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METHOD AMD APFARATUS FOR LOCATING MOBILE RECEIVERS
USING A WIDE AREA REFERERCE NETWCORK FOR PROPAGATING
EPEEMERIS

BACKGROORD OF THE INVENTION

1. Field of Invention

The present invention relaktes to signal processing in
GP3 receivers. In parlicular, the present invention
relates to s wmethod and apparatus for delivering satellica
data to GPS recesivers to znable a GPS recaiver to acguire
ard lock on to GPS satellite signmals in low signal strength

ervitonments {e.g., indaore).
£. Degcription of the Background art

Conventiopal GPS receivers require an inordirate
amovnt of time to acquire acd lock onto the satellite
sigrals., Then, once locked, a GPS receiver extracis
telematry dats (almanac and ephamerie} from the signal.
From these cata the GPFS rsceiver can calculate information
tnat enktancez its ability tc lock onto the =atellitse
gigral. A relatively high signal strength satellite signal
ig necesgary Lo erable the systew to achisve an initial
loci. Unce the GPS signel is acquired, the signal strength
m:st remain high whnile ths almanac and/or ephemeris data ie
extracted from Lhe satellite sicnal. Boy severs
attenuation of the signal can cause a loss of lock and the
gigral will require re-mcguipition, As such, the syaten
hag an inherent circularity thkat mekes it difficult or
irpossible for GPS veceivers to acquire signals in low
signal strength envircenmepnts.

To aid igitial acqguisition of the satellite signal,
many GPS receivers store 2 copy of the aluanac data, from

which the expected Doppler frequency of the satellite

JP 2004-504612 A 2004.2.12
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signal can ke caiculated. Several Lechnicues have been
develeped to caleulate uaeful information at & separate G28
receiver and then transmit this data to another GES
receiver. US patent 6,084,336, igsued May 16, 2000,
collests alwmanac data at a separate GPE receiver, then
transmits the almanac data to a mobile receiver. The
mobile receiver Lhen wses the almanac data to compute the
expected Doppler freguency of the satellite sigmal, thus
aiding in initial aiganal acguieitiom.

The advantage of receiving the almanac is that each
GFS satellite repeatedly -“ransmits a complete almanac
certaining orkbit information for the complete CFS
constellation, thus a single GPS receiver, tracking any
satellite, can collect and propagals the almeznac for all
satellices in the constellation. The disadwvantage of using
the almanac ie that it is a feirly rough model of the
gatellibte orbit and satellite clock errcrzs, thus the
almanac is only useful in reducing the freguency
uacertainty and caniot be used to enhance receiver
genzitivity by reducing the search window of code-delay
uncertaintiss.

If & GPE receiver had a complete s=t Of spbemeris data
for all sateliitee in view, before Baid receiver attempted
to lock onto those satellites, the recesiver would bhave
slgnificantly lwproved acquisitlicon Limes snd enbanced
sensitivity. This is because the ephemeris data ccntains an
accurate despcoripticn of thne satellite posgition, welooity,
and clock errors; and the GPS recelver can usse this dats Lo
increass its sensitivity by reducing significantiy the
search windows for freguency uncertainty and code-delay
uncertainty. The Sigadvantage of the ephemeris is that each

satellite only transmite its cwn epremeris; thus a aingle

JP 2004-504612 A 2004.2.12
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GES receiver cannot collect and propagate ephemeris for all
the satellites in the ccnstellatien.

Therefcre there ig a ne=d in tiae art for a CGPS
re¢eiver gystem that propagates gatellite ephemeris for all
satellites in the censtellation, thereby enhancing the
spesd of acguisition and signal sensitivity of mobile

recaivers.
SUMMARY OF THE INVENTION

The invention comprises a method and apparatus for
diatribation and delivery of the Global Positioning System
VGFE) gatellibe epheneris using a communication liak
between a central site and a wide area network of GPS
rezceivers. The wide area netwark of GPE receivers zollizcts
the ephemeris data that i= transmitted by tkhe satallites
and comrunicates the dakta te the central gite. The central
site delivers the ephemeris to the mobile receiver. Tha
nobiles GRS receiver uses the delivered data to eabance its
sensitivity in two ways. First, the data =llows the
receiver to detect very weak sigmals that tke recelver
would not ordinarily ke able to detect, and second, the GBS
recziver does not have bto track the satellite signals for
ver§ long before 3 position csn be calculated.

In cne esbediment of the invention, the satellite
ephemeris data ig retransmitted without manipulating the
data in any way. The GFS recsiver may then vse this data
exactly as 1f the raceiver had received the dara from the
gatellite. In another empocdiment, a satellite peeudo-range
madel is compukad at the certral site Irom the ephewerie
data, and this pseudo-range model is Lrzauswmitled to the GES
recoiver, The pseude-range modsl has the characteristic

trat the medel is more concise than the completc sphemeris.

JP 2004-504612 A 2004.2.12
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a5 such, the GPS reseiver dees net aave to perforr as many
calculatlons when using the pseuado-range model as when

ugiag the complets. ephemeris.

Tae teachings of bthe present inventicn may ke readily
understsod by considering the follewing debailed
descripbion in cenjunchbion with the accompanying drawings,
In which:

FIG. 1 depicts an architecture for a wide area
refersnce staticn network in accordance with the present
inventivn;

FIZ. 2 depicts & GFS arbital sphere;

FIZ. 3 depictg the Inkersection of the 6PS orbital
sphers and the horizon planes of three refersnce shaticons;
FIGS. 4A and 48 depict the intarsection of the GPS
vrbital spbere and the horizon plaaes of four reference

statlions;

FIG. 5 depicts a fleow diagram of a nekhod of
generating pseudo-range models;

FIG. 6 is a graph illustrating the timing (paseudo-
range! and frecuency {pseudc-range rate! uncertaiaty for a
mobile 3PS receiver, and the improvement in sensitivity
that is gained by reducing both these uncertaintiss;

FI3. 7 depicts a flow diagram of a nethod of searching
through the tiwe {pseudc-racge) and fregusncy {pseudo-ranges
rate) windows; and

FIG. 8 depicktc a flow diagram of a method for ugping
peevdo-range informatiorn of gatellites haviny high sigunal
strengll Lo improve veceiver sensitivivy for signals

raceived from satellites having low sigral strength.
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LETAILED D) IPTION O VRN

To facilitate understanding, the description hag heen

5 ocrganized az follows:

e

20

[
ul

3o

overview, introduces each of Lhe cowmponents of the

invention, and descrikes their relationship to cne
anocther.

Giohbal Tracking Metwork, describes how a worldwide

network cof tracking statione is constructed and

deployed to ensure that all satellites are tracked at

all zimes.

Eptemeris Progessiug, describes an embodiment of the

FIZ.
Fyste
COMPT

al

invention that provides a more compack, and simpler,
wodel of the satellite ephemeris.

Signal Detrection, descripes bow the retransmitted
satellite ephenexiz data iz used in a CGPS receiver to
detect signals that would othervwise be undetectahle.
Sepeitivity Fphanccemen:, doscribes how the two
strongest satellite signals may be used -o compute the
time and correlator offset at the mobile receiver.
Thig information e, in turn, ueed to enihance
gengitivity for weaker GPS zignals that are received

by the nchile receiver.

CVERVIEN

1 depicts one smbhodiment of a global positioning
m {GP8) satellite data discribution system 100
ising:

A reference station netweork 102 comprising a
plurality of tracking stations 104., 104;, .104; "

coupled to one another through a communications

JP 2004-504612 A 2004.2.12
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network 105. The refersnce stations 104 are deployed
over a wide area and contain GPS receivers 126 so
that ephemeris may be collected frow all sstbelliites
106 within & glcbal netwerk of matellites e.g., the
global positioning system (6P9) . Brhemeris
information comprisges a 200 bit packet contzining
gatellite positior and cleck information.

A central procesging sits 208 that cellecte the
ephemeris from the tracking estations 104 comprises an
ephemeris processcr 128 that removes duplicate
occurrences of the same ephemaris, and provides the
latest ephemeria data for vedietribution to mobkile
GPE receivers 114 and 118,

A communications lirk 120 fror the central procencing
site to the mobile GPS receiver 114. The link 12¢
may be a landline 11¢, or other direct commmicatiors
path, that couples the mobile GPS receiver 114
directly to the central procepsing site 108,
Alternatively, this link may have several parts, for
exampla: a landline 112 to a wireless transmitter
116, and a wirelegs limk 122 frow the trapsmitter 116
to a mebile recelver 118.

A wobile 3PS receiwver 11¢ or 118 that uses the

redistributed ephemeris data (or a wod ed form
theresl} to aid the receiver in detecting GPS signals
from matellites 106 in a satellite constellakion.

A positlon provessor 130, where the positlion of a GP3
recelver 114 or 118 ie calculated. This could ke the
GPS receiver itsel?, the central proceseing site 108,
or some other site to which the mobile GPS receivers
send the measurement data that has been cbtained from
the gatellitss 106.

JP 2004-504612 A 2004.2.12
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In operation, each of the satellites 105 coatinually
broadcast ephemeris information asscclated with a
particular sacellite. To comprehenzively and
similtanecusly capture the ephemerie data of all the
setellites 106 in tke constellaticn, the network 106 is
spread worldwide.

To obtain all the ephemeris data, three or more
tracking stations 104 arz peeded. Tach of the 28
satellites has =sn orbit laclined at 55 degrees relative to
the equator of the sarth. &As such, no satellite sver
Eravels outside of a plus or minus 55 degree range on an
orbital sphers. Ceonssquently, three stations placed 120
dagrees apart and lying exactly on the equator of the
earth, would have all the satellites in view. However,
placing reference staticne at or cleose ko those exact
lceations or the eguator is impractical. To place
reference stations in large cities around the world, a
realistic, minimum number that will achieve viewing of all
the sateclliteos 105 is four.

Each of the tracking stations 104 contains a GES
receiver 126 that acquires and tracks eatellite signals
from all satellites 106 that are in view. The stations 104

extract the ephemeris information that uniguely identifies

che position of each satellits as well ag satellire clock
information e.g., a 900 bit packet with a GpPS signal. The
eghemeris information is coupled to the central processing
site 103 viz, for example, a terrescrial land line netwaork
ins

The central processing site 108 sends all or part of
the ephemeris information to cne or merz mobile GPS
receivers 114 and 118. If the central processing site
knows the approximate position of the mchile PSS rezeiver,

the central processing eite 108 may only cend the echemeris

JP 2004-504612 A 2004.2.12
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information for satellites-that are presently {or aboul to
be) in view of the mobile GPS receiver 114 oxr 11§. The
evhemeris infcrmaticn can ke coupled directly tarough a
land line 110 or cther commumication path {e.g., internet,
telephone, [iker cptic cakle, and the like).
Alternatively, the ephemeris information can be coupled to
a mobile G2 receiver 118 through a wireless system 116
such as a c=.1 pheone, wireless Inte:met, radio, t=levision,
and the like. The orocesesing and utilization of the

epnemeria informaticon is described kelow (see EZHEMERIS

GLOBAT TEACKING MNETWORE
The global GPS refercncc noctwork 102 has stations 104

arranged such that all satellitee are in view all the time
by the tracking statioms 104 in the vetwork 102. Ag such,
the epheweris for each satellite 106 is available to the
network in real time, sc cthat the network, in turn, can
make the ephereris, or derived pseuda-range models,
available to any mobile yeceiver that needs them.

The micitum complete network of reference stations
comprises three sgtations, approximately equally placead
arovnd the earth, on or cloge to the oguator. FIGS, 2 2hows
the GPS orhitzl szphsre 202 surrcunding the sarth 204, aad
an indigabtion 206 of all orbitp of the satellitaes. FIG. 3
ghows the intersection of the horizon plansz of 3 tracking
statiaons, (Genoted A, B, ard ¢}, with the GP& ocrbital
spkera. In FIG. 3, the orbital sphere is shaded gray in
any region above the horizom of a tracking staticn. Regionas
on the orbital sphere above the horizeons of two tracking
stations are shaded slightly darker. The orbital sphere is
white in the regions: above and belew 55 degreoes, where

tilere are no 9PS satellites. From FIG. 3, it is clear thaz

JP 2004-504612 A 2004.2.12
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any point on any CPS orkit is always above “he horisen of
at least one reference gtation A, B or C.

It is not commercially or technically practicsl to
vlace reference stationg around the eguatory, Preferrved
sites are major cities with good communicatioms
infrastzucture to enable the ephemeris Lo be conpled to fhe
contrel processing site via a reliable network. When the
reference ctationg are wmoved away from the cquator, morc
than three stations are needed to provide coverags of all
satellites all the zime. However, it is possible to create
a network of cnly four reference stations with complete
coverage of all GFS satellites all the time, and with the
four stations located in or near major cities. For
example, the stations may pe placed in Honolulu, Hawaii
(U8R}, Buencs Aires {(Argentina), Tel Aviv [(Israel) and
Perth (Australial. PIG. 4A and 4B show the intersection of
the horizon planes of these stations with the GP8 orbital
sghere. Any pcint of any @P3 orhit is always ahove the
horizon of at least onc of the refercnce staotions., FIG. 4A
and 4B show the orbital ephere viewed from two points in
sgace, one point (FIG. 4A) in space approximately above
Epain, and the other (FIG. 4b) from the opposite side of
the ephere, approximately above Mew Zealand., The ficure is
shaded in & similar way to FIG 3. Gray shading zhows
regiong of the @P3 orbital sphere above the herizon of at
leagt one tracking station and darker gray regions
wepresent portions of the orbital sphere accessible fto two

stations.

ECAFMERIS DPROCESSING
The epheweric is wsed bo compute a model of the
satellite pseude-range and pseudo-range rate. From the

pseudo-range rate the mobile GPS receiver can galculate the

JP 2004-504612 A 2004.2.12
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Doppler frequency offselb Tor the satellite signal. The
conputation of the pseudo-range wodel can be done at the
itobile receilver, or at the central procesaing site. In the
preferred embodiment the psendo-range medel is corpubted at
the cenktral site as follows.

BIG. 5 depicis a flow diag-am of a method 500 for
generating a pesudo-range nodel. At step 502, the
ephemeris data from all the tracking stations is brough:t <o
the cen-ral processing site. Ephemeriz data iz transmicted
continually by all satellites, mostly this is rspeated
data; new ephemeriz is Typically transmitted every 2 houxrs.
The ephemeris is tagged with a “Time of Ephemeris”, denoted
TCE. This tag indicates the Sime at which the evhemeris is
valid. Ephemeris calculations are hnighly accurate within 2
hcurs of TOE. & satellite first transmits an ephemeris 2
hours ahead of the TOE, thus apy ephemeriz is highly
agcprate for a maximum of four houra.

At =stop 508, the contral processing site koops all the
echemeris data with TOE ¢lesest te the time T ab which the
mebile receiver reqaires ephemeris (ov a paRsudo-range
medel) . Time 1 Is provided by the webile rasceiver at step
G04. Uesually T will be tae current real tiwme, however, it
ooculd be a rive up o 4 hours in the future for mebile
receivers thab are cellecting ephemeris/pseudo-rangs models
in advance cf when they need thew. T ccould alao be a tine
in the past, for mekzile receivers processing previcusly
dtored dala.

At step 08, tae ceniral processinc zite then
ca_culakes the satellits positicna at time T. In the
preferred embodiment, this iz performed using the eguatione
provided in the GBS Intzrface Contxcl Document, ICD-GPS-
2C0-B,

JP 2004-504612 A 2004.2.12
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Bt stop 512, the central procegsingd site obtains the
approximate posikticn of the mocbile GPY Receiver. 1In the
preferred embodiment, the mabils GPS receiver communiczabes
with the central progessing aits over a wirelesgs
communications lirk, such as a Z-way pagsipg netwerk, ar a
mobile telephone network, or similar 2-way raiio networks.
Suck Z-way radiio networks have communicatien towers that
receive pigrals over = region of a fow miles. The central
processing site obtains the rsference ID of the radio tower
wwed te racsive rhe most recent communication from the
mobile GPS. The central processing site then obhtazng the
position of this radioc tower from a dstabase. This
position is used a2s the approximate mobils GPS position.

In an alternative ecbodiment, the zpproximate gositicn
of the mobile GPS receiver may be simply the center of the
region serwved by a particular communications network used
2 implemant thisg invention.

In ancther alternate embodimsnt, the approximate
position of tke mobile EP3 receiver may be the last known
point of said receiver, mazintained in a database at the
central pracezsing site.

1t ig understend thabt many corbinations and varisokts
of the above wethods mav be used to approximate the mobile
GPS recsiver position.

Having calculatred the satellits positione, ard
obtaine: the approximzte user position, the central
processing site computes {at ziep 510} which =atellites
are, or will soon be, above Che horizon at the mebile GP3
receiver. For applicaticns requiring gimply the
redistribution of the ephemeris data, at step 512, the
central processing site now cutputs the ephemeris for those

sztellites shove, or sbout to rise above, the horizom.

JP 2004-504612 A 2004.2.12
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In the preferred eghodiment, a pseudo-range wodel is
cempubed that conorizes: time T, and, for each gatellite
above, or akbout to rise above, “he horizon: the saktellite
PREN numoer, paeundo-range, pseudo-range rate, and pseudo-
rauge accelsration.

To comgute g paeudc-range wodel, the central
processing sike first computes at step 516 the pseudo-
ranges of all smatelliktes above, or about to ripe above, the
mobile GPS receiver horizon. Tae pseudo-rangs is the
georebric range betwesn the satellite and the approximate
@PE€ position, plus the satellite cleck cifset described in
the ephemeris.

At step 518, the poeude-range rate may be computed
fromw ths satelliite velocity and clock drift. Satellite
velooity may be obtained directly by differentiating the
satellite pogition aquations {in TOD-GPS-200-2) with
regpect bto btime. In an alternative‘emhoﬁiment, sgatellite
velogity may be cowmputed indirectliy by compubing satellite
positions ab btwe different ‘times, zad then differencing the
positions. ’

In angther alternative erkbodinment, the pseudo-range
ratss way be computed indirectly by comguting the pseudo-
rarges at two different times, and chen differencing these
pseudo-ranges .

At skep 520, the pseudo-range accelerabion iz then
computed in a aimilay faghion (by differentiating satellize
velocity and clock drift with respeckt Lo Liwe, or by
differercing pseudo-ranse rates) .

The complete pseuwdo-rarngs modcl is thern packed into a
structure and oukbput to the woblle GPE receiver at shtep
5322.

The mohile GBS raceiver may use the pseudo-range niodal

fmr the periocd of validity of the ephemeris from which it
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wag derived. T2 apply :he pgeudo-range model at some time
after time T, the mobile receiver propagates the pseude-
ranges and range rates forward using the rate angd
accelaration information contained in the pseudo-range
modeld. )

In an aliernalive embodiment, the central provessing
site propagates the unaltered ephemeris 519 and the
derivation of the pscudo range model and pacudo-range rate
is performed at the mobile GBS receiver.

Xracney (US Patent &,064,336) has taught that the
avallakility of Dcppier informaticn can aid the mobile GPS
receiver by reducing the freguency uncertainty. U.8.
patent &,064, 3356 describes a system and wmetzod for
delivering to a mebile recelver Almanac information from
witich Doppler may bes derived; or for delivering equivalent
information, derived from the Almanac; or fer delivering
the Doppler maasurement itself from a base station near to
the webile receiver. In another alternative emwbodiment of
the current invention, :thc Epncmerie may be used to derive
Doppler inforraticn. In the section that follows (SIGNAL
DETECTION} it will pe appreciated that the use of this
Deppler informaticn will aid in signal acguisition to the
extent of reducing the Pgeudc-range rate uncertainty, i.e.
the mumzer of frequency kins to search, but the Loppler
infermation will ner reduce rhe Paeudo-range uncertainty
fi,e, the cods delays) .

QAL DETECTION

There ars several ways in which the availability of
sphemerie data (or the derived peeudo-range model} =2id the
signal acquisition and sensitivity of the mchbile GPE

raceiver, described below.
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The ephemaris or pseudo-range models can predict the
elevation angle to the satellite, allowing the regeiver to
forus on acquiring nigh elevation satellite signals, whica
are gencrally leas subject to obstructien. BSatellites that
are calculated to be below the horizon (negative elevation
angles) can be ignored. Thig satellite gelaction can also
ve performed using an almanac of satellite orbital
informatien, ocut providing medels, or ephemeria from which
models can be created, eliminates the need for neon-volatile
scorage for the almanac within the mobile receiver, 1hus,
the ephereris provides aome advantage in this regpect,
however the wain advantage of the invention is in the
impreovement in signal acguisiticn and receiver sensitivity,
degcribed below.

The "re-tranamitted" or "re-broadcast" ephemeris
information improves the operation of the mebile receiver
in bwo ways.

First, the mobile receiver dees nobk nesd bo colleck

the ephemeris from the satellite. The sphemeris is

broadcast from a gatellite every 30 saconds and rveguires 18

seconds to transmit. In order to receiwe ephemeris without
the use of the pressot invention, a mcbile receiver neede
cleay, unobstructed saksllite reception for khe entire 18-
zecend interval during which the epheweris is being
trangnuitted. Depending on the environmaznt and usags cf the
yeoeiver, it may be minutes before the situation allows the
ephensris to ke colleclad and in madxy applicatlons, for
exarpls, indoor use, the wobile receiver may never have an
unosekructed view of 3 catellite. To eliminakte the data
vollection delay, the present inventicn provides the
ephemaris datza diresily to the woblle receivec.

Second, the ephemeris ig used, a2 cescribed above, to

form the paeudo-range medels of the satellice signala being
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received at the mobile recelver. These models can
azcelerate the zcquisition process in several ways.

The models predict the pseudco-range and pssudo-range
rate of the received signale. If the agprosximate user
position is fairly acourate, these wmodels will be very
accurals in estimating bthe pseudc-range aad pseunde-range
rate. Using the wodels, the receiver can focus the
ccrrelation proceag around an expected signal.

FIG. 6 ghows a graph 6§01 that illustrakes che asual
frequency and timing uncertainty for a wobile GPS receiver.
On the y-axis €02, thz varicus rows Bhow diffarent pseudo
range rates, and on the x-axis 604 the varicus columns show
different pseuds ranges. Without an avcurate wmodel, such
as availapble using the present invention, the possibilitiasa
for range rates will vary coneiderably because a wide range
oF satellitz totions arz possible, and the possibilities
for ranges will also vary over many cycles cf the PY codes.
With an accurate medel provided by the ephemeris
Informakion, the uncertzinties can be reduced to a small
range, deplcited by the bilack cell &3&. Many receivers will
be able to search this emall raage in a single pass that
elirinates a time consuting seguential search and allowe
the use of longer integraticn times for betkter sensitivity,
az will now be describes.

Better sensirivity s achieved as follows: The
gensitivity of a GPS receiver is a functicn of the amcunt
of time that the receiver can integrate the correlator
cutputs. The relationship between sensitivity and
Integraticon time is shown by the graph 5U8., With wany binz
to search, the intecration tiwe 6§10 eguals the total
available ssarch tiwe divided by the nurber of search binas.

with only a single bin to search, the integration tims 512

JP 2004-504612 A 2004.2.12
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eguals the btotal availshle search time, increasing the
sensibivity as showa &08.

It snoucd e noted tnat in zome receivers, the
pseudc-ranges and piendo-range rakes that can be predicted
from the pseudo-range models will nol be accurate because
of 2 lack of gynehrenization of the local clock. In this
cage, a szarch over a wide range of uncertainties will
scill be initially reguired, but only for the strongest
sabellite(s) . If the local clock is known o be correct to
witain approximately one second of GPS time then any one
satellite will be envugh te synchronize the local
cerrelator offset. Thereafter, the expected pseundo-range
znd peeudo-range rates can be sccurately computed for the
remaining satellites. If the local clock iz not knacwm to
within approximately one second, then twoe satellites must
ke used to compute the two regquired clock parameters: the
lcoal clock and the correlator offset. The fact that two
oatellites are regquired ia an often misundersiood point.
In the GPS licerature, it is often menticned that ons
satellite ie enough to solve for an unknown clock offset
without realizing that this is only true for systems where
the local clock is already approximately synchronized with
GE5 time. In traditiomal GPS receivers Chat continucusly
track the @F2 signals, the local ¢lock is synchronized to
GFE time o much better than one sccond accuracy. In gome
more modern implementations {e.g., US patent §,064,338)
-he local cleock ig synchronized to & networx time
reference, which i8 synchronized to GPS time. However, the
current invention is specifically intended te operate in
implementations where the loecal clock is not synchronized
te P8 Time. The manner in which one solves Ior these

clook paramsters 13 descriked in detail below,
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Once the unknown ¢lock parometers have heen computed,
the parameters can zhen be used to adjust the pseudo-range
mcels for the remaining, weaker satellites bc reduce tie
ranga of uncertainty Hack to 3 nacrow regicn; thus
enkancing sensitivity precisely when high sensitivity is
needed, i.e., for detecting the weaker satellile signals.

In other receivers, the local clogk and cleck rate may
be guite accurate. Fox example, if the cleock aigoals are
derived from a wireless media that is syrchronized o GP3
ciming {(e.g9., a two-way paging network), then the olock
paraweters are tygpleoally accurate., In this vase, taere is
no clocx effect and a narrcw search region can ke used from
the onset.

To quantiiy the benefits of the Invention, conslder an
exatpla wnere the user pesition is xnown to within the
radius of rvecepticon of a 2-way pager tower (2-miles). In
thiz case the pseudo-xange [epressed in milligeconds) can
be pre-calculstad to an accuracy of cne-hundredth of a
millisecond. Withoubt the invention, a 93 receiver would
search over a full millisecond of all pogsible code delava
tc lock onto the code transmitted by the satellite. Using
the invention the gearch window iz reduced by up to one
hundred timocs, making the GPS recciver fastor, and, morc
ifinportantly, allowing the use of leoager inkegration times
(a2 deszribed abowve), making the receiver capable of
detecking weaker signals, such g8 ococuy Indoorxs.

2n additional advantage of having sphemeris, or thke
derived pseudo-rarge model, at the mobile receiver is that
tre procvecs of identifying the ifrue correlation is Tore
robust, since, apart from increasing the integration time
as descriked above, the chance that a “false peak” would be
icertified is greatly reduced by coasidering only

correlations that oocur witnin the expected range
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Cne embodiment of the use of ephemeris (or derived
prevdo-range todels) bto enhance sensitivity is desnribed
further with respect to FIG 7.

FIG, 7 is a flow diagram of a method 700 of aignal
seérch. The rethod begins at step 702 with an input of the
psewdo-range moudel. As noisd szrlier this pseudo-range
rogel iz caloulated from the ephemeris, either at thae
mobile receiver Ztsclf, or at the central preocessing site.
At step 794, the medel iz applied at ths current time ia
the mobile device and is used to estimate the expacted
current frequency and timing of GFES satellite mignals, as
w=2ll as the expscted vuncertainties of these gnantities, to
form a frequency and code delay search window for each
satellice. “his window is centered on the best estimates
of freguency and delay mut allows for actual variations
from the hest estimates dus to errors ik the wodeling
process including inacourdcies in the rowgh user nositicn,
errors in the time and frequency transfer fror the wireless
carrier ete. In addition, the freguency uncertainty is
divided into =z number of frequency search hing to cover the
frecuency search window. As shown in FIG 5, the numcexr of
search Zins iz dramatically reduced by using the pseudo-
racge model.

In step 706, the detection and measurement process s
set to prograT the carrier correcticn to the first search

freguency. At step 708, a cods correlator ie invoxed to

seaxch £or signal correlations within the delay range of
the delay window. Such a code corrs’ator is standard in
the art, but the present invention dramatically reduces the
nurber of possible code delays over which the correlator
must search thereby ncrexsing the integration time for

sach code delay, and thus the sensikivity of the receiver.
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AL ster 710, the method 700 queries whether a signal
i3 detected. If no signal is detected, the carrier
ccrrection is set, at step 712, to the next zeaxch
frequency and the search continwves until a signal is Eound
or the frequency search binsg are exhausted.

If, at step 710, the method 700 affiymatively angwers
the guery, the signal is used at step 714 to further
improve tne estimate of clock time delay and clock
frequency offset. This information is utilized at steop 716
te re-compube the Ereguency and delay search windows for
the remaining vndstected satellites. In =tep 718, the
process continues until all satellites bave been detected
or the search windows have been exhausted.

The methcd of ¥FIG. 7 ig illustrative of one of 2
variety of algorithrs that can be vaed to gaide the search
process based on the GP3 gignal proceszaing’s abllity to
estimata time and freguency. Additienally, the algcrithms
venld be altered to include wvarious retry mecnanioms since

the signals themselives mway ke fading or blocked.

NIIT_VITY ENHBNCEMEN,

To enhance the senzitivity of She regeiver (as
describad with respect to FIG. &), the invention uses the
approximate position of the mobile device bo compute
expected pseudo-range, Zhis reduces the poeudo—rance
uncertainty, However, before the invantive receiver can
compute the expected pseudo-range the following three iteﬁs
are reguired:

1. the approximate position of the wobile device (ko
within a few miles of a true position)

2. the approximate time at the mobile device (ta within
approximately one gecond of the true time)

3. the correlator clozk offset at the ncbile device (o
within a few mi¢ropeconds of tne trus offset)

JP 2004-504612 A 2004.2.12
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The more accurately each of the three terms isg known,
the more precigely the invention <¢an bound the pscudo-range
uncertzinty, and thus the greater the sensitivity (z2ee FLG.
). 1In the preferred embodiment, the approximate position
of the mobile device iz determined from the known location
of the radie tower last uacd by the deviee. The radiug of
reception of radio towers for J-way pagers and cell-phones
is typically 3 kilometers. Thus the approximate position
of the mobile deviee is known to within 3 kilometers, sad
the induced errocr on the pseudo-range estimate will be no
more than 3 kilometers. With reference to FIG 6., note
thar the full pseudo-range uncertainty for an unailded GP3
receiver is equal Lo one code epoch, which is approximstely
300 kilometers. Thus, even knowing zn approximate position
ag roughly ag 3 kilometers cah zofwes the pseudo-tance
uncertainty one hundred times.

Thne timing errors alsc induce errors on the expected
peeodo—rangs, To computs éexpected pgeuwdo-range, the
receiver must calculate the éatellite position in space.
The satellite rangd from any location on earth varies at a
rate between pluvs and minus #00 meters per gecond. Thus
each second of time errov will induce 3 range error fand
pseudo—range error) of up to 840 meters.

The mobile device correlator delay offget induces a
direct error in the peeudo-range meacurement, =z is well
knowa in the GPS literalure. Bach microsecond of unknown
correlator delay offset induces 300 meters of error in the
TANGE mMoaguremcnt.

Thus, to keep the pseudo-range estimate withirn a range
af a few kilemeters {asg illusztrated in FIG. &), the
receiver of the present invention requires estimates of
position, time and correlator delay offset in the ranges
shown above.

In an implementaticn where the real time at the mekile
device is nol kmown to bebter than a few zeconds, and the
correlator delay cffset is not known, one solves for both

veing two satellite measurementp, as follows.
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The equaticn relating pseudo-rarge errors to the twe

clock errors is:

v = ctdf. - rangeRate*dt; {1}

where:

v is the "pseudo-range residual®, i.e., the difference

hetween the expecied pseudo-range and tha measured
pseudo-range;

c is the speed of light;

dte is the correlator delay offsst; and

dty, ig the offset of “he real time estimate.

FIG, & depicts a flow diagratn of a method 8¢o for

impraving the clock parameters, and then improving the

receiver gengitivity. Method 800 comprices:

step

Step

Step

Ster

802, Ueging the besgt Mnown clock parameters, covputs

axpacted pmeudo—ranges for all the satellites.

B0%. Measure the pseudc-ranges for the two strongest

gatellites with the highest sigaxl strength,

80%5. Using these two measurements, solve eguation (1

for Lhe two unknowns: dt, and dtg.

B80S, Uss dt. and dt; to improve the egtimate of the

axpected pseudo-ranges for the remaining (weaker)

gatellites.

5.0, Use thess iluproved expected pseado-ranges to
reduce the pseuwdo-range uncertainty, thus
improving the sensitivity of the recsiver, as

shown in PIG. 6.

Rlthough various smbodiments which incorporate the

teachings of the present invention have heen shown and

described irn detail herein,

readily devise many other varied empodiments that still

incorporate these teachings,

PUTIUSOIZIRSZ

those gxilled ie the art ocan
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What is claimed is:

1. A nethod for locating pesition comprising:

reareiving gatelliite Lalameiry dsia from all of the
satellices in a global poziticning system constellation of
satellites;

corminicating the received satellite telemetry data to
a cenkral processing siter

prepagating selected satellite telsmetry data to a
mehile receiver; and

acguiring at leagt one aatellite signal abt said monile
raceiver using said selscred satellive data.

z. The method of claim . wiherein the sslected satellite
telemsbry data comprises the ephnererie data for each
satellite in wview of the mokile receiver.

3. The method of claim 2 wherein the selected satellits
dala cowprices z pesudo-range modecl, derived from the
epnemeris data, that reprssents & relative position of =ach
satellite in view of the monile receiver.

4. The method of claim 2 wherein kae salected satellike
celemacry data comprises a Coppler weasurswent derived Cronm
the sat=zllite ephemeris data.
5. The method of ¢laim 2 wharein sald acquiring step
further compriges:

using the selected satellite telemetry data to narrow
a frequsncy uncertainty and a code aacertainty.

6. The ratbed of claim © wherein said receiving step Zs

acaoomplished using four satelilite signal receivers.

JP 2004-504612 A 2004.2.12
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7. The method of claim 1 Further compriging:

computing a position of said mobile receiver using
said selected satellite data.
7 wherein gpaid computing step ie
performed within the mebile receiver.

4. The method of claim

9. The method of claim 7 wherein said compubing step iz
performad ak a location that ia remote from gaid mobile

receiver,

Z4. Ths method of claim 1 wherein said at least on
sat=llite sigral is a signal having a high signal strength
and said acguiring step further comprisen

uzing the at least one acyguired satellite sigmal to
aid in receiving other satellite signals having low signal

strength.

Z1. The method of claim 10 wierein said at least one
acqguired satelllrte signal is used to generate a clock and a
carrelator celay offset.

32. The method of 2laim 10 wherein paid at least one
acquired gatellite signal ie used to improve an eshimated
pzeuds-rangs computstion for satellite signals having low
siqnal strerngth.

13. A zethod for lecating position comzrising:

recaiving satellite telewetry data from a plurality of
the satellites in a glozal positiening systenm constellation
of gatellites;

communicating the received satellite telemetry data to
a central processing site;

derivirg a pseudo-range model comprising a pseudo-
range, 3 paeuco-range rate and & pseudo-range acceleration;

propagating the pseude-range model to a mobile
recalver; &ang

JP 2004-504612 A 2004.2.12
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gogquiring at least one satellite gignal at said mobile
raceiver using said pzsudo-raange model.

4. The method of claim 13 wherein =aid acguiring step
further comprises computing Doppler from sald pseudo-range
rodel.,

2%, The method af ¢laim 13 woherein said satell
telemetry data compriges a satellite cleck signal and
satellite position informabion,

Z6. 7The method of claim 13 wherein the pseudeo-range model
iz derived from satellite telemetry data comprising
ephemeris data for each zatellize in view of the mobile

receiver.

Z7. The methed of ciaim 16 wherein the satellite celemetry
data comprises a Loppler measurement derived from the
satellite ephemeris data.

I8. The mathod of cladm 13 wherein sald acovuiring step
furtiar comgrises:

using the pseundo- range medel to narrow a frequency
uncertainty and a code uncertainty.

19. The method of ciazim 13 wherein said receiving step i=z
accomplished using four satellite signal receivers.

20. The method of claim 13 further comsrising:
conpating a position of said nobile recsiver using

5ald pseudo-range model.

21. The methecd of claim 20 wherein said computing step is
performed within the mobile receiver.

22. Tne method of claix 20 wherein said computing step is
perfcrmed at a locaticn that is remete from said mobile

receiver.
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23. The method of claix 13 wherein patd at least on
satellite signal i= a psignal having a high siznal atrength
and said acquiring step further comorises: ’

using the at _east oae acquired zatellite signal to
ald in receiving other patellitc nignals having low gignal
strength.
24. The method of claim 13 wherein said at least one
azquired satellite signa’ ie used to gererate a cleck acd a
correlator delay cffset.

25. The m=mtheod of clain 13 wherein sald at least one
acguired satellite signal is used to improve an estimated
p=eudo-range computation for patellite pignals having low
signal strength.

46. BPpparatus for locaking a position of & mobils receiver
comgrising:

8 vlurality of satsllite signal receiwvere for
receiving satellite signals from all sarellites in a
constellation of ¢lcbal positioning satsllites;

a communications network, coupled to each of said
satellite signal receiwvars in said pluraiity of satsilice
signal receivers;

a sateliite data processor, coupled to said
communications network; and .

& mobile recelvar, couplad to said gakellite data
processor.

27. The apparatus of claim 26 wherein said comrunications

network comprises three of more satellite signal receivers.

28. The apparatus cof claim 26 further comprising
a wireless network for comrunicating said =atellits
data to said wobile receiver.

JP 2004-504612 A 2004.2.12
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2%. The apparatus of claim 25 wherein said sstellite data
processor generates a pseudo-range model for each mobile
receiver and communicates the pseudo-range model to the
mebile receiver.

32. The apoaratus of claim 26 wherein aaid plurzli:zy of
astellite gigmal receivers are positioned teo receive
teleretry data from ezch and every satellite im a satellite
constellation,

3L, "he apparatus of claim 23 wherein said satellite

censtellazien is a glchal pesitioning system {GPRE)

sateilite constsllation.

12, Apparatus tor Troviding aatellite data to a mobpile
receiver corprising:

a plurality of tracking stations for receiving
telemetry data from satelliZes; and

a communicstion netwerk for propagsting the telemetzy
data from all the satellites te s data srocessor.

33. The apparatus of claim 32 wherein said data prccessor
tranamitz said data to e mobile receiver,

34. Tha apparatus of claim 32 wherein sald data preocassor
produces a pseudo-range model using said telemetry data.,

365. Tha apparatus of c¢laim 32 wherein the piurality of
tracking stationg comprisz at least thrsze stations,

34. A method of receiving global positicning system (GPS)
satzllite sigrale comprising:

reteiving satellite epheveri= at a first location;

cowrunicating the satellite epaemeris to a meblle GLS
recsiver at a second locabion; and

processing satellite signals reccived at the mobile
GPS recelver uging the ephemsris Lo reduce code and

JP 2004-504612 A 2004.2.12
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frecuency uncertainty in the mobile GPS receiver to improve
acguisition sensitivity ¢f the mobile GBS receiver,

37. The method of claim 36 wherein said communicating step
is performed through a wireless path.

38. The mathod of claim 36 further comprising genarating &
peeudo-range model from sald satellite apbeweris and
communicacing the psewdo-range model to the mobile

receiver.
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