPS

recei ver nuséxdfalrefeaice de@ek .y Suclirdecs nefvdR Rledindwhh telest artnde@urk  Of
accuracy. In an alternative enbodi ment, epheneris data may be supplied to

the GPS r eceba/gasciibesiin greaterderp Bowgover\sren goty Biesaws HGIWCE mesisied d%ﬁé@ ence
network. Su C@Pﬁ ?éc%f\%i] spﬁilm«{%ﬁv\%ﬁé ?ealf lﬁﬂl%fﬂ? thl e? eélce (%) eprﬁchg% bt o del?? ’

described in gréater Ver, even W £ enc it ed

data, the GRSufaedetstermint st lsdatibh bd@tlemrm@ﬁetmlt pidvitRd Wbhémerisdah) TR, ee of
precision in order to accurately determne its |ocation based on the

net wor k provitg&ge epremerissdegamat antpmstically mpirve e pretion drisraipag iseponse

aut omat i cal I |t| on determ ning response tinme of the GPS
receiver. P'P{F%\ecﬁ)ﬁstr%geﬁ "techni ques described herein allow the GPS

receiver to [Oom]nt ai n "Bhe’ @adserti tehigigtidsnmadseribalb e allbwatac GP8t seceiReLity ed
fromthe SVs. [0022] Those skilled in the art wl Imfg{)reci ate that the
H

al mnac dat a™RER gE@! fipe eﬁtﬁ@a@b@Squoﬁﬁ@aﬂ@&%ﬁWl o5 thSHet er mi ne whi ch
tellit f
those satel |2 |1 ®aise bfelTinel FERI Sprditle WAF (R Lpto ORIRT 2

actual |y exithe .GPhér esedrepndafiionsitly ﬂndéte@unatw}@cfls sa‘tﬂhteBere saveW of he GRSt he

GPS constellati.on, hut not all satellites are in orbit, For exanple, theref )
are present I’Sffc‘?iﬁ‘ftfr@g' h‘éf‘@?@’“@ft tion of) thpsecsatellites, [y additions tha almanec deita i s~

used to 'ndi‘nﬁf’éﬁﬁstwﬂn&ﬁ'esa@ﬂﬁe{ QERLN P exi¥l CPpGA ﬁh'deméd %roﬁﬁ%&a{?ﬁg' for288 thus

avai lable for the |location determmning process. |In addi rranac
data can be sasdigtes o thadiRBBc@stelihiiah bof ntntrvél satdﬂntes alg: isantgt.| Foreskasple, ithergood

vor ki 19 cond, 1 9By SRl B Sl i S, i g L i 10

det er m nat i Ofdicate to the GPS receiver which satelhtes are in orbit and thos available for the
location determining process. In addition, the almanac data can be used to indicate
which of the orbiting satellites are in good working condition (i.e., are designated as
“healthy”). It should be noted that almanac data is not intended for time maintenance or
for position determination.
[0023] ‘While almanac data alone is insufficient to perform an accurate positlion
determination, the advantage of almanac data is that it maintains a satisfactory accuracy
for months. As will be described in greater detail below, the GPS receiver described
herein maintains a reasonably accurate time using almanac data and, when necessary,
can calculate the signal time (i.e., the time at which signals were transmitted from the
satellite) more quickly than a conventional GPS receiver. This is due to the fact that the
almanac data can be used to determine the code period into the bit and the bit into the
week based on the almanac time and does not require the long processing time typically
associated with processing the signal directly to derive this timing information. Thus,
the GPS receiver described herein can simply measure the code phase, which takes a
relatively short time, and combine this with the almanac derived bit in week and code
period in bit estimates, to determine the real time with the desired degree of accuracy.

Position determination can then be perforriled using conventional techniques that



[0023] While almanac data-alone is insufficient to performan accurate
position determ nation, the advantage of alnmanac data is that it Wﬁ@?@
a satisfact@prageyiacy for nonths. As will be described in greate -

bel ow, the GPS recelver described herein nmaintains a reasonably accurate
time using al mnac data and, when necessary, can calculate the signal tine
(i.e., the tine at which signals were trahsmitted fromthe satellite) nore
qui ckly than a conventional GPS receiver. This is due to the fact that the

al mmnac data_can be ed to determine the code period into, the bit_and the
bit into themvgaé’% ﬁargﬂﬁ%glegﬁurﬁwgm&owﬁ%gse[ P qgﬁrg:n& REYVI9ed Ry # &ofEFRECE ong
processi ng tadiRotypi cally associated with processing the signal directly to
derive this timng information. Thus, the GPS receiver described herein can
si nply neasut0824lhe coddphdser fuustiennl tbleas diagranelofita wysigm sHOr consimased dmd

cotimtes, ri-upaniil FROBRRRE, fbalid ped” dhePor 600 BbCe h2cy

Posi tion detgesivealo20ihidnistdagplcd o BEbhARE AR G8Y B9 NRlefidRe hThaues
that 1, 0 2 FFt3 2907 WD 2004/013649 7 involve satellite nmeasurenents or

the use of epitfsstion; of GESarepeiyesdie drgynainr dreewerind negdtnedrie. dgsodiet] hekB.3 i s

a functional . i [ f a.system 100 ,const,yucted i accordance, with
Phe tonon agS MBS, SPEAAILE. <RSI IR EBAR e Rt DA ORI 102,
whi ch i s coupt e teed bt BdebAivedieiand recei ves signals therefrom The

operation of GPS receivers is known in the art and need not be descri bed
herein. Sini0027] y, GPHhesisienniQl alseénsludss gseniral procepsingrunit (ERE) 406 ewtha 104,

k i i h in. .0 t
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satisfactorily in a nunber of different ways. For exanple, the CPU 106 may
be i npl enent BaY ake dMPGREDHTe s pibdBbedied Parcerssrn| epntrollsh| arplicRiEe: Spedfifi c

ot 14 hiHda SRS il s BRLeRepROSER LR el b v

i mpl ement ed twythiefike. The term CPU is intended to describe the functions implemented by the
system 100 rather than a specific hardware limitation.
[0026] The system 100 also includes a clock 110, which is used in conjunction
with the GPS receiver 102 to maintain an accurate time for position determination, as |
described above. The system 100 may optionally include a sleep timer 112 that would
allow the system 100 to enter a sleep mode in which the GPS receiver 102 does not
continnously track the SV signalsAs will be described in greater detail below, the sleep
timer 112 may periodically “wake up” or activate the system 100 to perform a time

) and/or position update. The various components described above are coupled together
by a bus system 116, which may comprise a data bus, contro} bus, power bus, and the
like. For the sake of simplicity, these various buses are described herein as the bust
system 116.
10027] As previously discussed, the conventional GPS receiver must have an
accurate real time clock in order to provide the desired accuracy in position
determination. This requires the detenmination of code phase, code period into the bit,
and bit into the week calculations for all SVs used in the position fix. The latter two
calculations are time consuming, particularly under typical operating conditions in
which the GPS receiver receives jammed signals or signals with a low signal to noise
ratio (SNR).



system 100 rather than a specific hardware limtation. [0026] The system 100
al so includes a clock 110, which is used in conjunction wth the GPS

recei ver 102 to maintain an accurate time for position determ natior2 &S 2007
descri bed aWO\8M/MMpEEIsyst em 100 nay optionally include a sleep tinmer 112

that would allow the system 100 to enter a sleep node in which the GPS

recei ver 102 does not continuously trackgthe SV signalsAs will be described
in greater detail below, the sleep tinmer 112 nay periodically "wake up" or
activate the system 100 to performa tine and/or position update. The
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and t hen I ne coepaseln ornmati on Wt e co ertod into the bit
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accurate real erm ned aresult of the position fix clo
110 may be uﬁﬁfétt SIFFE ?r’ﬂs NPy satgdfife Rogitions, AR, thenposition BEﬁWa @9

time maintai @ﬁ@@ye“telg@o 6t Q6#k] ?fjégtemdsyst em 100 essentially has a head
start on cal cul ati ons of sate lite positions and GPS receiver position
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translates to approXimately a 15 code chip error in the 1,023 code chips in the PRN
code. Given the limited range of error, acquiéition of the code phase imay be
accomplished readily by the system 100.

(00301 The operation of the system is illustrated in the flow chart of FIG. 4. Ata
start 200, it is assumed that the system 100 (see FIG. 3) is under power. In decision 202,
the system 100 determines whether the wake-up time period has expired. If the wake-
up time period has not expired, the result of decision 202 is NO, and the system 100
returns to decision 202 until the wake-up time period has expired. .
[0031] The sleep timer 112 can be set to automatically update the real time
estimate and, if desired, the current position of the GPS receiver 102. For example, the
sleep timer may periodically activate the system 100 only to update the real time clock
110. The clock update rate depends on the stability of the clock. The updates should be
scheduled frequently enough so that timing ambiguities can be resolved. Real time
clock updates may be performed, by way of example, every 2-4 hours. Position updates
may also be automatically performed when the system 100 is activated by the sleep
timer. The clock update and position update can be based on almanac data, as discussed
below. When an accurate position fix is required by the user, ephemeris data is used for
the position fix and the clock 110 (see FIG. 3) can be updated with a highly ac%prate

real-time estimate.



data to bound the uncertainties allows new satellite positions and the
position of the GPS receiver to be quickly determ ned. [0029 As previously
not ed, reahlydhbsBuPRsed on al manac data is only sufficient to det efri Fi8 Me
‘location of the GPS receiver 102 within 4-5 km This distance error ™
translates to approximately a 15 code chi90 error in the 1,023 code chips in
the PRN code. Gven the limted range of” error, acquisition of the code
phase may be acconplished readily by the system 100. [0030] The operation

of the systemnhs; 111U . ' I FIlL G4, . A tart 200, it
I s assuned th?ﬁt he s;%%%agiﬁﬁ%o%&&%?’%l P&\Q{f@?aﬂ{l’gaﬁgnalé‘ﬁ%sé’m%ﬁ %na nal%éléllué‘?eé h 202;
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the wake- up_tine period has not expired, the result of decisiqgn 202 is NO

and the syst@&iIae the sompHPosiyoRe Sassdomn the slapsed time siace diclagisealitives Jask od
h i red. 3 . '
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recei ver 102recémly exforpid a ddveupdakeapy bbb nemysaper ifadicabdilny chekivpdhte i he
system 100 only to update the real _tinme clock 110, The clock update rate
depends on tMECspgbiereRjaigmemieress Hugtrated ia g4 mey bepstipangk schedul ed

frequently e so t T WcTo Ry Ul . . |
cl ock updat eg@?gf; be p@?%%?ﬂﬁc&?&bs vvagll% bgﬁgs(r:rp%g,gg’et\{}g?%ugtﬁ dﬁgigi?){g%%gg ition
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activated by the slee timer. The c k. updat e d position update can be
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update, the system 100 may i mtate an update for the clock 100. If the clock
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accuracy of the clock allows the system 100 to make a determimation of the time
estimate error. For example, if 500 seconds has elapsed since the last position fix (i.e.,
AT = 500 seconds) and the internal oscillator (not shown) of the clock 110 has an error
rate of one part per million (ppm), the clock 110 is accurate to within * 500
microseconds. Similarly, if the oscillator in the clock 110 has an error rate of 0.1 ppm,
the clock has a maximum error of + 50 microseconds in the example above. Those

_ ) skilled in the art will appreciate that shorter elapsed times (e.g., less than 500 seconds)
will result in a lower absolute time error for a given error rate of the o_:sc:illator in the
clock 110. The systemn 100 may an error threshold value below vx?rhich it is not
necessary to update the clock 110. For example, if the last position fix 6ccurred only a
few seconds ago, the maximum error in the clock 110 is likely to be quite low and a
clock update is not warranted.
[0034] In step 208, the GPS receiver 102 (see FIG. 3) acquires the code phase
from one or more SVs. As discussed above, code phase acquisition is a relatively
straightforward process that consumes little time when compared with the acquisition
time required to determine the code period into the bit and the bit into the week.
[0035] The system 100 can compute the SV positions and a predicted SV

observed code phase based upon stored position data, the compuied time in the clock



[ 0033] When the wake-up tine period has expired, the result of decision 202
is YES. In that event or if a nmanual update has been initiated, in step 204_
the system 100 activates the GPS receiver 102 (see FIG 3). In step 206, the
system 100 rm nes the uncertainty of the clock 110 (see FIG 3) 0 2130
typi cal |rrp ?ﬂ'ﬂ??gn, the system 100 perfornms a position fix before going
into the sleep node. In that case, the clock 110 had a value, T. that was

an every accurate tine estinmate before gadiing into the sl eep node. Upon
activation of the GPS receiver 102 in step 204, the system 100 | ooks at the
el apsed tine AT. That is, the system 100 determ nes how | ong the GPS
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data. For exanple, assume the clock 110 had a value T, is very
accur at e bassunpf theepipdigted §16 sigoals v possililg withinea pmpr@@mmﬁdﬁnmut tpetiod.

The GPS receiver measures the code phase and uses the predicted code phase to resolve

O

code period in the bit and the bit in the week ambiguities. Two examples of this process

are illustrated below in Tables 1 and 2.
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TABLE 1 Data val ue Predicted Actual (Measured) Bit into Wek 10 Code Peri od
into Bit 5 - Phas .9 0.95 8] ILn the exanple of Table 1, the
predi ct ed va(@ggf or thﬁ‘ 'g‘FFX?‘HE% 0% &gﬁﬁéeweipﬁd@@v%f’?‘gtg‘%glté‘gﬂgwp‘@?qkdﬂ into

the bit in thySyBKaBlc8dd e
el apsed tine since the | ast

riod iMdEhe bRAA %?Qgﬁﬂﬂ@ iPhaghe b?edic?ectﬁ%ogé

position fix an

the accuracy o

[ ock

the value_for AT

hd FERen

foke0q the
11

(see. FI Cx 3) 0.9Thnecchon ¢t cleapsde tiplea simcertheslastaubsition fix pul the aotwecy3 the clohk
I il t i ble 1.is.0.95. This indicat that, t di.cted
vai os for 4 et M D). (e S eSariohih bt BB T Burtinin S e Brie ' ©

val ues for t xapple
correct. Thugstried sy Figen 00.9hashi¥8BAdicates that the predicted values for the bit into the
week and the code period into the bit are correct. Thus, the system 100 has made
reasonably accurate determination of the unambiguous SV signal time while only

having to measure the code phase.

[0039] The example of Table 2 illustrates the process for a different predicied
code phase.
TABLE 2
Data value Predicted Actual (Measured)
Bit into Week 10 -
: ) Code Period in Bit 5 -
- Code Phase 0.1 0.95
[0040] In this example, the predicted value for the bit into the week is 10, while

the predicted code period into the bit is 5. In this example, the predicted code phase is
0.1, while the actual measured code phase in this example is 0.95. The differeﬁce
between the predicted and actual code phases in the example of Table 2 indicates that
the actual value for the code period into the bit is 4, rather than 5 since this setting
represents the smallest time difference between the unambiguons prediction and the
ambiguous measuremeni(3.1 — 4.95 = 0.15 code period residual). . Again, the system
100 has made a time determination based on the stored data and the measured code

phase.



reasonably accurate determ nation of the unanbi guous SV signal tinme while
only having to neasure the code phase. [0039] The exanple of Table %%F
illustrates the process for a different predicted code phase. TABL %h@g7
val ue j Pr 8 2080348 ual (Measured) Bit into Week 10 Code Period in Bit 5
- Code Phase 0.1 0.95 [0040] In this exanple, the predicted value for the
bit into the week is 10, while the prediigted code period into the bit is 5.
In this exanple, the predicted code phase is 0.1, while the actual neasured
code phase in this exanple is 0.95. The difference between the predicted

and actual do@4ijphasednistert Be0.et@mplseenofl00 aohbizesi hei eaiws fihatlenidaes act ual
val ue for the code %fr'Od into.the bit is .4, rather than 5 since this
setting repFbith wal fimesHehe 43S reoewerivither dighe %@@/\/@Eﬁ%‘}ﬁ@mn@*ﬁ)lﬂ%ﬁﬂs

predi ction aéﬂﬂaﬁéaeiiat m%%%’%&%g%s gfn%n‘l elerien ZsZto d&eﬂxﬁ{xfg gldeebﬂé’r )

residual ). Again, the system 1 e a~tine term na ase on the
stored dat a paridd tﬂlte thre dtuargicthe ddeint@ Basweell) allofvEiRe AGPY redd¥e? A04/t0 1Bckdy 12

[0041] In st 210, the system combi nes the various tine elenments to
establ i sh régﬁnﬁm}?ée%hm% ﬁ’j}b‘%ﬁ‘?ﬁg{%aﬁ‘l‘?ﬁa hi gh degree of accuracy. The

use of al mapgedata tg sfeﬁ%bvﬂl ol HRicfPRf) ek ke Mlrandd Bl SLBARAE B

determne (i.e., the code" perio nto the bit a t he week)
al | ow t he GRBsitiooeibuexd dOthet mespuirak Py codetphasd. ndn stegl 214, ke wydtdm alehelgps

Lo T econput #PHESse HRRts bised bR BUITBIISNEoRe PUPA S BB IFRE] SPoF st op
phase and § RS e O Pt o Tna BBk e ek Tk ot he
week. The sudoseguient] fedwmiigucothak inced saoabeatmmrdmtlllmmh t o piogjtien tfixats leeed not
be descri bed hl?f%t%' than :-:lr ?)851 B fltX b%rs]eJ enhre]y upon ephemens data and may have an error S
on the order of a few kilometers due to the fact that it is based in part on almanac data.
The real time estimate based on almanac data calculations is also less accurate than a
real time estimate based only upon ephemeris data. However, time maintenance based
on the almanac data does not require frequent updates and the fime estimate is
reasonably accurate to within approximately 10 microseconds. In the example above
where the clock was accurate to + 500 microseconds, the error range has been brought
down to 10 microseconds. Alternatively, the position fix can be calculated with
ephemeris data using the code period into the bit and the bit into the week based on the
almanac data, as described above. Use of ephemeris data provides a more accurate
position fix and real time estimation.
[0043] In step 216 the system 100 saves the new position estimate and code 8 )
phase relationship between the real time and the signal time. In the example described
herein, the use of almanac-derived data maintains the clock 110 with reasonable
accuracy and permits the estimation of real time by measuring the code phase from an
SV while using the stored timing data to determine the code period into the bit and the
bit into the week. Use of this timing data along with stored almanac data permits the
updating of the clock to a reasonable accuracy (e.g., approximately 10 microseconds).
Use of this timing data along with received ephemeris data permits a more accurate
position fix and a very accurate real time estimate, which permits the updating of the
clock 110 to a high degree of accuracy.
{0044} Those skilled in the art will appreciate that the calculation of the position

of the GPS receiver 102 uses a set of mathematical equations in which the signal time
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system 100 maintains the tine el ements which are nost  difficult to obtain
fromthe Svsdescribed above. Alternatively, the system 100 may automatically enter and exit sleep

mode, as illustrated in FIG. 4, to periodically update the real time clock 110 based on the
stored almanac data and acquired code phase data.

[0046] The foregoing described embodiments depict different coﬁlponents
contained within, or connected with, different other components. It is to be understood
that such depicted architectures are merely exemplary, and that in fact many other

architectures can be implemented which achieve the same functionality. In a conceptual

sense, any arrangement of components to achieve the same functionality is effectively
"associated” such that the desired functionality is achieved. Hence, any two
components herein combined to achieve a particular functionality can be seen as
"associated with" each other such that the desired functionality is achieved, irrespective
of architectures or intermedial components. Likewise, any two components so
associated can also be viewed as being "operably connected”, or "operably coupled”, to
each other to achieve the desired functionality.

[0047] While particular embodiments of the present invention have been shown
and described, it will be obvious to those skilled in the art that, based upon the teachings
herein, changes and modifications may be made without departing from this invention
and its broader aspects and, therefore, the appended claims are to encompass within

their scope all such changes and modifications as are within the true spirit and scope of



[0045] In step 218, the system 100 enters a sleep node. While in the sleep
node, the clock 110 (see FIG 3) nmaintains the real tinme, which was 5 ﬁgm’q
the conbination of al manac data and the update provided by the acquire

code phase wWo @wpem364208. Foll owi ng the operation of step 216, the system 100
returns to decision 202 to await the next awake cycle. Those skilled in the
art will recognize that a variety of al t?&nati ve enbodi nents are possi bl e.
For exanple, the sleep node may be nmanual [y interrupted by user activation
of a button (not shown) to acquire the real tinme or to determne the
position of tihe i IRmisE CRIMRImAR2t 1§&H€%H€Hstob&%l@it‘ﬂfé’lhb&ﬁoh%s Qﬁﬂ?‘dﬁaﬂﬁéﬁ by he
system 100 noves imredi ately to step 204 and executes steps 2 212 1 nthe
manner descrihdhappendashdaimal ﬁtewnhulﬂ wekeystoddrty thysetveithif @ arhthat it genetdl clatvhy

t d exit t G 4 i odi cal |y upd
The'r eal t | mised hERR, 40 Gata o thhabPRGT ot (rndiiss O B °sé%§-$%@“£oé‘ée
phase data. [498&kral n{cﬁﬂﬁgé%' ‘PdPetiepahi Red, ﬁﬁ@aﬁi "RALEngeRhGHq Bk ft

conmponents contained wthi or connected with, different other co onents
It is to be Laﬁd‘awbxduwbutmalmmdm (o[ :1 551 tcmdh@mmgﬁ slmutdtbeetsltqpletatmé‘hyvmg at

exenplary, a d h in f.a t ect mpl,engnt ed

whi ch achi ev %\ ﬁ’&i IBFC#BE‘ gﬁ“ﬁ%‘?’/’e IR PREEFL é’EﬁliE'gqs bugbqﬁgogh 9? ercJ:
arrangenent qf wgp rm%aﬁéﬁuﬁdarsa@du ?’%Gsl%ewﬁﬁﬂﬁhé aftChhtomal gﬁaélﬂ§nﬁ£5&06ﬂ xely
"associ ated" such that the desired functionality is achieved. Hence, any two

conponent s h dnispduced nlvim gecitation dhindersled, gygh tandoteat willibe texpheifly trscitednn tﬁbe seen

as "associ at d Wt ach ot he ch at the desired functionalit

ohi eved. i 110Beatq oE GPsER! pE ety no ek TRt S PrSET, e drble B
Li kewi se, anyant 3@ 1©OMRIRAS#HIMgS Ghe aémam{g\t??eﬁ@a abises BRyViaes 1Ragd 6f Mgk
"operably connected", or " %?rably cou , each other to achieve the

desi red functif@educiory phaseu 7t lgest jose pasrd ‘engl o MR dei iIngpdureoflainhiecptiggent
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modi fi cat i onsofraylaing revidgombly hﬁmindéﬁnﬁes tattRfesf Tabrort "an's lihming eaatyi pmncmdclmhs

broader aspects and, therefaore, the appended c]ains are to enconpass w.thin
their scope PRt sBHHESueHTICIAER|TFIRSOR JASINNENINE SRPtANIRE t"ﬁb’ PR suddhi 1 t

and scope of Q:i&bERvel When WR BRI AHIRARIL he 1ntroduct0ry phrases "one or more” or
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"at Jeast one” and indefinite articles such as "a" or "an" (e.g., “a

and/or “an” should
typically be interpreted to mean “at least one” or “one or more”); the same holds true for
the use of definite articles used to introduce claim recitations. In addition, even if a
specific number of an introduced claim recitation is explicifly recited, those skilled in
the art will recognize that such recitation should typically be interpreted o mean af least
the recited number (e.g., the bare recitation of "two recitations,” without other

modifiers, typically means at least two recitations, or two or more recitations). L)



this invention. Furthernore, it is to be understood that the invention is
solely defined by the appended clains. It wll be understood by those
within the art that, in general, terns ysed herein, and especiallpszRQﬁ@
appended clains (e.g., bodies of the appended clains) are generally

i ntended as "open" terns (e.g., the term"including" should be interpreted
as "incl udi Whatliuélaiet isti mted to," the term "having"” should be interpreted
as "having at least,” the term"includes" should be interpreted as
"includes but is not limted to,” etc.). It will be further understood by

those within theAggppatahstfortimednsinesantd i aRuBBRpoffioddl sybBhQdNeed claim
recitation is_i ntéanded gg{g rOan intent will be explicitly recited in the

claim and F9¥fgHed Qpcaie L fhurplicy pt satef1es. the aRngtakpsicAmBng: s present. For
exanple, as an aid to understanding, the follow ng appended cl ai ns may
cont ai n usage of I : ! .one” y or nore"
to introduce_cI5?%??33F?g%?%ﬁ%%&%yhﬁ%&ﬁ%@??wgigJﬁgg%ggagﬁ?ﬁﬂ%ﬁFgggs shoul d
not be consYiluie raceiverfpy uping igtstarerktining dedelteciciure copmanicatminmignge fromtat on by t he
indefinite pid el @SiidvenRle: "@n" limts any particular claim containing such
introduced claimrecitatioh to inventions containing only one such
recitation, even when the sane claimincludes the introductory phrases
or nore" or "atprbessig oaal foadetivinpdefirstHottidn AF fiin g @Fotieibn 8Sng B8 adbiredan”
(e.g., "a" and/or "an" s@o | d ty icallﬁ be interpreted to nean "at | east
one” or "on@ HHIFEIHmsEna ’htEe RS R NERUS P irengsdgpeont Rartigr gt yping A¥oraation

articl es uswthgttie stored aogendl ai mrecitations. In addition, even if a

speci fic nunmber of an introduced claimrecitation is explicitly recited,
those skilled in the art will recognize that such recitation should

typical ly be int/8$38f &r sgmbipinghgdird and segand poxtines todetermipe fipaliime semagte. t he
bare recitation of "two recitations,” without other nodifiers, typically
means at |least two recitations, or two or nore recitations). L ) 15 0 2 FEB
2001 What #s cl Hiesieprates of plaimh, fyrbes comprisingareany fepperiiming aandidon fix a

satel lite pRFpkhaRliftheYahfen receiver configured to receive data froma
plurality of satellites, the apparatus conprising: nmeans for maintaining
stored timng data for use by the receiver neans associated wth the

recei ver f usi I (Wey " O g i signal s
fromat | g%st Odlfl}g aggi?ae %(?tcggl\}grﬁﬂg{%gl;tgiéogglégg?%?éh%%g%%{y & é?%cva?{r%g a first
portion of timng information using the acquired conmunication signals, the

processing jrean STIQ%HJa\fétﬂ'sgoﬁlaﬁﬁ §,Qfﬂghe? %I%ggr%ﬂxg%eaﬁg 1%1’ E'egerhlrx:Hiﬁ)gr ant%twi 124} time

one

estimate.
5. The apparatus of claim 2 wherein the position fix is performed using ephemeris data.
6. The apparatus of claim 1 wherein the means for storing timing information comprises

means for storing data related to a code period into a current data bit.

7. The apparatus of claim 1 wherein the means for storing timing information comprises

means for storing data related to a data bit into a current week.

8. The apparatus of claim 1 wherein the receiver is selectively operated in an active
mode and a sleep mode and the means for maintaining stored timing data maintains the stored
timing data in both the active mode and the sleep mode, and the means associated with the
receiver for using the stored timing data to acquire communication signals using the stored
timing data to acquire communication signals occurring upoen entry from the sleep mode into

the active mode.



using the stored timng; and neans for conbining the first and second
portions to determne a real tine estimate. 2. The apparatus of clnaq' Fﬁf{l
further conprising neans for performng ] position fix using the rea ?qﬂr?e
estimate. 3. The apparatus of claim2 wherein the position fix is perforned
usi ng al manac data. 4. The apparatus of claim 3, further conprising neans
for determning a newreal tine estimate. 5. The apparatus of claim2
wherein the position fix is performed usi n% epheneris data. 6. The
appar at us of- cl ainfatheghier dommeRknares His? Ristlitepesitionge sysipmhigediver spniigpiedn
conpri ses @RSy dafa fidnPk pEiHaIr daté 1Bl iRdndibd@ ofpEnger i od into a current
data bit. 7. The apparatus of claim 1 wherein the neans for storing timng
information conprises neans for storing data related to a data bit into a
current week. 8. nmEhgaigippsipad timingfda@l ai m 1 wherein the receiver is
selectively operated in an active node and a sleep node and the neans for
mai ntai ning stored tjmng .data intains the stared imng . data in both the
active node and tuﬁgg{glpgtg%dﬁxgﬁ%g,&gaﬁaa?%ge ﬁ@érﬁ%m%?g%ﬁ:‘grﬁﬁse%grﬁﬁtlfﬁsrt% recei ver
for using thaelltaridet i M ng data to acquire comruni cation signals using the
stored timng data to acquire comunication signals occurring upon entry
fromthe sleep node into  the active node, a 2 FE3 2007 16 9. A nethod for
ti me mai nt enance UPipg e aeuirpq onpmysiration demalide dojive afrst auripveltingdsf i gured to
recei ve dat g ffmpmya plurality of satellites, the method conprising:
mai ntai ning stored timng data; using the stored timng data to acquire
comuni cation signals fromat |east one satellite vehicle; using the
acqui red communi osing tha steiegniading datn tddetivea secohd partiopafitiniingindfrmafion; agl
information; using the stored timng data to derive a second portion of
timng informtion;, .and ining the first and secpond rtions to
determine a real C?Ip?fﬂln%g‘[eﬁoﬁ'g?@&ei%d P?H@“%@tdﬁ‘aﬁma?aﬁﬁgw %gmfﬂiﬁrt her
conprising performng a position fix using the real time estinate.

10. The method of claim 9, further comprising performing a position fix using the real

time estimate,
11. The method of claim 10 wherein the position fix is performed using almanac data.

12. The method of claim 11 wherein the position fix comprises determining a new real

time estimate.
13. The method of claim 10 wherein the position fix is performed using ephemeris data.

14. The method of claim 13 wherein the position fix comprises determining a new real

time estimate.

15. The method of claim 9 wherein the stored timing information comprises a code

period into a current data bit.

16. The method of claim 9 wherein the stored timing information comprises a data bit

into a current week.

17. The method of claim 9 wherein the stored timing data is based on a plurality of
parameters and almanac data is used to provide an indication of at least one of the plurality of

parameters.



11. The met hod of claim 10 wherein the position fix is perforned using

al mnac data. 12. The nethod of claim 11l wherein the position fix conprises
determining a newreal tinme estimate. 137 The nethod of claim 10 viheFE il
the position fix is perforned using epheneris data. 14. The nethod of claim
13 wherein the position fix conprises determning a newreal tinme estimate.
15. The net hod of claim9 wherein the stored tim'ng i nformati on conprises a

code perio |nt a bit of claim9 vvherelnthe
stored tin ﬂa FREPPOR & iadwﬁ? tehiheinad DR nE GF A P DR RSB R 17 The
met hod of clpandmlﬁto\aﬁaef&@itthhﬁt&lﬁ1t1ﬁfoactufrbmg<.data is based on a plurality of

paraneters and al manac data is used to provide an indication of at |east one
of the plurality of paraneters. 17 0 2 FEB 2007 18. The nethod of claim 17

wherei n theigtor qﬂembmmgmahaswleﬁamdw@gﬂﬁm pOHIa® 6f tirfing B4lLcdigrised into a
current bit and a pia current week. 19. The met hod of claim18

wher ei n der MPAYHNE ‘F" ?Seg |°BH136‘Fq“t1’Fﬁ1rf9’i’§}n‘H‘é‘ia5°’b%$\WSr ses neasuring the
code phase based on the acquired comunication signals. 20. The nethod of
claim 18 wherein _deriving the second paortion of timng data conprises using
the code phdfe babeednd pirdaind§uhews BWﬁﬁnﬂﬁeé%FPP‘bPPf%?Ig?fém?n& HiaomPFisisne t he

accuracy of sﬂi%ﬁe SdRBske 'fbhsr&i ) tlfé%c?ure& Binrdinafch digdRsng d&%ﬂn&ﬁé‘&'&hxﬁéw g at
| east one of the code period into the current bit and the bit Into the

current weekf the storey fmingedatfothe siored tiging dytageapesing fﬂﬂ@“ﬁé@ ef thepodegedadd ectivel y -
oper at ed i n@APACkIYEYTRMhe AflASLASA JREe and mai ntaining stored tim ng

data occurring 1n both the active node and the sleep node, and using the
scored timng data to acquire conmuni cation signals occurring upon entry

fromthe slgep ”qqgmlet;ﬂ{:;&)oii%m@%ﬂeYe?n MR HCeivars sefdBtiARR eﬁd&e‘dsfn %P Letibd

mai ntenancein a satellite positioning systen1rece|v r configure
recei ve dat and ¢ deppanqdk andubpitipingte sgmdetimmg data occumipg inshotigthe active orode érxdr

T Nt a1 1110 PR AR EL oL R R o Bl D5 GRS80 i 0

deriving a fesst ni'n or na Si acqui red = conmuni dgat i on
si gnal s and uaomtr@ﬂdmdhemlwgmmwmrdmh@ne podt.i on u5| ng the stored timng
dat a,

22, An apparatus for time maintenance in a satellite positioning system receiver

configured to receive data from a plurality of satellites, comprising:
a store for maintaining timing data derived from almanac data; and

a processor for deriving a first dining information portion using acquired
communication signals and a second dining information portion using the stored timing data,

and for combining the first and second portions to determine a real time estimate.

23. The apparatus of claim 22 further comprising a clock to use the almanac data to

derive a code period into a current data bit.

24. The apparatus of claim 22 further comprising a clock to use the almanac data to

derive a data bit into a current week.
25. The apparatus of claim 22 wherein the processor is configured to determine the real
time estimate based on a plurality of parameters and the timing data derived from satellite

almanac data is used to provide an indication of at least one of the plurality of parameters.

26. The apparatus of claim 25 wherein the real time estimate is based on code phase, a



and for conbining the first and second portions to determine a real tine
estimate. 23. The apparatus of claim22 further conprising a clock to use
the al manac data to derive a code periodginto a current data bit. 2l? FEhaony
apparatus of claim22 further conprising a clock to use the almanac data to
derive a data bit into a current week. 25. The apparatus of claim 22 wherein
the process@gdeipsricinbladuf-&f bl and 8 bR NS ReutNewd-pal time estimte based on a
plurality of parameters and the tinmng data derived fromsatellite al manac
data is used to provide an indication of at |east one of the plurality of

par aneters. 2726. Tﬁ@ﬁ)paaﬁgsﬁém& z@f wiehedi i grocadbte hRhdhrds MR JoB@Phabd BBl | Mt e S
based on code phase, B 2007 code period into a current bit, and

a bit into Hleémew%%at%é ﬁata 217d th"r’ﬁéﬂlwp’ﬁ&rdﬁ’tlw f@rm wicditerplmgnagttiatads yped toe
processor npasik %mhﬂ%lm@% PRAGR o@a@%gdeq:@no& ﬂ% hEGRINESH SatR!did k@ gdat a, and
the timng data derived fromsatellite almanac data is used to provide an

i ndi cati on efreatweekast one of the code period into the current bit and the
bit into the current week. 28. The apparatus of claim 22 wherein the
receiver may be selectively operated in an active node and a sl eep node and
the process@$. i sTbompiguseticliim 3veheteirethe rentivegg nupiba selestivelp dperdtedimagat el it e

al manac dat I r t he
olurality %g%v@ g}%ﬁ‘% ?n‘d a‘%‘ie%e\ﬁﬁd@@ﬁl tf?@r([gg%%séreg%%ﬁg:upeﬂ t@ﬂﬁefﬁ’ie tin ?ﬂg hggﬁ Vtgie et ve
node. from satellite almanac data to calculate an approximate position of at least one of the plurality

of satellites when the receiver is initially placed in the active mode.



