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corrections to users in a local region. Thus, there are typically three

nMej or CONPRPE9dSe128 a conventional differential GPS system FaB/USP9/88083
conponent is a reference station at a known location with a GPS receiver at
a known | ocation which is usually capable of observing all satellites in
view and optionally with software at the reference station, which could be
| mbedded in the GPS receiver, to conpute the pseudorange corrections and to
code them for specific broadcast format_; Another conponent is a radio |ink
to transmt the differential corrections WO 99/56145 -2- inreal tine to
nobi | e GPS receivers. The thlrd conponent i's the nDblle GPS recei ver which
al so includes a Sadd [E{ & RENC ) dET &I

broadcast fromthe reference statlon The dlfferentlal GPS corrections are
used by the nobile GPS receivers in a conventional nmanner to correct the
pseudor ange RERATEDAPRIICAFIONSed by conputing the relative tinmes of

arrival of signal srt aGi3a3d0aalcni@R8A bafof USTPRER ARicidlrtdria oS-

Conventional different not to operate | time or
provi de cor r 8% Q$#842,35%; fidedRmAPE! @99%@& Negman i Ksas96h this is often the

case. There are many inprovenents on differential GPS which are descri bed
I n both patent e [ These various inprovenents
concentrate M@lﬂ&h\@f@ %ﬁéh@? ﬁéﬂ&%n conput ati on and application
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domai n (pseu ] range, range- ra e error
estimates). Gotellgtatpositighingsystem.enti al GPS of fers significant position

accuracy Conventional satellite positioning systems (SPS) such as the U.S. Global
Positioning System (GPS) use signals from satellites to determine their position.

Conventional GPS receivers normally determine their position by computing
relative times of arrival of signals transmitted simultaneously from a multiplicity of
GPS satellites which orbit the earth. Each satellite transmits, as part of its
navigation message, both satellite positioning data as well as data on clock timing
which specifies its position and clock state at certain times; this data, found in
subframes 1-3 of the GPS navigation message, is often referred to as satellite
clock and ephemeris data and will be referred to as satellite ephemeris data.
Conventional GPS receivers typically search for and acquire GPS signals, read the
navigation message from each signal to obtain satellite ephemeris data for its
respective satellite, determine pseudoranges to these satellites, and compute the

~ location of the GPS receiver from the pseudoranges and satellite ephemeris data
from the satellites.

Improved position accuracy can be obtained by using a well known and
conventional technique referred to as differential GPS. With conventional
differential GPS, a single differential reference station broadcasts differential GPS
corrections to users in a local region. Thus, there are typically three major
components of a conventional differential GPS system. The first component is a
reference station at a known location with a GPS receiver at a known location
which is usually capable of observing all satellites in view and optionally with
software at the reference station, which could be imbedded in the GPS receiver, to
compute the pseudorange corrections and to code them for specific broadcast
format. Another component is a radio link to transmit the differential corrections



I nprovenent if both the reference receiver and the participating nobile GPS
receiver are in close proximty to each other. However, the

i mpr ovenent WO UWPf f erenti al GPS degrades as the separati onigﬁ}si{sggﬁ’éés 83
between the two receivers increases. One solution to rectify this degrading
of accuracy is to provide a network of GPS reference receivers which are

di spersed over a geographical area to provide area coverage which coincides
with the area in which the nobile GPS receivers may operate such that they
.tend to see the sane set of satellites.-3-n this instance, a nobile GPS
receiver may pick up differential corrections fromnore than one
differential .reference statiQ,_and t bi.l e GPS receiver, sel ect
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methods of delivering the differential corrections. The differential corrections are

for the most part in the measurement domain (pseudorange, accumulated delta-
range, and range-rate error estimates).

Conventional differential GPS offers _sig‘riiﬁcant position accuracy
improvement if both the reference receiver and the. participating mobile GPS
receiver are in close proximity to each other. However, the accuracy improvement
from differential GPS degrades as the separation distance between the two
receivers increases. One solution to rectify this degrading of accuracy is to
provide a network of GPS reference receivers which are dispersed over a
geographical area to provide area coverage which coincides with the area in which
the mobile GPS receivers may operate such that they tend to see the same set of
satellites. In this instance, a mobile GPS receiver may pick up differential
corrections from more than one differential reference station, and the mobile GPS
receiver may select those differential corrections for satellites in view based upon
the relative proximity between the mobile GPS receiver and the two or more
reference stations. The use of multiple reference stations in a differential GPS
system is sometimes referred to as wide-area differential GPS (WADGPS).

A further form of a WADGPS reference system includes a network of
GPS reference receivers and a master station which is in communication with the
reference stations to receive their measurements and compute a merged set of
ephemeris and clock correction estimates for each GPS satellite observed by the
reference stations. This master station can then provide through a transmitter a
.differential GPS message with corrections applicable over an extended range.



whi ch hel ps the nobile GPS receiver to renove errors fromthe GPS

measur ementwoop/semasur ement derived sol ution. The GPS syst emPETARSS/03083 t
the network attenpts to renove is a function of the nunber of reference
stations, their spatial placenment, and the sophistication of the algorithns
I npl emented at the central processing facility. The secondary function of
the differential networks is to provide integrity and reliability to the
differential service by performng vari@aus checks in the neasurenment and
the state space dommins. Wiile the foregoing systens provide inproved
accuracy to nobile GPS receivers, those systens are not conpatible with a
cl i ent/ ser ve Exainpleaof bicheeitderareaidifferbntiah GPSreferdnee @ msdodiudethoseinct i ons as
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system al SO [ REQIR heAnSRERARNSAIIM dthe® sPREABMAIS. data from a second SPS
ref erence receiver_having a second known, positiopn. The fi rsé%gggét al

processi ng syst em While fheforegpiag systemms proyids ipprevest acowracy; in me a froma
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which a mobile GPS receiver functions as a client system and provides

pseudorange measurements to a remotely positioned location server which
completes the calculations for the position solution by using the pseudoranges
obtained from the mobile GPS receiver and by using epheineri's data. The present
invention provides an improved method and apparatus allowing flexibility in the
positioning of location servers and also provides for improved efficiency and cost
in a client/server system.

SuU Y HE

The present invention provides methods and apparatuses for a satellite
positioning system reference system.

In one aspect of the present invention, an exemplary method processes
satellite position information by using at least two SPS reference receivers.
According to this method, a first digital processing system receives a first satellite
ephemeris data from a first SPS reference receiver which has a first known
position. The first digital processing system also receives a second satellite
ephemeris data from a second SPS reference receiver having a second known
position. The first digital processing system further receives a plurality of
pseudorange data from a mobile SPS receiver. The first digital processing system
then typically calculates the position information (e.g. latitude and longitude and
altitude) of the mobile SPS receiver using the plurality of pseudorange data and at



then typically calculates the position information (e.g. |atitude and

| ongi t ude agﬁ) §d/4d1hd'de) of the nobile SPS receiver using the gpitigdolosyss0f
pseudor ange data and at -4- least one of the first satellite epheneris
data and the second satellite epheneris data. In one particul ar enbodi ment
of the present invention, the first satellite epheneris data and the second
satellite epheneris data are a subset of the "raw' 50 bps satellite

navi gati on nessage received respectively fromthe first SPS reference

recei ver and the second SPS reference refeiver fromthe satellites in view
of those two reference receivers. In one exanple, this satellite navigation

nessage nay . i Sse d into the GPS
si gnal s whi cﬁl%ﬁsglsa S%ggtrrllgrﬁé%giﬁé%% %ﬁ%ﬁ%@)@%ﬁ@g?ﬁgﬁ%&gﬁgﬁB@e‘W&?ei vers and
transmtted tdatahkn drierparticylagembbdimentefshe prgsany inventidnnthe dust satelite or near
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for processing satellite position info tron Inc es plurality of

satel lite posbRsisaieilitgnaygation message recerved sespectivelydrer the first-SHS efereneg a known
location. It @k&Qer ah@lthélgsomd SPSifeldrencé redeivitr ofrithe PAtEIRS & iewof Hogds. The
plurality of SPS reference receivers ig d .sgerged over. a@geo ra h{)cal
regi on and eatfP FEEEASTIECLAT | 1°P%°’?Héﬁé$‘? agflite naviggtion mEsspEs $n view
of the respecthe\56 bRREr sefoad damenassage ienended kieto thed®PS kigngld whizhihaybeeh SPS
receivers trans | ot |.cation.netwar J el.lite.epheneris
data which i tre?%k%‘?Q/Igs&ec%el%sbggggégérﬁ’%tegg&fﬁgﬁ %@gé"%‘;“gkﬁﬂf"y’?f tg'lg“%i gi tal
processi ng sypioesssingesysteman reshtimp of seasorablimg. t 0 t he conmuni cati on net wor k
to receive at |eas ' | mtted
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t hrough the communj cation net wor, n.one i .east_two such
di gi tal proceBdrefsingpaeligpesiiopinfopmationdncladesiaplyrality of safelliteposiioriag,
receives a figstenP{SPS)Iréfeténed receivers, each having a known location. It also includes

a plurality of digital processing systems. The plurality of SPS reference receivers

is dispersed over a geographical region and each receives satellite ephemeris data.
from satellites in view of the respective SPS reference receiver. Each of the
plurality of SPS receivers transmits, into a communication network, the satellite
ephemeris data which it receives. This system also includes a plurality of digital
processing systems, each of which is coupled to the communication network to
receive at least some of the satellite ephemeris data transmitted through the
communication network. In one embodiment, at least two such digital processing
systems exist. A first digital processing system receives a first plurality of
pseudorange from a first mobile SPS receiver and calculates a first position
information (e.g. a latitude and a longitude) of the first mobile SPS receiver from
the first plurality of pseudorange data and from satellite ephemeris data received
from the communication network. Typically, the first digital processing system
selectively receives from the network the proper satellite ephemeris data for at least
those satellites which are in view of the first mobile SPS receiver. A second
digital processing system receives a second plurality of pseudorange data from a
second mobile SPS receiver and calculates a second position information of the
second mobile SPS receiver from the second plurality of pseudorange data and
from satellite ephemeris data received from the communication network. In one
example of the invention, the second digital processing system selectively receives
from the network the appropriate satellite ephemeris for those satellites in view of
the second mobile SPS receiver. In another example of the invention, the first and



pseudorange froma first nobile SPS receiver and cal culates a first

posi tion i RyBovBEI4EN (e.9. a latitude and a | ongitude) of therCTAUSI9/ ORI | e
SPS receiver fromthe first plurality of pseudorange data and from
satellite epheneris data received fromthe conmunicati on networKk.
Typically, the first digital processing system selectively receives from
the network the proper satellite epheneris data for at |east those
satellites which are in view of the firsi nobile SPS receiver. A second
digital processing systemreceives a seCond plurality of pseudorange data
froma second nobile SPS receiver and cal cul ates a second position
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elements.

Figure 1 illustrates a cell based communication system having a plurality
of cells each of which is serviced by a cell site, and each of which is coupled to a
cell based switching center, which is sometimes referred to as a mobile switching
center. |

Figure 2 illustrates an implementation of a location server system
according to one embodiment of the invention.

Figure 3A illustrates an example of a combined SPS receiver and
communication system according to one embodiment of the present invention.

Figure 3B illustrates an example of a GPS reference station according to
one embodiment of the present invention. '

Figure 4 illustrates an SPS reference receiver network according to one
embodiment of the present invention. |

Figures 5A and 5B show a flowchart which describes a method
according to one embodiment of the present invention.

Figure 6 shows a data flow for a network correction processor which
may be used in one embodiment of the reference receiver network according to the
present invention. '

Figure 7 shows an examplie of the data flow associated with the location
server according to one embodiment of the present invention.



elements. Figure 1 illustrates a cell based conmunication system havi ng a
plurality of cells each of which is serviced by a cell site, Rs6AdsLf
which is cHPPUFD a cell based switching center, which is somefsl Nes
referred to as a nobile switching center. Figure 2 illustrates an

i mpl ementation of a |ocation server systemaccording to one enbodi ment of
the invention. Figure 3Aillustrates an exanple of a conbined SPS receiver
and, comruni cati on system according to one enbodi nent of the present
invention. Figure 3B illustrates an examgple of a GPS reference station
according to one enbodi ment of the present invention. Figure 4 illustrates
an SPS reference receiver netwrk according to one enbodi nent of the
present i nveREIALED BESCRIEIIONd 5B show a fl owchart which describes a
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a data flow faor network correcg
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6 DETAl LD Y>égsv@é?%%{eé‘sgwﬁn%?%g°§ﬁﬁetﬁmﬁﬁ rhed DR RSB KNSRt O
reference rewllbensefuhiocesquibe viechonteit inswuch talspefetdnonr'eoéivehe typidallly| i t e
havi gation m?ﬁéd”.‘gﬁccoﬁ'ﬁﬁlglﬁﬁ ﬁégrﬁfnw discussion which refers to Figures 1, 2, and

3A will be provided before discussing the network of SPS reference receivers in

the system of the present invention.

Figure 1 shows an example of a cell based communication system 10
which includes a plurality of cell sites, each of which is designed to service a
particular geographical region or location. Examples of such cellular based or cell
based communication systems are well known in the art, such as the cell based
telephone systems. - The cell based communication system 10 includes two cells 12

‘and 14, both of which are defined to be within a cellular service area 11. In
addition, the system 10 includes cells 18 and 20. It will be appreciated that a-
plurality of other cells with corresponding cell sites and/or cellular service areas
may also be included in the system 10 coupled to one or more cellular switching
centers, such as the cellular switching center 24 and the cellular switching center
24b.

Within each cell, such as the cell 12, there is a wireless cell or cellular site
such as cell site 13 which includes an antenna 13a which is designed to
communicate through a wireless communication medium with 2 communication
receiver which may be combined with a mobile GPS receiver such as the receiver
16 shown in Figure 1. An example of such a combined system having a2 GPS
receiver and a communication system is shown in Figure 3A and may include
both a GPS antenna 77 and a communication system antenna 79.

Each cell site is coupled to a cellular switching center. In Figure 1, cell
sites 13, 15, and 19 are coupled to switching center 24 through connections 13b,
15b and 19b respectively and cell site 21 is coupled to a different switching center
24b through connection 21b. These connections are typically wire line
connections between the respective cell site and the cellular switching centers 24
and 24b. Each cell site includes an antenna for communicating with
communication systems serviced by the cell site. In one example, the cell site may



epheneris data for use by digital processing systems in the manner

descri bed Q@é mggfore descri bing various details with requ:@mtjsggmims;

ref erence sys em It will be useful to describe the context in which this
reference receiver is typically used. Accordingly, a prelimnary discussion
which refers to Figures 1, 2, and 3Aw |l be provided before discussing the
network of SPS reference receivers in the systemof the present invention.
Figure 1 shows an exanple of a cell based conmuni cation system 10 whi ch
includes a plurality of cell sites, eact/-of which is designed to service a
particul ar geographical region or I ocation. Exanples of such cellular based

or cell basegFg BHUAY ERDAGHE B SEHRicR cBmitfnloalOUE m&q&sma{ such as the

cell based t conmuni cati on stem 10
i ncl udes twottﬂqmoseSlm area servigest by tie calhisigh Tawall a@apme@atf:@thgéawtm n a

cel lular Ser\ébﬁﬁuﬁﬁ&ﬁo&}ystérﬂvﬁm She0eRl, ;d&my&m@}é@snm idef 4Ry 18 and
20. It wll apprecjated t Iuriéé ther cells with
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[ R theI isyist e&eﬁ_&ht@zﬁuﬁnadtdommmmm w‘mrtlﬁe @eélbalzap switching centers, such as
the cellular swtcghin ter .24 the C iWn ent er._24b.

W thin each cell, g&éﬁ’%ﬁﬁ f’ﬁgd’&ﬁn oflitge p{%aﬁién\feg?gnm gﬂ%&%&gg P8 cel 1 ul ar
site such as léehdludastae:ell:basddloohumumd:ammsymma{in(énnmt&gaatedﬁththhe &P8esi gned '
to communi ca onmuni cati on
recei ver whi ¢h° Jéwlk)&%&#ﬂ&ém &9&3&%%&?& c&%@@g%dé%\&%s}ﬁgh&as t he

recei ver 16 sndmdu in thei sgmedowsingnCos gkanple of thisis la callelariglepbenedipyingm havi ng
a GPS recei vep i F%'aédmﬂéﬁ&td/lﬁ&x 34 sUBminSorSdiR ftry wnﬁmt&ﬁuﬁ{\ and may

i nclude both a GPS antenpa 7 a com‘ryfpl cation S&’ nten a 79. Each
cell siteis ‘%’ERHSH“E(EF*’P%?C’JCEe hﬁ!‘ Qrpip Wg}tegbﬁt“é‘? q}iﬂzfl}F]@P ecel |
sites 13, 15commshniditions n@ﬂsrmksidnst@camdt@bame eszeiver 1@2dnd the cel bitecinect i ons
13-b’ 15b and grfsrr{xgﬁ e ltOIII\l/ %e%ec%%r(i@& t’h%'c%:ﬁ si%elli ﬁe?l?elﬁpﬂrgﬁgggd%vgpt ger ent

switching ce
connection 13b to the cellular switching center 24 and then to either another

cellular telephone in a cell serviced by the cellular switching center 24 or through a
connection 30 (typically wired) to another telephone through the land-based
telephone system/network 28. It will be appreciated that the term wired includes
fiber optic and other non wireless connections such as copper cabling, etc.
Transmissions from the other telephone which is communicating with the receiver
16 are conveyed from the cellular switching center 24 through the connection 13b
and the cell site 13 back to the receiver 16 in the conventional manner.

The remote data processing system 26 (which may be referred to in some
embodiments as a GPS server or a location server) is included in the system 10
and is used to determine the state (e.g. the position and/or velocity and/or time) of
a mobile GPS receiver (e.g. receiver 16) using GPS signals received by the GPS
receiver. The GPS server 26 may be coupled to the land-based telephone
system/network 28 through 2 connection 27, and it may also be optionally coupled
to the cellular switching center 24 through the connection 25 and also optionally
coupled to center 24b through the connection 25b. It will be appreciated that
connections 25 and 27 are typically wired connections, although they may be

~ wireless. Also shown as an optional component of the system 10 is a query
terminal 29 which may consist of another computer system which is coupled
through the network 28 to the GPS server 26. This query terminal 29 may send a
request, for the position and/or velocity of a particular GPS receiver in one of the

!
i



24b through connection 21b. These connections are typically wire line
connections between the respective cell site and the cellular_swtchin
centers 24w@ays6Ms Each cell site includes an antenna for cBRFYRPHAH g
Wi th comruni cation systens serviced by the cell site. In one exanple, the

cell site may -7- be a cellular tel ephone cell site which comunicates
with mobile cellular tel ephones in the area serviced by the cell site. It
wi |l be appreciated that a comruni cation systemw thin one cell, such as

receiver 22 shown in cell 4, may in facg-comunicate with cell site 19 in
cell 18 due to bl ockage (or other reasons why cell site 21 cannot _

communi cate with the receiver 22). In a typical enbodinent of the present
i nvention, tbalsnsithe GPSperver2@mhich then initiales aconyersation WihaRard@aTUNI cat i on

syst em whi chgps QiR tbesh e EAINIAAwiRing ReMeVBlordet ediddidtftind@E N the GPS

receiver and the comunication systemare enclosed in the sang housing. One
exanpl e of tﬁP%tIQ%“Hi/‘?,fdel%}t&Pfg’él PhiGRE VeTAR ﬁﬂ’%"'ﬂ‘l‘?@@ﬂl‘%ﬁ?’é@?‘@gaf: ceigver
whi ch shar es¢®8gaeryGertitdl 20y Inbridthéretbodiment, arposition deeninaticec & ver . Wien

t hi s conbi ne stem ed. f |1 ul tel. [ '

transmi ssi on gp%sﬁvﬁgﬁdmt"ﬁ%a P&%é}sgfe‘?{afg&ﬁﬁggQQ gm‘%gmog:e%%hh@?&k

Tr ans m'hs Si onasdrioftheirhebiled@R8 reeeivaitmaypieked dedn the c¢lbphioBe & mdichteranpr opagat ed
over the conn 3h . i Gl . 4 1.

o Ther anor nTeiagty fefiorse iFloEfion dr e il OPEbebI08 B ulmdf rifiten 1 ©

swi t chi ng centlegation pracesstin hgghanmerdnsardlad hereiB0 (typical ly wired) to anot her

t el ephone t hr ough 1 {hgulddRGoRATEA alcellGR KHIEd S/l VateaRbithiciBion systeph | | be
appreciated that the termwred j, cLudes fiber optic, and tr}er .non wreless
~connections MW‘B@“&‘S%‘H&SR’%‘WW@? %‘t@?’ef#’aé'r%[ ?‘B‘ﬁ'gr’F?"g’rﬁ WIEChHt her

t el ephone whiseed £differei peoppdphital aved, whitteisrpeedefined at any instant in time.
Typically, each transmitter is a wireless transmitter which serves a cell which has a
geographical radius of less than 20 miles, although the area covered depends on
the particular cellular system. There are numerous types of cellular communication
systems, such as cellular telephones, PCS (personal communication system),
SMR (specialized mobile radio), one-way and two-way pager systems, RAM,
ARDIS, and wireless packet data systems. Typically, the predefined geographical
areas are referred to as cells and a plurality of cells are grouped together into a
cellular service area, such as the cellular service area 11 shown in Figure 1, and
these pluralities of cells are coupled to one or more cellular switching centers
which provide connections to land-based telephone systems and/or networks.
Service area are often used for billing purposes. Hence, it may be the case that
cells in more than one service area are connected to one switching center. For
example, in Figure 1, cells 1 and 2 are in service area 11 and cell 3 is in service
area 13, but all three are connected to switching center 24. Alternatively, it is
sometimes the case that cells within one service area are connected to different
switching centers, especially in dense population areas. In general, a service area
is defined as a collection of cells within close geographical proximity to one
another. Another class of cellular systems that fits the above description is satellite
based, where the cellular basestations or cell sites are satellites that typically orbit
the earth. In these systems, the cell sectors and service areas move as a function
of time. Examples of such systems include Iridium, Globalstar, Orbcomm, and
Odyssey.



16 are conveyed fromthe cellular sw tching center 24 through the
connect i ongl3&y Ak the cell site 13 back to the receiver 16 PpCTN$99/08083
conventional manner. The renbte data processing system 26 (which may be
referred to in sone enbodi nents as a GPS server or a |location server) is

i ncluded in the system 10 and is used to determ ne the state (e.g. the
position and/or velocity and/or tine) of a nobile GPS receiver (e.qg.
receiver 16) using GPS signals received by the GPS receiver. The GPS server
26 may be coupled to the | and-based tel€hone systenl network 28 through a
connection 27, and it may al so be optionally coupled to the cellular

swi tching center r t i : . v coupl ed
o center 24b thrg{f?ﬁﬂa D413 stRRxERPREGH 4 GPSZerP 80 ¥hich @RY bODSHd ¢ coup
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receiver in gne.of h - 8- S, : Lch then
initiates a B‘(SW%FSS%'[ .ﬁ‘gﬁsevﬁo?rﬁn %ﬁ%él?) P ingtgff%ér& r%%é%‘%l? ﬁfﬁ%ﬁh t he
cel l ul ar swi exdiiange einfamation ¢o and from the lavatipmeervershpwaiin Figaredd/ or

vel ocity of Bgafgﬁ’ﬁuesaﬁfdﬁm nRRFork € RMHith ARAKSnSS nkRforkd8Y, 69 arldcgak to the
o er e

query term na n_anot nmbodi ment ,-.a position determpafion for a
GPS recei ver Thapework A9 fcidsy theyee “@%@Y“@Fﬂ%‘%ﬁ‘%m genggrssandior ‘?/@F‘?’ f or
eﬁaﬂpl te, thbbb‘é?rthﬁe §ReeniBRittiRs _GPfierc_eneiwsarAmayah lmmlesﬁ:h&h&mkﬁhe cel |
phone to indicate, ap, ene ncy. it ion at,..the |o lon of. nmobi l e GPS"
recei ver andsquré‘"igﬁg‘ﬁrﬁi 31’%&‘1%‘“?’? g’?gtSFS’r?r %P(S%%S%enﬁﬂ}’? e ?{'asr?n‘gre descri bed
her ei n. Figure 6. Thus the network 60 may be considered to include the cellular

switching centers 24 and 24b and the land-based telephone system/network 28 and

the cellular service area 11 as well as cells 18 and 20. The network 64 may be

considered to include the query terminal 29 of Figure 1 or the "PSAP,"” which is
the Public Safety Answering Point which is typically the control center which
answers 911 emergency telephone calls. In the case of the query terminal 29, this
terminal may be used to query the server 26 in order to obtain a state (e.g.
position) information from a designé.ted mobile SPS receiver located in the various
cells of the cell based communication system. In this instance, the location
operation is initiated by someone other than the user of the mobile GPS receiver.
In the case of a 911 telephone call from the mobile GPS receiver which includes a
cellular telephone, the location process is initiated by the user of the cellular
telephone. The network 62, which represents the GPS reference network 32 of
Figure 1, is a network of GPS receivers which are GPS reference receivers
designed to provide'differexitial GPS correction information and also to provide
GPS signal data including at least a portion of the satellite navigation message such
as the satellite ephemeris data to the data processing unit. When the server 50
serves a very large geographical area, a local optional GPS receiver, such as
optional GPS receiver 56, may not be able to observe all GPS satellites that are in
view of mobile SPS receivers throughout this area. Accordingly, the network 62
collects and provides at least a portion of the satellite navigation message such as
satellite ephemeris data and differential GPS correction data over a wide area in
accordance with one embodiment of the present invention.



It should be noted that a cellular based or cell based conmunication system
IS a comrmuni cati on system which has nore than one transmtter, each of

whi ch ser v#¥0&9%6618% er ent geographi cal area, which is predefi r?&}‘"éﬁ”’gm”
instant in tine. Typically, each transmitter is a wireless transnmtter

whi ch serves a cell which has a geographical radius of |less than 20 m | es,
al t hough the area covered depends on the particular cellular system There
are numerous types of cellular communication systens, such as cellular

t el ephones, PCS (personal conmunicationjgysten), SVMR (specialized nobile
radi o), one-way and two-way pager systens, RAM ARDI'S, and w rel ess packet
data systens. Typically, the predefined geographical areas are referred to
as cells and a pl dyssihomp ipFigune|6s agnass gomegsalgvice gatinepupled  the data| ul ar
service area it S TR Afhe SRA rS3ayi i3e Fhgure 1, and
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anot her. Anot her ¢l ass . of cell ul armgéstems that fits the ?]Ibg description
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providing the raw satellite navigation message from the satef{ites in view of the

various reference receivers in the GPS reference network. It will be appreciated
that the satellite ephemeris data obtained from the network through the modem or
other interface 54 may be used in a conventional manner with the pseudoranges
obtained from the mobile GPS receiver in order to compute the position '
information for the mobile GPS receiver. The interfaces 52, 53, and 54 may each
be a modem or other suitable communication interface for coupling the data
processing unit to other computer systems, as in the case of network 64, and to
cellular based communication systems, as in the case of network 60, and to
transmitting devices, such as computer systems in the network 62. In one
embodiment, it will be appreciated that the network 62 includes a dispersed
collection of GPS reference receivers dispersed over a geographical region.
Figure 3A shows a generalized combined sjrstem which includes a GPS
receiver and a communication system transceiver. In one example, the
communication system transceiver is a cellular telephone. The system 75 includes
a GPS receiver 76 having a GPS antenna 77 and a communication transceiver 78
having a communication antenna 79. The GPS receiver 76 is coupled to the
communication transceiver 78 through the connection 80 shown in Figure 3A.
In one mode of operation, the communication system transceiver 78 receives
approximate Doppler information through the antenna 79 and provides this
approximate Doppler information over the link 80 to the GPS receiver 76 which
performs the pseudorange determination by receiving the GPS signals from the



-9- Figure 2 shows an exanple of a GPS server 50 which may be used as the
GPS server 2@ ““g?’ gure 1. The GPS server 50 of Figure 2 inclpeiossos/ossa
processi ng unit which may be a fault-tolerant digital conputer system
The SPS server 50 al so includes a nodem or other comunication interface 52
and a nodem or other communication interface 53 and a nodem or ot her
communi cation interface 54. These communi cation interfaces provide
connectivity for the exchange of inforngﬁi on to and fromthe | ocation
server shown in Figure 2 between three different networks, which are shown
as networks 60, 62, and 64. The network 60 includes the cellular swtching

center or CeGIPSrsﬁteﬂﬁgi @fodghqnd &pd- anh)é}ﬁﬁd'/p mikq)ssudﬂrmgesy\tﬂeﬁ h%ﬁsrﬁ%te& he cell
sites. An exanple of this gqec&l\i\qurg Cé’fs own nlegH ere t he GPS
server 26 reffr2lasatin $arers 89 ?ﬁ’\iﬁ’irs ogn 1 E%“'Pﬂé rEhE% 60 may be
;:onzl gereg t@?mﬂﬂhhud@od@eteﬁemm bawiﬁﬂat mm cledomiraunldatividystéh and t he

an ased tel ephon st,em .net,wor ce area 1 1 as
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in the various cel f the based &?[Eum ca}n%&r%é%ﬁstem

i nstance, thé)’slt%a(\ine eh ?8 a eempine gn gystram b ?—‘han t he
user of the B&iﬁde%cx%alﬁeﬁiyeu&ﬂhgﬁl ch@omSa'ﬁlNo asm&z,sxalvﬂﬁdsmaﬁlaal from
the nobile %cggg Tphlchlmlgl ci._te IIuI teIe hon t he | ocation
process is i NM¥] 8 y ﬁ'ére %s'f O ﬂﬂ?é’ YRetwork 62,
whi ch repr esmmtwan@gsteaisdlae'ﬁr@SP&temersSQAapbe anglwed withitke methedswor k  of
GPS recel verge %'p?@seﬂtr ifivéion t§ Bﬁér%q?itﬂ fae GPS eference network of the present

invention.

Figure 3B shows one embodiment for a GPS reference station. It will be
appreciated that each reference station may be constructed in this way and coupled
to the communication network or medium. Typically, each GPS reference station,
such as GPS reference station 90 of Figure 3B, will include a single or dual
frequency GPS reference receiver 92 which is coupled to a GPS antenna 91 which
receives GPS signals from GPS satellites in view of the antenna 91. GPS
reference receivers are well known in the art. The GPS reference receiver 92,
according to one embodiment of the present invention, provides at least two types
of information as outputs from the receiver 92. Pseﬁdorange outputs 93 are
provided to a processor and network interface 95, and these pseudorange outputs
are used to compute pseudorange corrections in the conventional manner for those
satellites in view of the GPS antenna 91. The processor and network interface 95
may be a conventional digital computer system which has interfaces for receiving
data from a GPS reference receiver as is well known in the art. The processor 95
will typically include software designed to process the pseudorange data to
determine the appropriate pseudorange correction for each satellite in view of the
GPS antenna 91. These pseudorange corrections (and/or the pseudorange data
outputs) are then transmitted through the network interface to the communication
network or medium 96 to which other GPS reference stations are also coupled.
The GPS reference receiver 92 also provides in one embodiment a representation



designed to provide differential GPS correction: i nformation and al so to

provide GPS signal data including at |east a portion of the %@5 '
navi gati on W@SYEYSSsuch as the satellite ephemeris data to th %95/5&83

processing unit. Wen the server 50 serves a very |arge geographical area,
a local optional GPS receiver, such as optional GPS receiver 56, may not be
able to observe all GPS satellites that are in view of nobile SPS receivers
t hr oughout this area. Accordingly, the network 62 collects and provides at

| east a portion of the satellite navigal2on nessage such as satellite
epheneris data and differential GPS correction data over a mﬁde area in

accordance with one enbodi gP}H t he .present invention. - As shown
in Figure 6, ohallgastapeRion Sote ge%"lg%‘“’edﬁ??ﬁ@?s’l‘ rcsasllitg e HEE%Sl ng
unit 51. Typu&alduxput BheTm&maslt pfcﬁz@&d% th procdseer and aetiank ﬁmfafce p5sof t war e

and data for on_cal eul.ations ,a recei ving
pseudoranges“&\’%’rﬁ?‘?ﬂka&?gﬂp z%tiﬂ]e\ygpgnurgﬁgﬂnggtwgﬂ?é eiver 16 of Figure
1. These pseudor aigese anhodlmnmtl'ieyannmcsateﬂﬁd navigaiogphnaskagedetrdnsmitted and
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storage device es so war e n one e I'ment, which
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appr eci at ed the data in the buffer (after buffering a full subframe of 300 bits) once every 6
seconds. However, in one embodiment of the invention, at least a portion of a
representation of the digital navigation message is transmitted into the network at a
rate of once every 600 milliseconds. This high data rate makes it possible to
perform a method for measuring time as described in co-pending U.S. Patent
Application Serial No. 08/794,649, filed February 3, 1997. In this embodiment
of the invention, a portion of the navigation message is transmitted into the -
network once every 600 milliseconds by collecting in a buffer only a portion of a
subframe (e.g. 30 bits) and shifting out this portibn once the portion is collected.
Thus, the packets of data which are transmitted from the processor 95 into the
network have a smaller portion of the navigation message than what could be
provided at in packets created from a buffer of one full subframe (of 300 bits). It
will be appreciated that once the buffer has collected the portion of the subframe
(e.g. 30 bits), the data may be shifted out into packets which are transmitted at
very high data rates (e.g. 512K bps) over the network of the present invention.
These packets (containing fewer than a full subframe) are then reassembled at a
receiving digital processing system by extracting and concatenating data from
several packets to recreate the full subframe.

In one embodiment of the invention, each GPS reference station transmits

a representation of at least a portion of the satellite navigation message and the
pseudorange data (rather than the pseudorange correction data). The pseudorange
correction data can be derived from pseudorange and ephemeris information for a
particular satellite. Thus, a GPS reference station may transmit into the network
either pseudorange correction data or ephemeris (or both). However, in a



that the satellite epheneris data obtained fromthe network through the
nodem or O¥Resdeiier f ace 54 may be used in a conventional naPCIVYUSISO8BI3he
pseudor anges obtained fromthe nobile GPS receiver in order to conpute the
position information for the nobile GPS receiver. The interfaces 52, 53,
and 54 may each be a nodem or other suitable conmmunication interface for
coupling the data processing unit to other conputer systens, as in the case
of network 64, and to cellular based co ni cati on systens, as in the case
of network 60, and to transmitting devi'¢gs, such as conputer systens in the
network 62. In one enbodinent, it will be appreciated that the network 62
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set overlap.

Referring back to Figure 3B, the satellite ephemeris data output 94
provides typically at least part of the entire raw 50 baud navigation binary data
encoded in the actual GPS signals received from each GPS satellite. The satellite
ephemeris data is part of the navigation message which is broadcast as the 50 bit
per second data stream in the GPS signals from the GPS satellites and is described
in great detail in the GPS ICD-200 document. The processor and network
interface 95 receives this satellite epheméris data output 94 and transmits it in real
time or near real time to the communication network 96. As will be described
below, this satellite ephemeris data which is transmitted into the communication
network is later received through the network at various location servers according
to aspects of the present invention.

In certain embodiments of the present invention, only certain segments of
the satellite nav1gat10n message may be sent to location servers in order to lower
the bandwidth requirements for the network interfaces and for the communication
network. Also, this data may not need to be provided continuously. For example, -
only the first three subframes which contain ephemeris information rather than all
5 subframes together may be transmitted into the communication network 96 when
they contain updated information. It will be appreciated that in one embodiment of
the present invention, the location server may use the navigation message data
transmitted from one or more GPS reference receivers in order to perform a
method for measuring time related to satellite data messages, such as the method
described in co-pending U.S. Patent Application Serial No. 08/794,649, which



transcei ver 78 sends a signal through the antenna 79 to a cell site which
then transfers thIS I nformati on back to the GPS server, such 9§P ver
26 of F|guF§ i ﬁ%ﬁnples of various enmbodiments for the system are known
in the art. For exanple, U S. Patent 5, 663,734 describes an exanple of a
conmbi ned GPS receiver and comuni cation system which utilizes an inproved
GPS recei ver system Another exanple of a conbined GPS and conmuni cati on
system has been described in co-pending Application Serial No. 08/ 652,833,
which was filed May 23, 1996. The systeﬂﬁ75 of Figure 3A as well as
nunerous al ternative comuni cation systems having SPS receivers, may be
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outputs 93 are rocessor and network 1 nterface 95, and these
pseudor ange quﬁ?dt@ef&%éhqmnﬂcﬁE%ﬁ?ﬁﬂVéfﬂ@%#m@'ﬁb’ﬁ%ﬁ%s in the

conventional naRRREN i‘r@gsagb@ﬁsm@&ﬁkluké@@ th8 106aFMcAfontsBRe 3T thhieawex 91. The
processor and &éetvvor K in

erface EE% E?e a.conventignal digital conputer
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appropri ate pse §6r An correc n_view O
117 whlch are coupled to a communication network or medium 103 which

corresponds to the communication network 96 of Figure 3B. Network
correction processors 110 and 112 are also coupled to the communication network
103. Five GPS reference stations 104, 105, 106, 107, and 108 are shown in.
Figure 4. Each of these reference stations is coupled to the communication
network 103. Each GPS reference station, such as GPS reference station 104,
corresponds to the exemplary GPS reference station 90 shown in Figure 3B, and
the communication network 103 corresponds to the communication network 96
shown in Figure 3B. It will be appreciated that the GPS reference stations, such
as reference stations 104-108 are dispersed over a geographical region in orderto
provide receiver coveragé for GPS signals which may also be received by mobile
GPS receivers. Typically this coverage between adjacent reference stations
overlaps such that a complete geographical area is completely covered. The
geographical region for the entire network of reference stations may span the entire
world or any subset thereof such as a city, a state, a nation, or a continent. Each
GPS reference station, such as GPS reference station 104, provides pseudorange
correction data to the communication network 103 and also provides the raw
navigation data message which is used by the location servers as described herein,
such as location server 115. As described below, the location servers may be
fewer in number than the reference stations and thus will be processing
pseudorange data from widely separated mobile GPS receivers. For example, one



GPS antenna 91. These pseudorange corrections (and/or the pseudorange data
out puts) awmeob#rsdradransmtted through the network interface tRCEAI899/08083
comuni cation network or nedium 96 to which other GPS reference stations
are al so coupled. The GPS reference receiver 92 also provides in one
enbodi nent a representation -12- of at least a portion of the satellite
navi gati on nessage such as a satellite epheneris data output 94. This data
is provided to the processor and networlsinterface 95 which then transnmits
this data onto the conmuni cati on network 96. In one enbodiment, the entire
satellite navigation nessage is transmtted into the network from each
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described further below. Typically, these processors determine the proper
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pseudorange corrections from pseudoranges and ephemeris having the same
applicable time and merge the appropriate sets of corrections and ephemeris data
into one set having the same or overlapping applicable time. The merged set is
then retransmitted on the network for recelpt by the location servers which are
coupled to the network.

Figures 5A and 5B show in ﬂowcbart form a method of one
embodiment of the present invention. In this method 200, each GPS reference
receiver receives satellite ephemeris data from GPS satellites in view of the
particular reference receiver and transmits the satellite ephemeris data (navigation
message) into a communication network, such as a packetized data network 103
shown in Figure 4. In a typical embodiment of this step 201, each GPS signal
from a GPS satellite in view of the particular reference receiver is decoded to
provide the binary 50 bit per second data stream which is present in the GPS
signal, and this 50 bit per second data stream is transmitted into the communication
network in real time or near real time. In an alternative embodiment, only portions
of this data stream may be transmitted into the network as noted above. In step
203, each GPS reference receiver determines pseudorange corrections for
pseudoranges to GPS satellites in view of the reference receiver; this operation
may be performed in the conventional manner using a controller computer, such as
the processor and network interface 95 shown in Figure 3B. These pseudorange
corrections from each GPS reference receiver are then transmitted into the



Thus, the packets of data which are transmtted fromthe processor 95 into

the network have a snaller portion of the navigation nessage
coul d be pr¥QP¥&et4at in packets created froma buffer of one l;fﬂgllqs%@g#srsame

(of 300 bits). It will be appreciated that once the buffer has collected
the portion of the subframe (e.g. 30 bits), the data may be shifted out

I nto packets which are transmtted at very high data rates (e.g. 512K bps)
over the network of the present invention. These packets (containing fewer
than a full subframe) are then reassenbtléd at a receiving digital
processi ng system by extracting and concatenating data from several packets
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at least a portion of the navigation message, such as satellite ephemeris data, and

the merged pseudorange corrections from the network. Thus, for example,
location server 115 may receive navigation message data which has been
transmitted into the network by various GPS reference stations. This data is
typically provided in a near real time manner, and typically each location server
will receive at least satellite ephemeris data from two reference stations and often
many more. Typically, the received satellite navigation message data is decoded
by the location server to provide satellite clock and ephemeris data and is stored on
the server, allowing the location server to calculate satellite positions and clock
states on demand. This ephemeris data is used to calculate the position of a mobile
GPS receiver after that receiver provides pseudoranges to satellites in view of the
mobile GPS receiver. Thus, in step 209, the first location server receives
pseﬁdoranges from a first mobile GPS receiver and determines a position of the
first mobile GPS receiver from satellite ephemeris data received from the network
and from pseudoranges originating from the first mobile GPS receiver. The use of
the network of reference stations allows the location server to calculate positions of
mobile GPS receivers over a dispersed area which corresponds to the area of
coverage of a GPS reference receiver network. Thus, rather than having a single
GPS receiver located at the location server and providing ephemeris data to a
location server, the dispersed network of GPS reference stations as shown in
Figure 4 allows the location server to provide position calculations for widely

| dispersed mobile GPS receivers. As shown in Figure 4, a second location
server may also be coupled to the communication network 103 in order to provide



of epheneris, range neasurenents (e.g. pseudoranges) and/or corrections
froma pl “r@b'9§/¥6ﬂ§ satellites which is applicable at one parpcTmsas/08083
instant in tine. A set may be nmerged with other sets of data as |ong as the
times of applicability of each set overlap. Referring back to Figure 3B,
the satellite epheneris data output 94 provides typically at |east part of
the entire raw 50 baud navi gation binary data encoded in the actual GPS
signals received fromeach GPS satelllt? The satellite epheneris data is
part of the navigation nessage which is Eroadcast as the 50 bit per second
data streamin the GPS signals fromthe GPS satellites and is described in
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This may be performed by placing header packets or other addressing data with the
satellite ephemeris data transmitted from a reference station and the corrected
pseudorange corrections in order to address the data to a particular location server.
In step 213, the second location server receives pseudoranges from a second
mobile GPS receiver and determines the state (e.g. position) of the second mobile
GPS receiver from the satellite navigation message data received from the network
and from the pseudoranges originating from the second mobile GPS receiver.
Figure 6 illustrates an example of the data flow in connection with a
network correction processor, such as the processor 110 of Figure 4. Each
network correction processor merges corrections from multiple reference stations
into a single set of corrections (and adjustments) having substantially the same
applicable time for use by a location server. In one embodiment, one particular
location server may, if it fails to receive correction data from a particular network
correction processor, request the same information from a backup network
correction processor in a geographically diverse location. Upon arrival at a
network correction processor, each correction set is buffered in memory for
lookup and use as necessary. Atmospheric errors are removed, and the
corrections are merged to form a best estimate of ranging error due to satellite
clock and position errors (including SA dither). These merged network
corrections are then transmitted, along with key ionospheric data and the most up-
to-date navigation message for appropriate satellites in view. In one particular



-14- was filed February 3, 1997, by Norman F. Krasner. It will be also
under st ood_t ha e GPS reference receiver 92 decoded the di

si gnal s frglrﬂ%gﬁ‘fé“(}i fferent GPS satellites in view of the ref gﬁ@?’?ﬁ%i ver
92 in order to provide the binary data output 94 which contains the
satellite epheneris data. Typically, the packets of data are not addressed
to specific location servers and include portions of the navigation nessage
and include an identifier of which data was received fromwhich satellite;
in sonme enbodi nents, the packets may at¥e specify an identifier of the
transmtting reference station. In sonme enbodi ments, the optional GPS
receiver 56 e the.primary source of navigatio ssage data which is
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105, 106, 10ffst mfrtencgstation may Mrsompared 3gainsta pseudarange copeciiontafhs ence
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103 cor r espodiggerseal teferemersmtions stchoas theswatols 98- Kldshownrinfigureed.3B. 1t wil |
be appreci at.gg, %J@ﬁ&oré\t' SGrrechid &rtfgkgﬁanﬁttﬁé bgﬂgatioﬁ%&s dafif GhigHCE Stations

104- 108 are di spersed ©ver a geogr I ca 2gron _in order to provide
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within the GPS signals is transmitted to a network correction processor. The
network correction processor extracts iono parameters 310 and creates a correction
set for a single epoch 309. Atmospheric delays are removed and merged
corrections are created 316. The data flow of the various operations described
herein is further shown in Figure 6. .

Figure 7 illustrates an example of the flow of data in connection with a
location server. Figure 7 illustrates at least three different components of the
system which are typically remotely located relative to the location server. The
reference receiver network 401 corresponds to the reference stations 104-108 of
Figure 4. These reference stations are coupled to the location server through a
communication network, such as the network 103 of Figure 4. The reference
receiver network 401 provides corrections and/or pseudorange data via the data
network 403 and provides at least a portion of the navigation message 405 also via
the data network. This navigation message typically includes the so-called satellite
ephemeris data which is in one embodiment the 50 baud data stream in the GPS
signals from each GPS satellite. The corrections 406 are merged, and checked for
internal consistency in a correction processor and passed to the location server as
corrections 408 and, optionally, geographic corrections, through the
communication network. The navigation message data 407 is used to extract the
ephemeris data for state (e.g. position) calculations for mobile GPS receivers. The
state (e.g. position) calculation 410 may be aided by altitude estimates 412 from a
terrain elevation database 411. The location server typically receives on a
continuous basis both the correction data and the navigation message data via the



GPS receivers. Typically this coverage between adjacent reference stations .
over |l aps swyfdodidiads a conpl et e geographi cal area i s conpl et el yyawussmdos3The
geographical region for the entire network of reference stations may span
the entire world or any subset thereof such as a city, a state, a nation,
or a continent. Each GPS reference station, such as GPS reference station
104, provi des pseudorange correction data to the conmunicati on network 103
and al so provides the raw navi gation datdg_hmassage which is used by the
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these proces %eocgfsvexd gég%s%f?ﬁth%@?cl?arngg %t data. Typically, Doppler data 423 is
provided to a mobile GPS receiver 424 (based upon approximate position data
from the mobile receiver or a cellular network element) and then pseudorange data
425 is provided by a mobile GPS receiver to a client interface 420 on the location
server. This location transaction may, as pbihted out above, be initiated at the
mobile GPS receiver by pressing 911 in the case of a cellular telephone, or it may
be initiated by a remote operator 422 which may be considered to correspond to
the query terminal 29 of Figure 1. As shown in Figure 7, the Doppler
prediction 414 is provided from the location server through the client interface 420
to the mobile GPS receiver 424, and the mobile GPS receiver typically responds
with pseudorange data 425 which is used in conjunction with the ephemeris data
409 to determine the position of the mobile GPS receiver. The position calculation
may be performed with any of various conventional position calculation algorithms
found in typical GPS receivers. This position, shown as navigation solution 414,
may then be provided to client interface 420 which then may transfer this
information through an executive module 421, which is typically a software
module, to a remote operator 422. In one embodiment, the remote operator 422
is a PSAP (Public Safety Answering Point) which is the control center which
answers 911 telephone calls.

The client interface 420 manages the communication link between the
location server and the client, such as a mobile GPS receiver. In one embodiment,
one client interface object is allocated to each mobile GPS receiver by the executive
interface. The client interface may typically be implemented by software operating
on the location server. The executive module 421, which is also typically software



pseudor ange corrections from pseudoranges and epheneris having the sane
applicable tinme and nerge the appropriate sets of correction ris
data into ¥RI¥¥I4having the sane or overl apping applicable t (ﬁg&gﬁ,ﬁgﬁg‘a
nmerged set is then retransmtted on the network for receipt by the location
servers which are coupled to the network. Figures 5A and 5B show in
flowchart forma nmethod of one enbodi ment of the present invention. In this
met hod 200, each GPS reference receiver receives satellite epheneris data
fromGPS satellites in view of the part20ul ar reference receiver and
transmts the satellite epheneris data (navigation nessage) into a
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net wor o n proc
position), it will be apprec1ated that other architectures may be employed w1th the

present invention. For example, a mobile SPS receiver may determine its own
position by receivirig SPS signals and determining pseudoranges and by receiving
and using satellite ephemeris data (e.g. from a location server which sends
appropriate satellite ephemeris data based on the approximate location of the
mobile SPS receiver determined from the cell site which is communicating with the
mobile SPS receiver). In this example, the location server receives the satellite
ephemeris data from the receivers of the reference network and upon a request for
the location of the mobile receiver, transmits the appropriate satellite ephemeris
data to the mobile receiver through the cell based communication system (e.g. a
cellular telephone system). The satellite ephemeris data which is appropriate is
typically determined from an approximate location of the mobile receiver; this
approximate location may be determined from the location of the cell site which
has established a cell based wireless communication link with the mobile receiver.
The location server may determine this approximate location from an identifier
provided by the cell site; various techniques for determining and using the
approximate location are described in co-pending U.S. patent application Serial
No. 08/842,559, filed April 15, 1997 by Norman F. Krasner, which application is
hereby incorporated herein by reference. The approximate location will determine
the satellites in view, and the location server may then transmit satellite ephemeris
data for those satellites through a mobile switching center and the cell site to the
mobile receiver. The location server may also transmit Doppler prediction data
and/or satellite almanac and/or pseudorange corrections to the mobile SPS receiver
in this example.



. 110, which is coupled to the conmunication network, such as comunication
net wor K 10&0%%;‘6@45\/% satellite epheneris data and the pseud®cungsy9,08083
corrections e network correction processor may produce a set of nerged
pseudor ange corrections and perform other operations as descri bed bel ow.
These nerged pseudorange corrections are then transmtted into the

comuni cati on network, such as communi cati on network 103, in order that
this information may be received by thesyarious |ocation servers which are
al so coupled to the communi cati on network. The nethod continues in step 207
in which a first | ocation server receives at |east a portion of the

navi gati on rressagaltmughttmsnexhatdslahdtappa'pﬂuenﬁmespr@aménvmhi@nﬂlhee heanged

pseudor ange néggc(.lggg {Nﬂﬂﬁe{e{&@ {JG’P@?&%% it -Yﬁc a E%ﬁﬁ ﬁxe tls?c?ﬁg‘sm tted

server 115 ecel ve navil I On nessage een
into the net amrdqual}'y opplicahle tmlm@@ﬁ@mﬂfa@h l%‘h‘!aze PWH@ 8t q s typically

provided in @oﬂﬁﬁfﬁ htibf 8t sétélﬁi!%s BRpRhdolRE¢] rﬂééaaaﬁéwegaﬁiadlbagai ion server
wll receive at |least satellite e gemarlsmgata é%n refe en e stations
and of ten maHpnspiters whish E&aﬁ‘&m%ﬁ Gode £5iiar ©A F‘ﬂ@al?l LR Message
daLa is degoﬂ,eb“hnﬁétahﬁ& sigaalagemlgeerynemome@mum ﬁmtaelﬂackli gagdmickr and
epheneris data and i.s server on server to
cal cul ate sat“éaly €asS1g B%‘h‘i“l}ﬂ%eog\rmo% T t?t"ﬁ?%‘é’%ﬁ@%ﬁﬂ%yaf% sltephemarl s
data is used réeiveal Esduﬂbhtes e qseﬁ;tl in sivmatndnsawinaybiGPS siz@ly fromi almrbmhger t hat
e ver . PP tkelRe RN TR BRANRNE S o bk Sl SR of BiheF D102 CPS

recei ver. Th&%te ocatl on 'server recel ves
pseudor anges afera&rﬁ[' he fqmlslsatnﬂ)ltﬁ"l %Smhﬂ@é‘eFs\ﬂéﬁndﬂtodwléﬁﬁi’ﬁégohteﬁés| tion of

the first ”Dléﬁléx%?@ﬁé df ﬁ&ﬁfesiirﬁrfhémld;psei ﬁﬂb%&é@h&ainalsna&aue@d from
the network a rom

t f f bile GPS
recei ver. Théo insiudsiG &fguﬁg‘rﬁ%? %H?Igfﬁleg‘?‘g&%slrl%gqu{"&pp rPS pﬁﬁl“}r ergchla Foc ation
server to cal cul atig tiogretedipsdisdussion thednvdntion hasheearisswibed wititietparcsed ar ea
whi ch corres Ond@{c}qun PP\%H?‘E‘F‘] ;f\}ll?tf %SgYeesr(?%ﬁaélqjosﬁng§ Sra?elﬁtre?&?'g) s?s? ver

net wor k. Thus®
It should be evident, however, that these methods are equally applicable to similar

satellite positioning systems, and in, particular, the Russian Glonass system. The
Glonass system primarily differs from GPS system in that the emissions from
different satellites are differentiated from one another by utilizing slightly different
carrier frequencies, rather than utilizing different pseudorandom codes. In this
situation substantially all the circuitry and algorithms described previously are
applicable with the exception that when processing a new satellite's emission a
different exponential multiplier corresponding to the different carrier frequencies is
used to preprocess the data. The term "GPS" used herein includes such alternative
satellite positioning systems, including the Russian Glonass system.

In the foregoing speciﬁcétion, the invention has been described with
reference to specific exemplary embodiments thereof. It will, however, be evident
that various modifications and changes may be made thereto without departing
from the broader spirit and scope of the invention as set forth in the appended
claims. The specification and drawings are, accordingly, to be regarded in an
illustrative rather than a restrictive sense.



GPS receiver located at the | ocation server and providing epheneris data to
a location server, the dispersed network of GPS reference stations as shown
in Figure AQPYHIA t he | ocation server to provide position cHTUVYBME for
wi dely dispersed nobile GPS receivers. As shown in Figure 4, a second

| ocation server may al so be coupled to the comruni cati on network 103 in
order to provide -17- position solution calculations Tor nobile GPS

receivers. It will be appreciated that in one enbodi nent t '
server 117 may be a redundant/backup sgkver for the | ocat i| || %m“mﬂm’m‘!l
e

case the location server 115 fails. Typically, each |ocation servernw

a fault-tolerant conputer system In situations where high data processing
demands may GAMSiced on a particul ar |ocation server due to the dense
popul ati on thgfga?&ﬁﬂ-govered by the | ocation server, several |ocation
servers may be dep oyed'in this region in addition to redundant | ocation
servers. Step 211 and 213 illustrate the use of the second | ocation server

in a nmethod jof the rRERYAVprdcBsatY datllite pBsifibf tfernationdn & S&OMEE | ocati on
server receives, satellite ﬁghemarl S gc?ta and corrected pseudorange
 Sudgpeth

correct i ons POPHQPING SYStEm{Y CtHeY GRIPROSIE: Wi | | be appreciated that the
satel lite ephenerreciving a o fasedigiral grocessing syseeeh whikst samlitdéphemeris data

tellite- ific f h |i.t i ch i ' f th f
Stations in the corrodbURaTRy SheckebufalE s SR, vor 1170 Thi e
may be performed rbseivihgat saigl firstdigitalpaodessing system hsecond dateBiss ephereria i t h
the satellite ephenerigfiabd JealnSpd fleiveCllivind PIRHRIKSowA Bbdifidh;and the

or 0 addr e data fo0’a

corrected pseudorange corrections_in er ess
particul ar | ocat ifesfiyag slsaid finst digitpl processing sysiase a pinralisy of pssuderange r

recei ves pseudor anges dafifdm aTREIRASPIRLLPeriPS ecei ver and determines the
state (e.g. posi tclaﬁrl]l?atigg atpggxtigr? ft&&gmgl%glof %aid mobile SPS receiver using said

plurality of pseudorange data and at least one of said first satellite

ephemeris data and said second satellite ephemeris data.

2. A method as in claim 1 wherein said first digital processing system
calculates said position information.

3. A method as in claim 1 wherein said first digital processihg system is
remotely positioned relative to said first known position and wherein said first
SPS receiver is a first reference receiver.

4. A method as in claim 3 wherein said first digital processing system is
remotely positioned relative to said second known position, and wherein said
second SPS receiver is a second reference receiver.

5. A method as in claim 1 wherein said first satellite ephemeris data is
received from a first set of SPS satellites in view of said first SPS receiver and
wherein said second satellite ephemeris data is received from a second set of SPS
satellites in view of said second SPS receiver.

6. A method as in claim 1, said method further comprising:
receiving at said first digital processing system a first pseudorange
correction data from said first SPS receiver;



GPS receiver fromthe satellite navigation nmessage data received fromthe
net wor k an 65% he pseudoranges originating fromthe secongdmiyeb 8sded’S
receiver. Figure illustrates an exanple of the data flow in connection
with a network correction processor, such as the processor 110 of Figure 4.
Each netwbrk correction processor nerges corrections fromnmultiple
reference stations into a single set of corrections (and

having substantially the same applicable tine for use by”mwmummmnm .
I n ‘one enbodi ment, one particular |ocaPon server may, if*itcfail#té

recei ve correction data froma particular network correction processor,
request the sane | r Rt é? r ' rocessor in
a geographi cal | y mngt %{s{%ﬁ?ﬁﬂ ongégggggt%g%eg&{dﬁg&d‘ﬁ% rrection
processor, each correwmmmataﬁomﬂaimdndﬁPMrvffor | ookup and use as
necessary. Atnospheric errors are renoved, and the corrections are nerged

to forma best estimate of ranging error due to_satellite cl ock and
position errlors (A methediasdn dainy b hersin atigast ongof spid IEL PHYCRIAEE r ect i ons are

then t{ansmcbh@@honadfawd\wd%ew s | ﬁo@redﬁé@dam dsb@tdﬁ&ﬁfectlﬁ%dtol dat e
navi gati on message for 0 e sate in view ne particul ar
-18- enbodi rﬂi‘l‘ﬁ‘h ﬂﬁpéelﬁdﬂ% ?ra?tPgﬁ‘?mfim Y gﬁS??é?feP&réﬂ Pma’éjcé ag‘ﬁ’grle‘étﬁdl ocation
servers (whiphirahgofipeariorhmge dmat ed as the addressees of the corrections
fromthe network correction processor). Because each satellite vehicle is
tracked by nore than one reference receiver in one enbodi nent, each set of
net wor k corr&actlohmedmddsmdhmﬁédlet%ﬂ@mémsubmtl@tmﬂoe@r@l@ﬂ@m:y Thus, a
pseudor ange 458 kbAtudd Aol 4 Rbud EhfeRELardRirh ANleAR 6ol of SATAAL o0

against a p orange correction he 'same satelli te froman adj acent
reference s tséteilé‘hemhﬁm?ﬁ‘é data andsaid ﬁ%ﬂ°n€ sefsilits ephetperip data.

9. A method as in claim 5 wherein said first satellite ephemeris data comprises
navigation messages from said first set of SPS satellites and said second satellite
ephemeris data comprises navigation messages from said second set of SPS

satellites.

10. A method as in claim 1, said methdd further cbmprising

receiving at a second digital processmg system a first pseudora.nge data
from said first SPS receiver; -

receiving at said second digital procéssing system a second pseudorange
data from said second SPS receiver;

performing a correction using said first pseudorange data to providea
merged first pseudorange correction data and performing a
correction using said second pseudorange data to provide a merged
second pseudorange cotrection data;

transmitting at least one of said merged first pseudorangc correction data
and said merged second pseudorange correction data to said first
digital processing system.

11. A method as in claim 10 wherein at least one of said merged first
pseudorange correction data and said merged second pseudorange correction data
is used to correct said plurality of pseudorange data from said mobile SPS receiver
to provide a corrected plurality of pseudorange data.



shown in Figure 6, the reference stations 301 represent the geographically
di spersed reference stations such as the stations 104-108 shown in Figure
4. The pseWDIUF6H4S correction data 303 and the navigati on nmefSEIFESGLER3

whi ch includes, in one enbodinment, at |least a portion of the 50 bit data
stream contained within the GPS signals is transmtted to a network —
correction processor. The network correction processor extracts iono

parameters 310 and creates a correction set for a single mnnmlﬁiﬂmml“mL '
At nospheric del ays are renoved and nergpgt corrections arel i
data flow of the various operations described herein is furtHer *shbwn’in

Figure 6. Figure 7 illustrates an exanple of the flow of data in connection
with a location server. Figure 7 illustrates at |east three different

Cﬁrrplonent s ofat heAsm%rsarhmh }c@é]nﬁtlewﬁét@ih_%aiki'gbsilti@fmifghﬁadfh%lbﬂéhléteh ative t ﬁ
the | ocation_server. e.r rence' recei ver networ corres s to the
ot er ence. ot PTG SrumeSieg glismlihoh e daran faed Spd ot Sastotie g R Kt

coupl ed to tsmellirephemerisduta/ard sahi ssoord satetliteepidnsaisidata. net wor k, such as the
network 103 of Figure 4. The reference receiver network 401 provides

corrections and/ or pseudorange data via the data network 403 and provides
at |l east a pb3ti oA methothes iigalk? wherpipseiddusisasliie ephemesisidata isiat a net wor k.
Thi s navi gat | bR lgfblni’ ASFIPSG hg&@ labd i€

epheneri s da?gﬂﬁﬂﬁﬁﬁ&??‘%wgﬁggéﬁ% |_ma%tﬁ§sttﬁe 50 bagtg at aﬁ%tﬁr ea’%ﬁ in the
GPS si gnal s FiewrafsaidfirsriPSieeiven and saigdisecqnd saiellite gphemesis datads derypdd, and

checked for [rBiaiavedation RidsSigeymi dsedomDict SCSPS BatélliRs GAHEH ardfisivigassfed t o
the | ocation sﬁrver %?ﬁcor rections 408 and, optionally, geographic

correcti ons, SH SFORA SERICEWituni cati on network. The navigation nessage data
407 is used to extract the epheneris data for state (e.g. position)

eutat] . eris data po:
cal cul ati on 1o, i ReiBa i AGEFINFhdteiy 1A (eI othenfIR W)

el evati on darespived mpmysaidrfiest $BR srceiyer heoughrsaid sspend digital dregessiag on a
continuous bggten PAkRaIINBcdHAhRAlE Sphetftird dalds FieivBd FroaPédidfcbRs SPSe dat a

via the . . .
’ receiver through said second digital processing system.

15. A method as in claim 12 wherein said first digital processing system -
comprises a first fault tolerant computer system and said second digital processing
system comprises a second fault tolerant computer system and wherein said first
pseudorange data comprises at least one of first pseudoranges to satellites in view
of said first SPS receiver and first corrections for pseudoranges to satellites in
view of said first SPS receiver.

16. A method as in claim 12 wherein said first digital processing system is
coupled to said mobile SPS receiver through a wireless cell based communication
system.

17. A method as in claim 16 wherein said wireless cell based communication
system comprises a mobile switching center.

18. A method as in claim 17 wherein said first SPS receiver, said second SPS
receiver, said first digital processing system and said second digital processing
system are coupled together through a packet data network.



-19- communi cation network, such as the network 103. It will be appreciated
therefore tygloe/kéigs source of the satellite epheneris data i s pOT/UBYMOBES

| ocal GPS recelver which is co-located with the |ocation server, but rather
froma network of GPS reference receivers, such as the referemeﬁaMm_.

104-108 of Figure 4. In this manner, the Iocation server erve a larg
geogr aphi cal area which would not be possible with a refe m l,”mgm
co-located with the |ocation server. V\h'$e the location s

receive at least a portion of the satel*fte navigati on nessage atd afd *

correction data fromthe GPS reference receiver network, it may receive

requests forighe pogk b@gsﬁlfclﬁnfmp's&i@rrhgﬂ%dm |FN&EP§MH§§h I s shown as

clients 424. "A typical transact]on ei ver begins with
the exchange of dacalvingasiadhird digitalprpeassing sysiem sydifisstpseidogengerdstan nobi | e
GPS recei ver 424I l(b?seqrdﬂpm ﬁmlspslréea@rpgm LI on datg fromthe rmngISe

br ovi dod by a mobFENEIS SHOChL FIEtE BORRBR SR S1A SEPUATGOUPTERES | ocat i on
SeI‘VﬁI‘ TB'? | ocati on kiaal‘fﬁﬂﬁkéld@edmyl,SPSS‘edeﬁ ed out above, be initiated
at the mobile GPS_recei.ve cas . cel | ul.ar

t el ephone, or it RE 0'%99'“ i%‘?/ @gﬁ%@ggp:?oé%ﬁ% &Emaa\%)?regé??\‘)ﬁlpéﬁmﬁay be
considered to corresporfmsttpseudomngadalspwprmdwdmd&ﬁemdﬁrg@smdbram shown in
Figure 7, the Doppler m?ﬁ::% r%ghk%: jqon server
t hr ough the client int gr gééfghﬁ{%%aéaébeﬁé \élcgﬁ%!’gnr ec and the
nmobi | e GPS recei ver ty;pﬁ@&lprapg¢e@rmﬁmdﬁattﬁpwmddngree@mndz5 which is

used in conjunction W tphedd &nﬁ@b&%ﬁoﬁdﬂ&%éﬁ&stam&@w fthl ok &8ingOSI ti On
of the nobile GPS receiver. €05|t|on calc | ati 364{&?% erforrred wth

any of various convent SHHER iHeeR 1F<9ﬁre€51"&rtﬂsﬂ Brres

correction data and said merged second pseudorange correction
data from said third digital processing system.

20. A system for processing _élatellite position information, said system
comprising:

a plurality of satellite positioning system (SPS) reference receivers, each
having a known position, said plurahty of SPS reference receivers
being dispersed over a geographical region, each of said plurality
of SPS reference receivers transmitting, into a communication
network, satellite ephemeris data received from satellites in view of
each of said plurality of SPS reference receivers;

a plurality of digital pi'occssing systems, each coupled to said
communication network to receive satellite ephemeris data
transmitted through said communication network, said plurality of
digital processing systems coniprising a first digital processing
system and a second digital processing system, said first digital
processing system recéiving a first plurality of pseudorange data
from a first mobile SPS receiver and calculating a first position
information of said first mobile SPS receiver from said first

~ plurality of pseudorange data and from satellite ephemeris data
received from said communication network, and said second digital
processing system receiving a second plurality of pseudorange data
from a second mobile SPS receiver and calculating a second



found in typical GPS receivers. This position, shown as navigation solution
414, may then be provided to client interface 420 which then é‘{ﬁt’ er
this inform?s’éﬁl‘%nrough an executive nodul e 421, which is t§ﬁ. F’gﬂ’?
software nodule, to a renote operator 422. In one enbodi-rentt+he-rerpte—
operator 422 is a PSAP (Public Safety Answering Point) which is the control

center which answers 911 tel ephone calls. The client int ﬁmﬂmmanlmmﬁt
t he conmuni cation |ink between the |ocation server and t ARl L .
a mobile GPS receiver. In one enbodi nen2é- one client interface objéct’is

all ocated to each nobile GPS receiver by the executive interface. The
client interface may typically be jnplenented by software operating on the

| ocati on server. The ePagitipR fommationofsaid secpndmobile SESpreeiyer fram ssids of t war e

-20- operating on the lseeatliphitalitgiof pseudofanie dataiald Gofrosubslitk eplRgsETRSS renot e
operation requests. It %so controls the interface to external databases

and perforns network JEF %%WWBWHPCW ractions as

necessary. Typically, a particular |ocation server will provide nultiple

y. 1yp y p p p

renote operator int - @Wﬁ@l , t@?p [ fm@g. .25, and

TCP/ 1 P net wotrz(lg conﬁngﬁe?r\?/?fl? cga%i} _ %cfpr o@.%@ o& ﬁ!aélp rensﬁ{'é‘l’}%%g} gét or

r equi r enent s communicativaly reintesbiorsgidfusicmpbile SIS ressiversbrovngh aavirsiess aeth

archi t ect ur epldedl cARinathichtioR SV dt b i | ; gpal s from SPS
Réﬂeﬁc thicariBR &Y dtém Sid saRCGCYRT dlgga?me SirE systny

satellites a determ nes‘glﬁeudor,anges to tho ITes and then
transmts thEOHERMIFSHYGY ePlsH O$aid seropd mebila,SPS meeiverghraughsaider ver whi ch

det er m nes tmremg)bélpbise@eémmhﬁamsgytst&n), it wll be appreciated that
ot her architectures nmay be enployed with the present invention. For
exanpl e, a nobile SPS receiver may determne its own

22. A systemas in claim 21 wherein said communication network is a packet

data network.

23.  Asystem as in claim 21 wherein said first digital processing system is
remotely located relative to at least some of said plurality of SPS reference
receivers.

24. A system as in claim 21 wherein said plurality of SPS reference receivers
comprises a first SPS reference receiver and a second SPS reference receiver, and
wherein said first SPS reference receiver transmits into said communication
network a first satellite ephemeris data which is obtained from navigation
messages received from a first set of SPS satellites which are in view of said first
SPS reference receiver, and wherein said second SPS reference receiver transmits
into said communication network a second satellite ephemeris data which is
obtained from navigation messages from a second set of SPS satellites which are
in view of said second SPS reference receiver.

25. A system as in claim 24 wherein said first digital processing system is
capable of using said first satellite ephemeris data and said second satellite
ephemeris data in calculating said first position information of said first mobile
SPS receiver and said second digital processing system is capable of using said.
first satellite ephemeris data and said second satellite ephemers data in calculating
said second position information of said second mobile SPS receiver.



position by receiving SPS signals and determ ni ng pseudoranges and by
recei vi ng 3@69’4}%&9 satellite epheneris data (e.g. from a | ocettT/@RoBEBORES
whi ch sends appropriate satellite epheneris data based on the approxi mate
| ocation of the nobile SPS receiver determ ned fromthe—ecett+—sitewhich 1s
comuni cating with the nobile SPS receiver). In this exanple, L ON
server receives the satellite epheneris data fromthe reHﬁﬁHﬂﬁ&i“Lmﬂmﬂ
reference network and upon a request for the |ocation of c He s %
receiver, transmits the appropriate sat€7ite epheneris data to the nobile
recei ver through the cell based comunication system (e.g. a cellular

t el ephone sy m.,The satel lLite heneri s, data Leh 1s ropriate is
typically det®rm nféa)’ﬁ?fgﬁf ghclglgb?ﬁ ihﬁng%sall%gﬁi %‘ﬁ@aﬂ)‘fsﬁcﬂ%‘i %’%B?‘I e receiver;

t hi s appr oxi rpoeessing systems reagive e fidst ipssudbrange Comentiph datacieavedfromfdatdhe cel |
site which h k.| I ' ' ' [ Ok with
the mobi 1 o raiohn Byt isfrfife o2 s LRE pociLTENE, (et Il 2t

| ocati on fr ordesived from data pmpsais segend RS reference receivere; vari ous techni ques
for determ ning and using the approxi mate | ocation are described in
co-pending U. S patent application Serjal , No. 842,559, filed April 15,
1997 by Nor nedY-F. fuS¥¥p@mas 1%?%8%'5%%%%‘%%# ggéé?fewcq REYVPSFAREWES her ei n

by ref er ence.safdfersepiendorangii corleoisH dadlinvd $did Serheibfichtor dktwskimdisaides i n
smt,satellite epheneri.s data

view, and the | oc n.server may.then tra [

or those satBrPi SRS MEHsEor TR EPants AL et BEHicrns PBREO AR i te 1o
t he nobi | e r cowisail confihanitaiivatneomorker ver nay al so transmit Doppl er

predi ction data and/or satellite al manac and/ or pseudorange corrections to
the nobile SPS receiver in_this exanple. -21- Although the nethods and
appar atus of 3&he piAsydem as ifelamn &h whesgin adeast one of said first pseudorange

correction data and said second pseudorange correction data is used to correct said

first plurality of pseudorange data to provide a first merged plurality of
pseudorange data and wherein said first position information is determined from
said first merged plurality of pseudorange data and at least one of said first satellite
ephemeris data and said second satellite ephemeris data.

29. A system as in claim 24 further comprising:

a further digital processing system coupled to said communication
network, said further digital processing system receiving a first
pseudorange data from said first SPS reference receiver and
receiving a second pseudorange data from said second SPS
reference receiver, said further digital processing system .
performing a correction on said first pseudorange data to provide a
merged first pseudorange correction data and performing a
correction on said second pseudorange data to provide a merged
second pseudorange correction data, and said further digital
processing system transmitting at least one of said merged first
pseudorange correction data and said merged second pseudorange
correction data to said first digital processing system.

30. A computer readable storage medium containing executable computer
program instructions which when executed cause a first digital processing system
to perform a method comprising:



described with reference to GPS satellites, it will be appreciated that the
teachings are equally applicable to positioning systens whic I dd

pseudol i tesw‘an’gﬂésbnbi nation of satellites and pseudolites. %S%kt/bodﬁfotﬁ%sg are
ground based transmtters which broadcast a PN code (simlar _tao a GPS

signal) nodul ated on an L-band carrier signal, generally synchronized with -~

GPS tinme. Each transmtter may be assigned a uni que PN ' m t
identification by a renote receiver. Pseudolites are uslmtm "ﬂﬂ Imlt"lmlm[‘ls
where GPS signals froman orbiting sate28-ite m ght be urfavdil &bl &, Such as
tunnel s, mnes, buildings or other enclosed areas. The term"satellite", as
used herein, is intended tao.include, pseudolite or ui valents of .

pseudol i tes, and FEGEIVing3tsep r%‘i%@ﬂgpc%ﬁém@s‘&fexﬂérfg atetite CRRIAGSI t o

i ncl ude GPS-1ike si gnaldatafffopin figst satellitd gsitivnirsystenl (SPSPreetiveshavdgg i tes. I n
t he precedi ng discussi on. tgg,g' nvenJ’t‘i on has been described with reference to
appl i cation upon the URT¥SOEVEPRINE yhal Positioning Satel lite (GPS)
system |t shoul drdeveiving atsait firstaligitak processing systema seetrdodtellite epbepoeis vy
applicable to simlar ' idpeQ 5 : ' l.cul ar,

t he Russian d onass _sy?%%%#%geﬁggggg%%r%agg?Engﬁﬁag%ngig?f@?{st tom GPS
systemin that theecehingatsaid frsteligital prasessing systes 4 plueatityselcpsgndarangent i at ed

Father than Ut 1§ 2} no S e P odea.. | n-Lhi s Situat i of

nt  pseudqr andom codes n this situation
substantially all Cﬂlﬁ‘gla'é‘i‘ﬁ:a?st“i“ip ‘ggﬂi’“&%‘bﬁ’&ﬂiﬂr@"&i&%ﬁ ’f’fﬁﬁ“’ﬁ?\ﬁﬂ‘%i@‘ﬁy are
applicable with the exehpilitoofpieatorahgdyu antatdéasgone of suidtitidatellite’ s
em ssion a different ex nentid% I f IJ: '3 SRIGE '.g o the different
carrier frequencies iseggeéﬁer{so %‘@r%é’@%ﬁ’td}?é gaﬁ%& ég% "GPS" used
herein includes such alternative satellite positioning systens, including

the Russian Ghonasscimhéradablesitadinefionid if QS 30 GAbiedlsaid BRLI NveNtion

has been descri bed erence t9 specific exenplary_ enbodi nments
thereof. It igitel Preeessingsystere isipmatsly pesiuenegddelairtosaidi irsideriohs and

changes nmay Bgsifi8&lend WRéreinGaill fileOSPS fesiver is Ageferente febeivé oader spirit and
scope of the invention as set forth'in the appended -

32. A computer readable storage medium as in claim 30 wherein said first-
satellite ephemeris data is received from a first set of SPS satellites in view of said
first SPS receiver and wherein said second satellite ephemeris data is received
from a second set of SPS satellites in view of said second SPS receiver.

33. A computer readable storage medium as in claim 30, said method further
comprising: _
receiving at said first digital processing system a first pseudorange
correction data derived from said first SPS receiver;
receiving at said first digital processing system a second pseudorange
correction data derived from said second SPS receiver.

34. A computer readable storage medium as in claim 33 wherein at least one of
said first pseudorange correction data and said second pseudorange correction data
is used to correct said plurality of pseudorange data from said mobile SPS receiver
to provide a corrected plurality of pseudorange data.

35. A computer readable storage medium as in claim 34 wherein said position
information is calculated from said corrected plurality of pseudorange data and

!
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clainms. The specification and draw ngs are, accordingly, to be regarded in
an il lustrabyesdias her than a restrictive sense. - 22- \WhatPQRUSIABR3II
is: 1. A nmet hod of processing satellite position information in a
satellite positioning system (SPS), said nethod conprising: receiving at a

first digital processing systema first satellite ephe |
first SPS receiver having a first known position; receﬂﬁﬁ'ﬁ" aH [ﬂﬂl@st
digital processing systema second sat e? ite epheneris 1} s nd

SPS recei ver having a second known positfon; receiving at said first

digital processing systema plurality of pseudorange data froma nobile SPS
receiver; calggsh alles}8 ofe ¢faaidifiritsatenfte epRinicia dafa ndisald ¥edvnkgateRite r ecei ver
using said plurality,of pseudorange data and at |east one of said first
satellite epﬁéﬁ%??rég%?'a and sai d second satellite epheneris data. 2. A
method as in claim1l wherein said first digital processing system

cal cul ates sajd position.infor ' B s Al as, .} im1 wherein
said first d?jgld t al as&cggg%‘ﬂ)ﬁ%ceg%éé g“ﬂ?‘}"} ROsHioR éﬁq@hﬁ%g".“f ?%Jrilg%ﬁérgl ative to '
said first krowprigingi ti on and wherein said first SPS receiver is a first
reference receivery . dmunicafiofflelftth:2s in claim3 wherein said first digital
processing systemis renptely positioned relative to said second known

posi tion, and wheradizst seallife peuteringmstere (Y spleregcpreseiveihpving aftshce
receiver. 5. A et haghod pokitieh ahdhdviid & fiedt ommiudichliéintérfiice Whidhe
epheneris data is

ratl)

is coupled to said communication medium, said first SPS reference
receiver transmitting a first satellite ephemeris data into said
communication medium;

a second SPS reference receiver having a second known position and
having a second communication interface which is coupled to said
communication medium, said second SPS reference receiver
transmitting a second satellite ephemeris data into said
communication medium; and

a first digital processing system coupled to said communication medium to
receive at least one of said first satellite ephemeris data and said
second satellite ephemeris data and to provide satellite information
for a mobile SPS receiver in order to determine a navigation
solution of a position information for said mobile SPS receiver.

37. A system as in claim 36 wherein said first satellite ephemeris data is
received from a first set of SPS satellites in view of said first SPS reference

receiver and wherein said second satellite ephemeris data is received from a second -
set of SPS satellites in view of said second SPS reference receiver.

38. A systemas in claim 37 wherein said communication medium comprises a
packet data network, and wherein said first communication interface and said
second communication interface respectively provide said first satellite ephemeris
data and said second satellite ephemeris data in packet data form.

39. A system as in claim 37 wherein said first SPS receiver transmits a first
pseudorange data into said communication medium and said second SPS receiver



received froma first set of SPS satellites in view of said first SPS

recei ver and wherein said second satellite epheneris data is 83 rom
a second sHOYOs satellites in view of said second SPS rel(,:%f@g?y&g
method as in claim11, said nethod further conprising—Teterving at said
first digital processing systema first pseudorange cor

said first SPS receiver; -23- receiving at said fir Mﬂ ﬂ Ejﬂmsmg

system a second pseudorange correction data from sai d

7. A method as in claim6 wherein a0-| east one of said first

pseudor ange correction data and sald second pseudorange correction data is
used to correct said dor e data.from.said bil e SPS
receiver to PRBTNGES 5&5@ "5{ L{Pts?%(fg%%%%%egl% ({m A

met hod as i nwhémimsard ﬁhEpgudoramgajdqmmmpriaes anleast one pbfirst pseuddnaugestted from
said correct V. gﬁﬁo one of said
first satel I?atqelﬁ ey?}@ﬁ%&’ Ofg%ild an rgg?egxcgg%chn %g{tg %cg eneris data. 9.
A met hod as psﬁudmangﬁsao mglnhéqsnn m“doffsmdsﬁrsgx%ﬁsemfmaceﬁrpmmn s data

conpri ses navigation nessages fromsaid f| rst set of SPS satellites and
said second satellite epherre | S gata co s na ation messages from
sai d second 4@t oA SySSTLIAHIRLC aF‘Pe” saicbsyste & claim1, said

net hod further COH]@édo‘iatilﬂigxtalpi@&é%in@@yﬂém&vlﬁﬁﬁﬁﬂduplb@tdﬁjd natesisitdop system
a first pseudorange data .from s

second digital processgUR PR CE%IE%Rfycﬁgsgff%%ﬂ{brgtm{rﬁ%esh\éfﬂgt at said

pseudorange data and receiving said second pseudorange data, and

wherein said first digital processing system corrects said first
pseudorange data to prdvide a first corrected pseudorange
correction data which is transmitted into said communication
medium and corrects said second pseudorange data to provide a
second corrected pseudorange correction data which is transmitted
into said communication medium.

41. A system for processing satellite position information, said system
comprising:

a communication medium;

a first satellite positioning system (SPS) reference receiver having a first
known position and having a first communication interface which
is coupled to said communication medium, said first SPS reference
receiver transmitting first packets of a first satellite ephemeris data
into said communication medium, each of said first packets having
less than a subframe of satellite ephemeris data;

a second SPS reference receiver having a second known positidn and
having a second communication interface which is coupled to said
communication medium, said second SPS reference receiver
transmitting second packets of a second satellite ephemeris data into
-said communication medium, each of said second packets having
less than a subframe of satellite ephemeris data.

42. A system as in claim 41 wherein said first satellite ephemeris data is
received from a first set of SPS satellites in view of said first SPS reference

/



data from said second SPS receiver; performng a correction using said
first pseudo?gﬂgﬁ‘,glata to provide a merged first pseudorange POWVUSIOHBE
data and performng a correction using said second pseudorange data to
provi de a nerged second pseudorange correction data; transmitting-at—east
one of said nerged first pseudorange correction data and said nerged second
pseudorange correction data to sai d first digital proﬁm mmm& Hﬂ”ml

A nmethod as in claim 10 wherein at ﬁe:; one of said m

pseudor ange correction data and sai d ed second psetidof anye " cor'rection
data is used to correct said plurality of pseudorange data from said nmobile

SPS recel Ver rdgivet i HfierfinGaisBdadalii HtelntriOhat HEANANG6mUALBond - 24-

12. tho as Inc ern sal 03| lon information 1Is

cal cul at ed f sehef SESSateditesdntviey Bf%ﬁ“&ﬁqc?w 5? ﬁ%féﬁﬁﬂ?ﬁ”&ﬁ"gﬁefdat a and from at

| east one of sai d fi rst satellite epheneris data and said second satellite
epheneri s dat I.n clal 12 wher ei id first satellite
epheneris daf‘g AU%WSF%%F ’f‘rcgar‘ﬁ‘%é\ﬂ}lfﬁ'?% ﬁ%@g’&@’é‘g‘@‘}%ﬁ@&ﬂ’f TRRISERE of SPS
satellites ac]&@ht @4t network, and&fhemm shid fusstoxﬁﬁﬁncam interfacenandssaidl second
satellite ep enerl da el second

set of SPS sé?(?fl ew o seco carver.
A met hod .as data@héﬁﬂdﬁ&ondeatelllmwbmeﬁs d&mbﬂtldma@@phenerl s data |s '
received fromsaid first SPS receiver through said second digital

processing system and said second satellite epheneris data is received
from sai d seddnd @psystem as in claim 42 wherein said first SPS receiver transmits a first

pseudorange data into said communication medijum and said second SPS receiver
transmits a second pseudorange data into said communication medium and
wherein said first pseudorange data comprises at least one of first pseudoranges to
satellites in view of said first SPS reference receiver and first corrections for
pseudoranges to satellites in view of said first SPS reference receiver.

45. A system as in claim 44, said system further comprising:

a first digital processing system which is coupled to said communication
medium, said first digital processing system receiving said first
pseudorange data and receiving said second pseudorange data, and
wherein said first digital processing system corrects said first
pseudorange data to provide a first corrected pseudorange
correction data which is transmitted into said communication
medium and corrects said second pseudorange data to provide a
second corrected pseudorange correction data which is transmitted
into said communication medium.

46. A system for processing satellite position information, said system
comprising:

a communication medium;

a first satellite positioning system (SPS) reference receiver havmg a first
known position and having a first communication interface which
is coupled to said communication medium, said first SPS reference
receiver transmitting first packets of a first satellite ephemeris data
into said communication medium, each of said first packets having



recei ver through said second digital processing system 15. A net hod as
in claim 12 wherein said first digital processing system cogg)ﬁ.' S0 I rst
fault tol eMM¥B&HHut er system and said second digital proce )H% system
conprises a second fault tolerant conputer system and wherei-n-sai-d-fi-+st—
pseudor ange data conprises at |east one of first pseudoranges to satellites
in view of said first SPS receiver and first correcti ons{ l j jlmmms
to satellites in view of said first SPS receiver. 16. Wi 18
claim12 wherein said first digital praoggssing systemis coupled to said
nmobi |l e SPS recei ver through a wireless cell based conmunication system 17.
A nethod as in claim 16 wherein said wireless cell based communi cation
system conpri ses a nobidsethanjaisubiramge obsatellite ephemerisalagasugh thag said firg| ai m 17

wherein said first SPSppgeRiMChanshithéll BRFARFoRTRdiCARh WRidiurf & Shigh' St
lpem and sal d _second digital processing systemare

digital processing sys
coupl ed toget her t hr ouBRCKEISRSE RSO ZS: net wor k. -25- 109. A met hod as
in claim10, said nmethod further conprising: receiving at a third digital
processi ng system.said first, pseudqrange .data fr said first.SPS receiver,
recei ving at 4§ai d A FSER ‘Hi‘&FFQP%P@F@?@Fﬂg%ﬁé?‘éﬁ@s?ﬁa’“%‘é%% ®hseudor ange
dat a from saieteived dioth SRSt set of P8 satellites invidwof satd st 8PS hafexdneti gi t al
processi ng s¥ésc%ﬁ,g}a correction using said first pseudorange data to provide
said nerged fTTst ‘pseudorange correction data and perform ng a correction
usi ng said second '

48. A system as in claim 42 wherein said communication medium comprises a

packet data network, and wherein said first communication interface provides said
first satellite ephemeris data in packet data form.

49. A system as in claim 42 wherein said first SPS receiver transmits a first
pseudorange data into said communication medium and wherein said first
pseudorange data comprises at least one of first pseudoranges to satellites in view
of said first SPS reference receiver and first corrections for pseudoranges to
satellites in view of said first SPS reference receiver.

50. A system as in claim 44, said system further comprising:

a first digital processing system which is coupled to said communication
medium, said first digital processing system receiving said first
pseudorange data, and wherein said first digital processing system
corrects said first pseundorange data to provide a first corrected

~ pseudorange correction data ‘which is transmitted into said
communication medium.

51. A system as in claim 36 wherein said satellite information comprises at
least one of satellite ephemeris data for satellites in view of said mobile SPS
receiver or Doppler prediction data for said satellites in view or satellite almanac
data and wherein said satellite information is transmitted to said mobile SPS
receiver from said first digital processing system, and wherein said satellite
ephemeris data for satellites in view of said mobile SPS receiver is obtained from
at least one of said first satellite ephemeris data and said second satellite ephemeris
data.



pseudorange correction data to provide said nmerged second pseudor ange
correctionyibasgiyderein said first digital processing systewrcrasosapsssd e of
receiving said nerged first pseudorange correction data and said nerged
second pseudorange correction data fromsaid third digital processing

system 20. A system for processing satellite position infornation, said
system conprising: a plurality of satellite positioning
reference receivers, each having a known position, said am}"ﬂmjm““‘uﬂll
refeerence receivers being dispersed ove¥3-a geographi cal regicon, teash

said plurality of SPS reference receivers transmtting, into a
comunication network, satellite epheneris data received fromsatellites in
view of each of said plurality of SPS reference receivers; a plurality of
digital procg2sind swteneasén chaim B 1 sdhepdin shid mcbile $PSaegeiver deteimomesisaidvor k t o
receive satehﬁJé BIS data transm tted through said conmmunication

net wor k, sai ura of digital processing systems conprising a first

di gital processing systen1and a second digital processing system said
first digital processing systemreceiving a first plurality of pseudorange
data froma first nobile SPS receiver and calculating a first position
information of said first nobile SPS receiver fromsaid first plurality of
pseudor ange data and fromsatellite epheneris data received fromsaid
communi cati on network, and said second digital processing systemreceiving
a second plurality of pseudorange data froma second nobile SPS receiver
and cal culating a second




-26- position information of said second nobile SPS receiver fromsaid
second plurality of pseudorange data and fromsatellite epheggr]

recei ved fW&ﬁ’é%iﬂ" communi cati on network. 21. A system as f?{‘)@'ﬁ%&l;@?’%
wherein said first digital processing systemis conmmunicatively coupled to
said first nobile SPS receiver through a wireless cell based conmmunication
system and said second di.gital processi ﬂqjgsyst emis conmmuni catively

coupl ed to said second nobile SPS receiver through said wireless cell based
comuni cati on system 22. A systemas in claim?21 wherein said

conmuni cation network is all et data network. 23. A systemas in claim
21 wher ei n—sat € + s+ di-gi+al Proeessin St e 5 +enptel-y—l-esated — 4
relative tl at least sone of sai dCpllulambenicedre®PS ref erence receiversy 24.
A system ak 'ﬁf car 2T “wWherern hd pluralityy of TErerence-TeTeElvers
conpri ses |a' is‘tt SPS refer ence_ﬁ ei ver and A $&§E§ SPS reference : ¥

recei ver, prd WEET T sald first 'SPS reference feceiver trafsy tlo’sai d
conmmuni caty drf HeYw irst satellite epheneris data W pijned
from navi glatli on\Ate3sdges recel ved froma first set SPS sht : i ch
are in vi e,w|cReeewar1i rst_@Psarefler ence recei ver, icénd
SPS referelnqe recerver tdahsnmitslinto said commyni cat i Icd)nd

satellite eqhemari s data

@bt ai ne rom, navi gg
dir are inqjsﬁ "ﬁk

second setl f SPS satg
receiver. bg.  Al8yz | m P2 ital | |
processin stemis capab f_ys|ng|said fi rsLs_______g_pﬁ_eme_r_i_gldqata

informationof _said first mobile, | | o
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SPS receiver and said second digital processing systemis capable of using
sai d first wabptdisd € epheneris data and said second satel |l it PC®IS208083
data in calculating said second position informati on of said second nobile
SPS recei ver. -27- 26. A systemas in claim24 wherein said first and
said second digital processing systens rsa*ggi ve a first pseudorange
correction data derived fromdata from €™M first SPS reference receiver
and a second pseudorange correction data derived fromdata fromsaid second
SPS reference receiver. 27. A systemas in claim26 wherein said first
SPS reference receiver transmts said first pseudorange correction data
into said communi cati on network and sai d second SPS ce receiver
transmts said second pseudorange correction da |ﬁg . sai_ d¥To ni cation
network. 28. A ertas_in_claim27 wherein ath(v §*gnwﬁgug%es d first
pseudor ange coyf ectr ndN\sai d second pseudoi@&fgbe tiomM\data is
used to corredt s Tbc igg?ﬁ}g&” ity of pseuflor @RS:Receivers Broviding dd a first
3

merged plural i oeqr d %e?’nge dat a and wheNgi n s @ifferéntiabGPBosi ti on
information i§ det g? aijd first merged plikfomhation apd Pseuddr ange
data and at | &PO S ig |t“8’?é§ ¥ Aopndtion af

t tellit : inAsd d
second satelli o \’é)at 3 ggsé i s;/s'?e pﬁaﬁglhgmmslgﬂﬂf v,
. sin |

conprising: a furthe ¢ pr oc g syste é@)
conmmruni cat i on net wor k, atai d further digital §&6cessing emreceiving a

[

her

first pseudorange data fromsaid first SPS reference redei ver and receiving
a second pseudorange daya from said second SPS referenceyreceiver, said

further digital Toctﬁaatnporsy ;Lem MODEM or
Other Interface 53 -. Other Interface
I - p N
Data Processing Unit [€¢————— -> Gngfggggilver 56
(e.g., Computer System) | |
\ 51 | _ (58
- Mass Storage
| > (e.g., for Software)
MODEMor | and Storage for Cell-based
Other Interface | 92 = | ' Information Source
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Processors
{e.g., Computers on
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performng a correction on said first pseudorange data to provide a merged
first pseudoran e correction data and performng a correcti ﬁﬁhﬁ?
second pse data to provide a nmerged second pseudorangé correction
data, and sald further digital processing systemtransnmtting at |east one
of said nerged first pseudorange correction data and said nerged second
pseudorange correction data to said fir$g/Qdigital processing system 30.

A conput er readabl e storage nedi um contai ni ng execut abl e conput er program

i nstructions which when executed cause a first digital processing systemto
perform a nmethod conpri sing: . -28- receiving at said first digital
processing systema first satellite epheneris data froma first satellite
positioning system (SPS) receiver having a first known position; receiving
at said first digital processing systema second satellite epheneris data
froma second SPS receiver having a second known position; receiving at
said first digital processing systema plurality of pseudorange data from a
nobi | e SPS receiver; calculatlng a position information of said nobile SPS

receiver using rallty of pseudorange d 79l at | east one of said
first satellite he is data and said second ¥atellite epheneris data.
er _\

31. A conpu eadable storage gediumas in &l aim 230 wherein.said first
di gital procepgsi systen1|s renotely positioned relative to said first
known positiop a hereln said first SPS receiyer is a reference [eceiver.
GPS Communication
: 4—7—-> System
Receiver Transceiver
80
\ 76 : (78

K75
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32. A conputer readable storage nediumas in claim30 wherein said first
satellite is data is received froma first set of SPS pgaigdehs in
vi ew of sasgaﬁggé?§SPs recei ver and wherein said second satellitegggﬂgﬁeris
data i's received froma second set of SPS satellites in view of said second
SPS receiver. 33. A conputer readable storage nediumas in claim30, said
met hod further conprising: receiving at H8d first di gital processing
systema first pseudorange correction data derived fromsaid first SPS
receiver; receiving at said first digital. processing systema second
pseudorange correction data derived fromsaid second SPS receiver. 34. A
conputer readable storage nediumas in claim33 wherein at |east one of
said first pseudorange correction data and said second pseudorange
correction data is used to correct said plurality of pseudorange data from
said nobile SPS receiver to provide a corrected plurality of pseudorange

data. 35. A conputer readable storage mediumas in claim34 wherein said
position information is calculated fromsaid corrected plurality of
pseudor ange data and -29- fromat |east one of said fbgst satellite

6. A system for

epheneris data an ig second satellite epheneris dada.
processing satelli p %itLon information, said systemconprising: a
conmuni cation nedi ym a first satellite positioning system (SPS) reference
recei ver having a ffirst known Qﬁfition and having a first co ni cation

i nterface which | ( 93 | //
GPS ( > Processor and
Reference Network
Receiver 5 > Interface_
04

96

To
Communication
Network

FIG. 3B
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is coupled to said conmunication nmedium said first SPS reference receiver
transmtting a first satellite epheneris data into said comuni cation

nmedi um a SEQONEBISPS ref erence recei ver having a second knowRCHESPYPRIR and
havi ng a second comuni cation interface which is coupled to said

communi cation nmedium said second SPS reference receiver transmtting a
second satellite epheneris data int05 id comruni cation nmedium and a first
digital processing systemcoupled to i d conmuni cation mediumto receive
at least one of said first satellite epheneris data and sai d second
satellite epheneris data and to provide satellite information for a nobile
SPS receiver in order to determne a navigation solution of a position

information for said nobile SPS receiver. 37. A systemas in claim 36
wherein said first satellite epheneris data is received froma first set of
SPS satellites in vView Of Smed==iz St SPS r efesemeg receiver and wherein

roma second set of SPS
¢cei ver. 38. A system as

said second satellite eph ris.djta is er:ivgg
satellites in view of saif gecend|SPS ref&rg
in claim37 viBerein said cedqmud cdtion medidm dpmpri ses a packet data
networ k, and Wherein said fijrs& cqmuni cati dn it ¢rface and said second
communi cation\interface respecgvly providg s@g d]first satellite epheneris
data and sai d\second satel | ijte&pHeneris datla i& packet data form 39. A
systemas in claim37 whereijn saiq first SPS r&cefver transnits a first
pseudorange data into said dempudcati on nmed=sHp-ad sai d second SPS
receiver - 30-
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transmts a second pseudorange data into said conmmunication medi um and
wher ei n saifh §d/dezds Pseudor ange data conprises at | east one opCTASSH/08083

pseudor anges to sat el

ites in view of said first SPS reference recei ver and

first corrections for pseudoranges to satellites in view of said first SPS

ref erence receiver
conprising: a second

comuni cation nedium said first digita

40. A systemas in aim 39, said systemfurther
digital processing temwhich is coupled to said
processi ng systemreceiving said

first pseudorange data and receiving said second pseudorange data, and

wherein said f
pseudor ange d

%@ft di

gital

processi ng systemcorrects said first
rovide a first corrected pseudorange correction data

which is transn1tted into said communi cati on nedi um and corrects said
second pseudorange data to prOV|de a second corrected pseudorange

correction data whic
A system for process
conpri sing: a conmun
(SPS) reference rece
comuni cation interf
first SPS reference

satellite epheneris

h

g;agég?{é} lophifrt ?%S%E?%é gﬁ @of"a
me tiog ressage data &0 %Sd%

v etiew el ha pasticular rferepes ieceiverand fanam

ace portiomot the atefiteenavigatioa mssagaﬂaﬁa e aon

[ ecei ver transgorhinunigationetwgrkckets of a fi

fium 41.

bt em

stem
QN rst

Ejg}unl sai d

J sald first

packets having |l ess than a subfrane.of satjellite epheneris data; a second

SPS reference receiv
conmuni cation interf
second SPS reference
satellite epheneris ¢d

er havina a second kn

position and having a second

ace Feér@H Redef V@r&e?érﬁnﬁ% dddiandeOn
%? f ns (fo?%g?: oralfes 15 &P h¥ieW of?
e'refefence receiver) and transmits these pseudorange
corrections into the communication network (or
pseudoranges and ephemeris are transmitted and used

dium said
econd

~— 203

later to determine the corrections)

!

A processor coupled to the network receives satellite
ephemeris data and pseudorange corrections and
determines a single set of merged network corrections and
transmits these pseudorange corrections and other data into
the network

- 205

.

A first location server receives at least a portion of satellite
navigation message data and merged pseudorange
corrections from the network

207

¥

First location server receives pseudoranges from 1st
mobile GPS receiver and determines position of the
1st mobile GPS receiver from satellite ephemeris data
received from the network and from the pseudoranges

~— 209

originating from the 1st mobile GPS receiver

FIG. 5A

SUBSTITUTE SHEET (RULE 26)



sai d comuni cation nmedium each of said second packets having | ess than a
subfrane of satellite epheneris data. 42. A systemas in clal rein
said first ¥QOM¢¥E e epheneris data is received froma first k,glel‘{nsg%o%g%

satellites in view of said first SPS reference -31- receiver and wherein
said second satellite epheneris data is received froma second set of SPS
satellites in view of said second SPS ré&f/grence receiver. 43. A system as

in claim42 wherein said conmuni cati on medi um conpri ses a packet data
networ k, and wherein said first comunication interface and said second
comuni cation interface respectively provide said first satellite epheneris
data and said second satellite epheneris data in packet data form 44. A
systemas in claim42 wherein said first SPS receiver transmts a first
pseudorange data into said conmuni cati on nmedi um and said second SPS
receiver transmts a second pseudorange data into said comuni cati on nedi um
and wherein said first pseudorange data conprises at |east one of first
pseudoranges to satellites in view of said first SPS reference receiver and

first corrections far_pseudoranges to satellites in viowof id first SPS

reference receiver.|45. A S M i 3] ig: temfurther
conprising: a firstjdi gAlsﬁ?‘;gﬁﬁaé?S'QE%Egegggé'g%ﬁg% aliéﬂ[ @&BI ed|to i d
comuni cati on nedi ujm sai datellitepa\igafiof messa ARyMelBhem r ecgivi 281 sai d
first pseudorange dhta and Pssuderange cereactionsdipmine range dfta, and
wherein said first Chagd " : ot {

pseudorange data to provide a first corrdcted pseudorange correction data
which is transmtted into said conmuni cag on

Second location server receives pseudoranges from 2nd
mobile GPS receiver and determines position of the 2nd
mobile GPS receiver from satellite ephemeris data received
from the network and from the pseudoranges originating
from the 2nd mobile GPS receiver
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medi um and corrects said second pseudorange data to provide a second
corrected pgpLdREA@0e correction data which is transmtted i rROT/BSAINS083
comuni cati on nedium 46. A system for processing satellite position
information, said systemconprising: a comunication nedium a first
satellite positioning system (SPS) refBr nce receiver having a first known
position and having a first comuni cat interface which is coupled to
sai d communi cation nedium said first SPS reference receiver transmtting
first packets of a first satellite ephenmeris data into said conmunication
medi um each of said first packets having - 32- Ies&vt subf ranme of
satellite ephenerls data such that said first packet s car rahsmtted into
1 8 A system
ies] recei ved from
& Ence receiver.
i bm conprises a
erf ace

ep
EfEsald flrst SP
aEd communi cat i
fiQSt comuni cgf |

a first set of SPS
48. A system as i
packet data network

provides said first \satetlitpe epheneris data in pa form 49. A
systemas in claim¢4 mﬁ%r-'n said first SPS rece\g&r transm\ts a first
pseudor ange data i -0 conmruni cat i on nmedi um_& & wher ei n idfirst
pseudor ange data c¢nprises at |east one of f|E§t $udoranges\to satellites

in view
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of said first SPS reference receiver and first corrections for pseudoranges
to satellites in view of said first SPS reference receiver

as in clai WU¥/56445 d system further conprising:

' system
a first di gl?gf proce55| ng

system which is coupled to said conmunication nmedium said first digital
processi ng systemreceiving said first pseudorange data, and wherein said

first digital

processing system corr

said first pseudorange data to

provide a first corrected pseudorange correction data which is transmtted

into said conmuni cati on nmedi um 51.
satellite information conprises at

A systemas in claim36 wherein said
| east one of satellite epheneris data

for satellites in view of sai d nobile SPS receiver or Doppler prediction

data for sgj
satellit

first d|§t
for satel N
| east one ¢

epheneris (
SPS recei vq

Iculation)

telllﬁes in view or

avi gagg on ‘sol & |§)1E_
848

420

satellite al manac data
ti@nis transmtted to said nobile SPS §ed
sPng system--and wherein I d sat el I‘F"te
|d bile SP@rec@wer is obt ar|

e ephemeN s @ wﬁw
A gystem ad-ig & 1 wher

ein said
eiver fgom sai d
ephenefi s data
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