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(57) ABSTRACT 

Methods and apparatuses Which use satellite position system 
(SPS) reference receivers. In one example of the invention, 
a plurality of SPS reference receivers, such as Global 
Positioning System (GPS) reference receivers, each having 
a knoWn position, are dispersed over a geographical region. 
Each of the SPS reference receivers transmits into a com 
munication network, a representation of at least a portion of 
a satellite navigation message, such as satellite ephemeris 
data, received from SPS satellites in vieW of the particular 
SPS reference receiver. A plurality of digital processing 
systems, such as a ?rst and a second digital processing 
systems, are coupled to the communication network to 
receive the satellite ephemeris data Which is transmitted 
through the communication netWork. 
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Fig. 5A 
each GPS reference receiver receives at least a portion of 
the satellite navigation message data from GPS satellites in 
view of the particular reference receiver and transmits the 

/ portion of the satellite navigation message data into a 
communication network 

each GPS reference receiver determines pseudorange 
corrections (for pseudoranges to GPS satellites in view of 
the reference receiver) and transmits these pseudorange 

/ corrections into the communication network (or 
a C5 pseudoranges and ephemeris are transmitted and used 

later to determine the corrections) 

l 
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 0 I’ 

‘2 3 the network 

a first location server receives at least a portion of satellite 
/ navigation message data and merged pseudorange 

51°’? corrections from the 
network 

1 
/ first location server receives pseudoranges from 1st 

*9 Oct mobile GPS receiver and determines position of the 
1st mobile GPS receiver from satellite ephemeris data 
received from the network and from the pseudoranges 
originating from the 1st mobile GPS receiver 

1 
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Fig. 58 

a second location server receives at least a portion of 
/ satellite navigation message data and merged 

gm pseudorange corrections from the 
network 

second location server receives pseudoranges from 2nd 
rnobile GPS receiver and determines position of the 2nd 

/ mobile GPS receiver from satellite ephemeris data received 
from the network and from the pseudoranges originating 

a \ 3 trom the 2nd mobile GPS receiver 
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SATELLITE POSITIONING REFERENCE SYSTEM 
AND METHOD 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 08/842,559, ?led on Apr. 15, 
1997 by Norman F. Krasner. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to satellite position 
systems Which use reference receivers and more particularly 
to a netWork of reference receivers for a satellite positioning 
system. 

[0003] Conventional satellite positioning systems (SPS) 
such as the US. Global Positioning System (GPS) use 
signals from satellites to determine their position. Conven 
tional 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 navi 
gation message, both satellite positioning data as Well as 
data on clock timing Which speci?es 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. 

[0004] 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 differ 
ential GPS system. The ?rst 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 speci?c 
broadcast format. Another component is a radio link to 
transmit the differential corrections in real time to mobile 
GPS receivers. The third component is the mobile GPS 
receiver Which also includes a receiver for receiving the 
differential corrections broadcast from the reference station. 

[0005] The differential GPS corrections are used by the 
mobile GPS receivers in a conventional manner to correct 
the pseudorange data Which is obtained by computing the 
relative times of arrival of signals of GPS signals transmitted 
from the GPS satellites. Conventional differential GPS does 
not have to operate in real time or provide corrections to the 
mobile GPS receiver, although this is often the case. There 
are many improvements on differential GPS Which are 
described in both patent and non patent literature. These 
various improvements concentrate on the differential cor 
rection computation and application algorithms as Well as 
methods of delivering the differential corrections. The dif 
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ferential corrections are for the most part in the measure 
ment domain (pseudorange, accumulated delta-range, and 
range-rate error estimates). 

[0006] Conventional differential GPS offers signi?cant 
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 separa 
tion 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). 
[0007] 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 sta 
tions 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. Examples of such Wide-area differential GPS refer 
ence systems include those described in US. Pat. Nos. 
5,323,322 and 5,621,646. 

[0008] Independent of the coverage of the particular dif 
ferential reference system, the prime objective of a differ 
ential GPS system is to provide differential service Which 
helps the mobile GPS receiver to remove errors from the 
GPS measurements or measurement derived solution. The 
GPS system errors that the netWork attempts to remove is a 
function of the number of reference stations, their spatial 
placement, and the sophistication of the algorithms imple 
mented at the central processing facility. The secondary 
function of the differential netWorks is to provide integrity 
and reliability to the differential service by performing 
various checks in the measurement and the state space 
domains. 

[0009] While the foregoing systems provide improved 
accuracy to mobile GPS receivers, those systems are not 
compatible With a client/server GPS architecture in Which a 
mobile GPS receiver functions as a client system and 
provides pseudorange measurements to a remotely posi 
tioned location server Which completes the calculations for 
the position solution by using the pseudoranges obtained 
from the mobile GPS receiver and by using ephemeris data. 
The present invention provides an improved method and 
apparatus alloWing ?exibility in the positioning of location 
servers and also provides for improved ef?ciency and cost in 
a client/server system. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides methods and appa 
ratuses for a satellite positioning system reference system. 
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[0011] In one aspect of the present invention, an eXem 
plary method processes satellite position information by 
using at least tWo SPS reference receivers. According to this 
method, a ?rst digital processing system receives a ?rst 
satellite ephemeris data from a ?rst SPS reference receiver 
Which has a ?rst knoWn position. The ?rst digital processing 
system also receives a second satellite ephemeris data from 
a second SPS reference receiver having a second knoWn 
position. The ?rst digital processing system further receives 
a plurality of pseudorange data from a mobile SPS receiver. 
The ?rst digital processing system then typically calculates 
the position information (eg latitude and longitude and 
altitude) of the mobile SPS receiver using the plurality of 
pseudorange data and at least one of the ?rst satellite 
ephemeris data and the second satellite ephemeris data. In 
one particular embodiment of the present invention, the ?rst 
satellite ephemeris data and the second satellite ephemeris 
data are a subset of the “raW” 50 bps satellite navigation 
message received respectively from the ?rst SPS reference 
receiver and the second SPS reference receiver from the 
satellites in vieW of those tWo reference receivers. In one 
example, this satellite navigation message may be the 50 bit 
per second data message encoded into the GPS signals 
Which has been received and decoded by the reference 
receivers and transmitted to the ?rst digital processing 
system in real time or near real time. 

[0012] According to another aspect of the present inven 
tion, a system for processing satellite position information 
includes a plurality of satellite positioning system (SPS) 
reference receivers, each having a knoWn location. It also 
includes a plurality of digital processing systems. The plu 
rality of SPS reference receivers is dispersed over a geo 
graphical 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 communi 
cation netWork. In one embodiment, at least tWo such digital 
processing systems eXist. A ?rst digital processing system 
receives a ?rst plurality of pseudorange from a ?rst mobile 
SPS receiver and calculates a ?rst position information (eg 
a latitude and a longitude) of the ?rst mobile SPS receiver 
from the ?rst plurality of pseudorange data and from satellite 
ephemeris data received from the communication netWork. 
Typically, the ?rst digital processing system selectively 
receives from the netWork the proper satellite ephemeris 
data for at least those satellites Which are in vieW of the ?rst 
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 process 
ing system selectively receives from the netWork the appro 
priate satellite ephemeris for those satellites in vieW of the 
second mobile SPS receiver. In another eXample of the 
invention, the ?rst and second digital processing systems 
each receive from the netWork the most up-to-date satellite 
ephemeris data Which are in vieW of the netWork. 
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[0013] In one further embodiment of the present inven 
tion, a further digital processing system may be coupled to 
the communication netWork in order to receive measure 
ments (e.g. differential corrections) from the reference 
receivers and to produce a set of netWork differential cor 
rections. Various other aspects and embodiments of the 
present invention are further described beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The present invention is illustrated by Way of 
eXample and not limitation in the ?gures of the accompa 
nying draWings in Which like references indicate similar 
elements. 

[0015] FIG. 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. 

[0016] FIG. 2 illustrates an implementation of a location 
server system according to one embodiment of the inven 
tion. 

[0017] FIG. 3A illustrates an eXample of a combined SPS 
receiver and communication system according to one 
embodiment of the present invention. 

[0018] FIG. 3B illustrates an eXample of a GPS reference 
station according to one embodiment of the present inven 
tion. 

[0019] FIG. 4 illustrates an SPS reference receiver net 
Work according to one embodiment of the present invention. 

[0020] FIGS. 5A and 5B shoW a ?oWchart Which 
describes a method according to one embodiment of the 
present invention. 

[0021] FIG. 6 shoWs a data How for a netWork correction 
processor Which may be used in one embodiment of the 
reference receiver netWork according to the present inven 
tion. 

[0022] FIG. 7 shoWs an eXample of the data How associ 
ated With the location server according to one embodiment 
of the present invention. 

DETAILED DESCRIPTION 

[0023] The present invention provides a netWork of SPS 
reference receivers Which provide at least a portion of the 
satellite navigation message, such as satellite ephemeris data 
for use by digital processing systems in the manner 
described beloW. Before describing various details With 
respect to this reference system, it Will be useful to describe 
the conteXt in Which this reference receiver is typically used. 
Accordingly, a preliminary discussion Which refers to FIGS. 
1, 2, and 3A Will be provided before discussing the netWork 
of SPS reference receivers in the system of the present 
invention. 

[0024] FIG. 1 shoWs an eXample of a cell based commu 
nication system 10 Which includes a plurality of cell sites, 
each of Which is designed to service a particular geographi 
cal 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 
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of Which are de?ned 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 correspond 
ing 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. 

[0025] 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 a commu 
nication receiver Which may be combined With a mobile 
GPS receiver such as the receiver 16 shoWn in FIG. 1. An 
eXample of such a combined system having a GPS receiver 
and a communication system is shoWn in FIG. 3A and may 
include both a GPS antenna 77 and a communication system 
antenna 79. 

[0026] Each cell site is coupled to a cellular sWitching 
center. In FIG. 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 sWitch 
ing 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 com 
munication systems serviced by the cell site. In one 
eXample, the cell site may be a cellular telephone cell site 
Which communicates With mobile cellular telephones in the 
area serviced by the cell site. It Will be appreciated that a 
communication system Within one cell, such as receiver 22 
shoWn in cell 4, may in fact communicate With cell site 19 
in cell 18 due to blockage (or other reasons Why cell site 21 
cannot communicate With the receiver 22). 

[0027] In a typical embodiment of the present invention, 
the mobile GPS receiver 16 includes a cell based commu 
nication system Which is integrated With the GPS receiver 
such that both the GPS receiver and the communication 
system are enclosed in the same housing. One eXample of 
this is a cellular telephone having an integrated GPS receiver 
Which shares common circuitry With the cellular telephone 
transceiver. When this combined system is used for cellular 
telephone communications, transmissions occur betWeen the 
receiver 16 and the cell site 13. Transmissions from the 
receiver 16 to the cell site 13 are then propagated over the 
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 ?ber optic and other non 
Wireless connections such as copper cabling, etc. Transmis 
sions 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. 

[0028] 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 (eg 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 
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28 through a 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 cells, to 
the GPS server 26 Which then initiates a conversation With 
a particular GPS receiver through the cellular sWitching 
center in order to determine the position and/or velocity of 
the GPS receiver and report requested information back to 
the query terminal 29. In another embodiment, a position 
determination for a GPS receiver may be initiated by a user 
of a mobile GPS receiver; for eXample, the user of the 
mobile GPS receiver may press 911 on the cell phone to 
indicate an emergency situation at the location of the mobile 
GPS receiver and this may initiate a location process in the 
manner described herein. 

[0029] It should be noted that a cellular based or cell based 
communication system is a communication system Which 
has more than one transmitter, each of Which serves a 
different geographical area, Which is prede?ned 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 numer 
ous types of cellular communication systems, such as cel 
lular 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 prede?ned 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 FIG. 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 
FIG. 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 de?ned as a collection of cells Within close 
geographical proximity to one another. Another class of 
cellular systems that ?ts 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, Orb 
comm, and Odyssey. 

[0030] FIG. 2 shoWs an eXample of a GPS server 50 
Which may be used as the GPS server 26 in FIG. 1. The GPS 
server 50 of FIG. 2 includes a data processing unit 51 Which 
may be a fault-tolerant digital computer system. The SPS 
server 50 also includes a modem or other communication 
interface 52 and a modem or other communication interface 
53 and a modem or other communication interface 54. These 
communication interfaces provide connectivity for the 
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exchange of information to and from the location server 
shown in FIG. 2 between three different networks, which are 
shown as networks 60, 62, and 64. The network 60 includes 
the cellular switching center or centers and/or the land-based 
phone system switches or the cell sites. An example of this 
network is shown in FIG. 1 wherein the GPS server 26 
represents the server 50 of FIG. 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 FIG. 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 (eg position) information 
from a designated 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 FIG. 1, is a 
network of GPS receivers which are GPS reference receivers 
designed to provide differential 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. 

[0031] As shown in FIG. 6, a mass storage device 55 is 
coupled to the data processing unit 51. Typically, the mass 
storage 55 will include storage for software and data for 
performing the GPS position calculations after receiving 
pseudoranges from the mobile GPS receivers, such as a 
receiver 16 of FIG. 1. These pseudoranges are normally 
received through the cell site and cellular switching center 
and the modem or other interface 53. The mass storage 
device 55 also includes software, at least in one embodi 
ment, which is used to receive and use the satellite ephem 
eris data provided by the GPS reference network 32 through 
the modem or other interface 54. 

[0032] In a typical embodiment of the present invention, 
the optional GPS receiver 56 is not necessary as the GPS 
reference network 32 of FIG. 1 (shown as network 62 of 
FIG. 2) provides the differential GPS information as well as 
providing the raw satellite navigation message from the 
satellites 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 conven 
tional 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 commu 
nication interface for coupling the data processing unit to 
other computer systems, as in the case of network 64, and to 
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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 collec 
tion of GPS reference receivers dispersed over a geographi 
cal region. 
[0033] FIG. 3A shows a generaliZed combined system 
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 commu 
nication transceiver 78 having a communication antenna 79. 
The GPS receiver 76 is coupled to the communication 
transceiver 78 through the connection 80 shown in FIG. 3A. 
In one mode of operation, the communication system trans 
ceiver 78 receives approximate Doppler information 
through the antenna 79 and provides this approximate Dop 
pler information over the link 80 to the GPS receiver 76 
which performs the pseudorange determination by receiving 
the GPS signals from the GPS satellites through the GPS 
antenna 77. This pseudorange is then transmitted to a 
location server, such as the GPS server shown in FIG. 1 
through the communication system transceiver 78. Typically 
the communication system transceiver 78 sends a signal 
through the antenna 79 to a cell site which then transfers this 
information back to the GPS server, such as GPS server 26 
of FIG. 1. Examples of various embodiments for the system 
75 are known in the art. For example, US. Pat. No. 
5,663,734 describes an example of a combined GPS receiver 
and communication system which utiliZes an improved GPS 
receiver system. Another example of a combined GPS and 
communication system has been described in co-pending 
application Ser. No. 08/652,833, which was ?led May 23, 
1996. The system 75 of FIG. 3A, as well as numerous 
alternative communication systems having SPS receivers, 
may be employed with the methods of the present invention 
to operate with the GPS reference network of the present 
invention. 

[0034] FIG. 3B shows one embodiment for a GPS refer 
ence station. It will be appreciated that each reference station 
may be constructed in this way and coupled to the commu 
nication network or medium. Typically, each GPS reference 
station, such as GPS reference station 90 of FIG. 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. Pseudorange outputs 93 are 
provided to a processor and network interface 95, and these 
pseudorange outputs are used to compute pseudorange cor 
rections 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 pseudo 
range data to determine the appropriate pseudorange cor 
rection 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 
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receiver 92 also provides in one embodiment a representa 
tion of at least a portion of the satellite navigation message 
such as a satellite ephemeris data output 94. This data is 
provided to the processor and netWork interface 95 Which 
then transmits this data onto the communication netWork 96. 

[0035] In one embodiment, the entire satellite navigation 
message is transmitted into the netWork from each reference 
receiver at a higher than normal rate. Certain conventional 
GPS receivers can output raW (digital) navigation message 
data once every 6 seconds (Which may be considered a 
normal rate); e.g. certain NovAtel GPS receivers have this 
capability. These receivers collect in a buffer the digital data 
of one subframe of the navigation message (300 bits in the 
case of a standard GPS signal), and then provide this data at 
the output of the receiver by shifting out 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 US. patent application Ser. No. 08/794,649, 
?led Feb. 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 (eg 30 bits) and shifting 
out this portion 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 (eg 30 bits), the data may be shifted out into 
packets Which are transmitted at very high data rates (eg 
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. 

[0036] 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 pseudo 
range data (rather than the pseudorange correction data). The 
pseudorange correction data can be derived from pseudor 
ange 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 preferred embodiment, pseudorange data 
(instead of pseudorange correction data) is transmitted from 
each GPS reference station into the netWork because cor 
rections from different receivers may be derived from dif 
ferent sets of ephemeris data, causing discrepancies in the 
corrections from different receivers. With this preferred 
embodiment, a central correction processor (such as netWork 
correction processor 110 shoWn in FIG. 4) uses a consistent 
set of the most recent ephemeris data received from any of 
the GPS reference receivers, thus avoiding these discrepan 
cies. The set is consistent because it consists of a group of 
ephemeris, range measurements (e.g. pseudoranges) and/or 
corrections from a plurality of satellites Which is applicable 
at one particular instant in time. A set may be merged With 
other sets of data as long as the times of applicability of each 
set overlap. 
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[0037] Referring back to FIG. 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 ephemeris 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 com 
munication netWork is later received through the netWork at 
various location servers according to aspects of the present 
invention. 

[0038] In certain embodiments of the present invention, 
only certain segments of the satellite navigation 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 ?rst three 
subframes Which contain ephemeris information rather than 
all 5 subframes together may be transmitted into the com 
munication netWork 96 When they contain updated informa 
tion. 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 US. patent application Ser. No. 
08/794,649, Which Was ?led Feb. 3, 1997, by Norman F. 
Krasner. It Will be also understood that the GPS reference 
receiver 92 decoded the different GPS signals from the 
different GPS satellites in vieW of the reference receiver 92 
in order to provide the binary data output 94 Which contains 
the satellite ephemeris data. 

[0039] Typically, the packets of data are not addressed to 
speci?c location servers and include portions of the navi 
gation message and include an identi?er of Which data Was 
received from Which satellite; in some embodiments, the 
packets may also specify an identi?er of the transmitting 
reference station. In some embodiments, the optional GPS 
receiver 56 may be the primary source of navigation mes 
sage data Which is used by the local location server and the 
netWork of the present invention may provide information 
on demand. 

[0040] FIG. 4 shoWs an example of a GPS reference 
receiver netWork. In the example of FIG. 4, the entire 
system 101 includes tWo location servers 115 and 117 Which 
are coupled to a communication netWork or medium 103 
Which corresponds to the communication netWork 96 of 
FIG. 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 
FIG. 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 FIG. 3B, and 
the communication netWork 103 corresponds to the com 
munication netWork 96 shoWn in FIG. 3B. It Will be 
appreciated that the GPS reference stations, such as refer 
ence stations 104-108 are dispersed over a geographical 
region in order to provide receiver coverage for GPS signals 
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Which may also be received by mobile GPS receivers. 
Typically this coverage betWeen adjacent reference stations 
overlaps such that a complete geographical area is com 
pletely 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 refer 
ence 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 process 
ing pseudorange data from Widely separated mobile GPS 
receivers. For eXample, one location server may be process 
ing pseudorange data from a mobile GPS receiver in Cali 
fornia and a reference station in California, and the same 
location server may be processing pseudorange data for a 
mobile GPS receiver in NeW York and a reference station in 
NeW York. Thus a single location server may be receiving 
navigation messages from tWo or more reference stations 
Which may be Widely dispersed. As shoWn in FIG. 4, the 
communication netWork may be a data netWork such as a 
frame relay or ATM netWork or other high speed digital 
communication netWork. 

[0041] FIG. 4 also shoWs tWo netWork correction proces 
sors 110 and 112; these processors provide merged netWork 
corrections for multiple reference stations in one embodi 
ment and may also provide ionospheric data to the location 
servers. The operation in one embodiment of a netWork 
correction processor is described further beloW. Typically, 
these processors determine the proper pseudorange correc 
tions 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 over 
lapping applicable time. The merged set is then retransmit 
ted on the netWork for receipt by the location servers Which 
are coupled to the netWork. 

[0042] FIGS. 5A and 5B shoW in ?oWchart 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 FIG. 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 pseudor 
anges 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 FIG. 3B. These pseudorange 
corrections from each GPS reference receiver are then 
transmitted into the communication netWork, such as the 
communication netWork 96 or netWork 103 of FIG. 4. In 
step 205, a processor, such as a netWork correction processor 
110, Which is coupled to the communication netWork, such 
as communication netWork 103, receives satellite ephemeris 
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data and the pseudorange corrections. The netWork correc 
tion processor may produce a set of merged pseudorange 
corrections and perform other operations as described 
beloW. These merged pseudorange corrections are then 
transmitted into the communication netWork, such as com 
munication netWork 103, in order that this information may 
be received by the various location servers Which are also 
coupled to the communication netWork. 

[0043] The method continues in step 207 in Which a ?rst 
location server receives 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 mes 
sage data Which has been transmitted into the netWork by 
various GPS reference stations. This data is typically pro 
vided 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 ?rst location server receives pseudoranges from a 
?rst mobile GPS receiver and determines a position of the 
?rst mobile GPS receiver from satellite ephemeris data 
received from the netWork and from pseudoranges originat 
ing from the ?rst 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 FIG. 4 alloWs the 
location server to provide position calculations for Widely 
dispersed mobile GPS receivers. As shoWn in FIG. 4, a 
second location server may also be coupled to the commu 
nication netWork 103 in order to provide position solution 
calculations for mobile GPS receivers. It Will be appreciated 
that in one embodiment the location server 117 may be a 
redundant/backup server for the location server 115 in case 
the location server 115 fails. Typically, each location server 
Will be a fault-tolerant computer system. In situations Where 
high data processing demands may be placed on a particular 
location server due to the dense population in a region 
covered by the location server, several location servers may 
be deployed in this region in addition to redundant location 
servers. Step 211 and 213 illustrate the use of the second 
location server in a method of the present invention. In step 
211, a second location server receives satellite ephemeris 
data and corrected pseudorange corrections from the com 
munication netWork. It Will be appreciated that the satellite 
ephemeris data received from the netWork may be satellite 
speci?c for those satellites Which are in vieW of the reference 
stations in the corresponding area served by the location 
server 117. 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 
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receiver and determines the state (eg 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. 

[0044] FIG. 6 illustrates an example of the data How in 
connection With a netWork correction processor, such as the 
processor 110 of FIG. 4. Each netWork correction processor 
merges corrections from multiple reference stations into a 
single set of corrections (and adjustments) having substan 
tially 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 pro 
cessor, 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 trans 
mitted, along With key ionospheric data and the most up-to 
date navigation message for appropriate satellites in vieW. In 
one particular embodiment, this information is transmitted 
to all designated location servers (Which has been designated 
as the addressees of the corrections from the netWork 
correction processor). Because each satellite vehicle is 
tracked by more than one reference receiver in one embodi 
ment, each set of netWork corrections can be checked to 
ensure internal consistency. Thus, a pseudorange correction 
from a ?rst reference station may be compared against a 
pseudorange correction to the same satellite from an adja 
cent reference station to ensure internal consistency. As 
shoWn in FIG. 6, the reference stations 301 represent the 
geographically dispersed reference stations such as the sta 
tions 104-108 shoWn in FIG. 4. The pseudorange correction 
data 303 and the navigation message data Which includes, in 
one embodiment, at least a portion of the 50 bit data stream 
contained 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 How of the 
various operations described herein is further shoWn in FIG. 
6. 

[0045] FIG. 7 illustrates an example of the How of data in 
connection With a location server. FIG. 7 illustrates at least 
three different components of the system Which are typically 
remotely located relative to the location server. The refer 
ence receiver netWork 401 corresponds to the reference 
stations 104-108 of FIG. 4. These reference stations are 
coupled to the location server through a communication 
netWork, such as the netWork 103 of FIG. 4. The reference 
receiver netWork 401 provides corrections and/or pseudor 
ange 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 embodi 
ment 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 net 
Work. The navigation message data 407 is used to extract the 
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ephemeris data for state (eg position) calculations for 
mobile GPS receivers. The state (eg 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 communication net 
Work, such as the netWork 103. It Will be appreciated 
therefore that the source of the satellite ephemeris data is not 
from a local GPS receiver Which is co-located With the 
location server, but rather from a netWork of GPS reference 
receivers, such as the reference stations 104-108 of FIG. 4. 
In this manner, the location server may serve a large 
geographical area Which Would not be possible With a 
reference GPS receiver co-located With the location server. 

[0046] While the location server continues to receive at 
least a portion of the satellite navigation message data and 
correction data from the GPS reference receiver netWork, it 
may receive requests for the position of a mobile GPS 
receiver, Which is shoWn as clients 424. Atypical transaction 
With a mobile GPS receiver begins With the exchange of 
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 pointed 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 FIG. 1. As shoWn in FIG. 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 algo 
rithms 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 embodi 
ment, the remote operator 422 is a PSAP (Public Safety 
AnsWering Point) Which is the control center Which ansWers 
911 telephone calls. 

[0047] The client interface 420 manages the communica 
tion 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 
operating on the location server, assigns interfaces to 
address remote operation requests. It also controls the inter 
face to external databases and performs netWork manage 
ment and other external interactions as necessary. Typically, 
a particular location server Will provide multiple remote 
operator interfaces. For example, standard frame relay, 
X25, and TCP/IP netWork connectivity may be provided to 
meet remote operator requirements. 

[0048] While the foregoing description has assumed a 
certain architecture (in Which a mobile SPS receiver receives 
SPS signals from SPS satellites and determines pseudor 
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anges to those satellites and then transmits the pseudor 
anges, With a time stamp, to a location server Which deter 
mines the mobile receiver’s position), it Will be appreciated 
that other architectures may be employed With the present 
invention. For example, a mobile SPS receiver may deter 
mine its oWn position by receiving SPS signals and deter 
mining pseudoranges and by receiving and using satellite 
ephemeris data (eg from a location server Which sends 
appropriate satellite ephemeris data based on the approxi 
mate 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 (eg 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 
identi?er provided by the cell site; various techniques for 
determining and using the approximate location are 
described in co-pending US. patent application Ser. No. 
08/842,559, ?led Apr. 15, 1997 by Norman F. Krasner, 
Which application is hereby incorporated herein by refer 
ence. 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 sWitch 
ing 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. 

[0049] Although the methods and apparatus of the present 
invention have been described With reference to GPS satel 
lites, it Will be appreciated that the teachings are equally 
applicable to positioning systems Which utiliZe pseudolites 
or a combination of satellites and pseudolites. Pseudolites 
are ground based transmitters Which broadcast a PN code 
(similar to a GPS signal) modulated on an L-band carrier 
signal, generally synchroniZed With GPS time. Each trans 
mitter may be assigned a unique PN code so as to permit 
identi?cation by a remote receiver. Pseudolites are useful in 
situations Where GPS signals from an orbiting satellite might 
be unavailable, such as tunnels, mines, buildings or other 
enclosed areas. The term “satellite”, as used herein, is 
intended to include pseudolite or equivalents of pseudolites, 
and the term GPS signals, as used herein, is intended to 
include GPS-like signals from pseudolites or equivalents of 
pseudolites. 
[0050] In the preceding discussion the invention has been 
described With reference to application upon the United 
States Global Positioning Satellite (GPS) system. It should 
be evident, hoWever, that these methods are equally appli 
cable to similar satellite positioning systems, and in, par 
ticular, 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 pre 
viously are applicable With the exception that When process 
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ing a neW satellite’s emission a different exponential mul 
tiplier 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. 

[0051] In the foregoing speci?cation, the invention has 
been described With reference to speci?c exemplary embodi 
ments thereof. It Will, hoWever, be evident that various 
modi?cations 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 speci?cation and 
draWings are, accordingly, to be regarded in an illustrative 
rather than a restrictive sense. 

What is claimed is: 
1. Amethod of processing satellite position information in 

a satellite positioning system (SPS), said method compris 
ing: 

receiving at a ?rst digital processing system a ?rst satellite 
ephemeris data from a ?rst SPS receiver having a ?rst 
knoWn position; 

receiving at said ?rst digital processing system a second 
satellite ephemeris data from a second SPS receiver 
having a second knoWn position; 

receiving at said ?rst digital processing system a plurality 
of pseudorange data from a mobile SPS receiver; 

calculating a position information of said mobile SPS 
receiver using said plurality of pseudorange data and at 
least one of said ?rst satellite ephemeris data and said 
second satellite ephemeris data. 

2. A method as in claim 1 Wherein said ?rst digital 
processing system calculates said position information. 

3. A method as in claim 1 Wherein said ?rst digital 
processing system is remotely positioned relative to said ?rst 
knoWn position and Wherein said ?rst SPS receiver is a ?rst 
reference receiver. 

4. A method as in claim 3 Wherein said ?rst 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 ?rst satellite 
ephemeris data is received from a ?rst set of SPS satellites 
in vieW of said ?rst 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 compris 
mg: 

receiving at said ?rst digital processing system a ?rst 
pseudorange correction data from said ?rst SPS 
receiver; 

receiving at said ?rst digital processing system a second 
pseudorange correction data from said second SPS 
receiver. 

7. Amethod as in claim 6 Wherein at least one of said ?rst 
pseudorange correction data and said second pseudorange 
correction data is used to correct said plurality of pseudor 
ange data from said mobile SPS receiver to provide a 
corrected plurality of pseudorange data. 

8. A method as in claim 7 Wherein said position informa 
tion is calculated from said corrected plurality of pseudor 
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ange data and from at least one of said ?rst satellite 
ephemeris data and said second satellite ephemeris data. 

9. A method as in claim 5 Wherein said ?rst satellite 
ephemeris data comprises navigation messages from said 
?rst 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 method further compris 
mg: 

receiving at a second digital processing system a ?rst 
pseudorange data from said ?rst SPS receiver; 

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

performing a correction using said ?rst pseudorange data 
to provide a merged ?rst pseudorange correction data 
and performing a correction using said second pseu 
dorange data to provide a merged second pseudorange 
correction data; 

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

11. A method as in claim 10 Wherein at least one of said 
merged ?rst 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. 

12. A method as in claim 11 Wherein said position 
information is calculated from said corrected plurality of 
pseudorange data and from at least one of said ?rst satellite 
ephemeris data and said second satellite ephemeris data. 

13. A method as in claim 12 Wherein said ?rst satellite 
ephemeris data is derived from navigation messages from a 
?rst set of SPS satellites Which are in vieW of said ?rst SPS 
receiver and said second satellite ephemeris data is derived 
from navigation messages from a second set of SPS satel 
lites Which are in vieW of said second SPS receiver. 

14. A method as in claim 13 Wherein said ?rst satellite 
ephemeris data is received from said ?rst SPS receiver 
through said second digital processing system, and said 
second satellite ephemeris data is received from said second 
SPS receiver through said second digital processing system. 

15. A method as in claim 12 Wherein said ?rst digital 
processing system comprises a ?rst fault tolerant computer 
system and said second digital processing system comprises 
a second fault tolerant computer system and Wherein said 
?rst pseudorange data comprises at least one of ?rst pseu 
doranges to satellites in vieW of said ?rst SPS receiver and 
?rst corrections for pseudoranges to satellites in vieW of said 
?rst SPS receiver. 

16. A method as in claim 12 Wherein said ?rst 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 ?rst SPS 
receiver, said second SPS receiver, said ?rst digital process 
ing system and said second digital processing system are 
coupled together through a packet data netWork. 
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19. A method as in claim 10, said method further com 
prising: 

receiving at a third digital processing system said ?rst 
pseudorange data from said ?rst SPS receiver; 

receiving at said third digital processing system said 
second pseudorange data from said second SPS 
receiver; 

performing at said third digital processing system a cor 
rection using said ?rst pseudorange data to provide said 
merged ?rst pseudorange correction data and perform 
ing a correction using said second pseudorange correc 
tion data to provide said merged second pseudorange 
correction data, Wherein said ?rst digital processing 
system is capable of receiving said merged ?rst pseu 
dorange correction data and said merged second pseu 
dorange correction data from said third digital process 
ing system. 

20. Asystem for processing satellite position information, 
said system comprising: 

a plurality of satellite positioning system (SPS) reference 
receivers, each having a knoWn position, said plurality 
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 satel 
lites in vieW of each of said plurality of SPS reference 
receivers; 

a plurality of digital processing systems, each coupled to 
said communication netWork to receive satellite 
ephemeris data transmitted through said communica 
tion netWork, said plurality of digital processing sys 
tems comprising a ?rst digital processing system and a 
second digital processing system, said ?rst digital pro 
cessing system receiving a ?rst plurality of pseudor 
ange data from a ?rst mobile SPS receiver and calcu 
lating a ?rst position information of said ?rst mobile 
SPS receiver from said ?rst 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 pseu 
dorange data from a second mobile SPS receiver and 
calculating a second position information of said sec 
ond mobile SPS receiver from said second plurality of 
pseudorange data and from satellite ephemeris data 
received from said communication netWork. 

21. A system as in claim 20 Wherein said ?rst digital 
processing system is communicatively coupled to said ?rst 
mobile SPS receiver through a Wireless cell based commu 
nication system, and said second digital processing system 
is communicatively coupled to said second mobile SPS 
receiver through said Wireless cell based communication 
system. 

22. A system as in claim 21 Wherein said communication 
netWork is a packet data netWork. 

23. A system as in claim 21 Wherein said ?rst digital 
processing system is remotely located relative to at least 
some of said plurality of SPS reference receivers. 

24. Asystem as in claim 21 Wherein said plurality of SPS 
reference receivers comprises a ?rst SPS reference receiver 
and a second SPS reference receiver, and Wherein said ?rst 
SPS reference receiver transmits into said communication 
netWork a ?rst satellite ephemeris data Which is obtained 
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from navigation messages received from a ?rst set of SPS 
satellites Which are in vieW of said ?rst SPS reference 
receiver, and Wherein said second SPS reference receiver 
transmits into said communication netWork a second satel 
lite ephemeris data Which is obtained from navigation mes 
sages 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 ?rst digital 
processing system is capable of using said ?rst satellite 
ephemeris data and said second satellite ephemeris data in 
calculating said ?rst position information of said ?rst mobile 
SPS receiver and said second digital processing system is 
capable of using said ?rst satellite ephemeris data and said 
second satellite ephemeris data in calculating said second 
position information of said second mobile SPS receiver. 

26. A system as in claim 24 Wherein said ?rst and said 
second digital processing systems receive a ?rst pseudor 
ange correction data derived from data from said ?rst SPS 
reference receiver and a second pseudorange correction data 
derived from data from said second SPS reference receiver. 

27. A system as in claim 26 Wherein said ?rst SPS 
reference receiver transmits said ?rst pseudorange correc 
tion data into said communication netWork and said second 
SPS reference receiver transmits said second pseudorange 
correction data into said communication netWork. 

28. A system as in claim 27 Wherein at least one of said 
?rst pseudorange correction data and said second pseudor 
ange correction data is used to correct said ?rst plurality of 
pseudorange data to provide a ?rst merged plurality of 
pseudorange data and Wherein said ?rst position information 
is determined from said ?rst merged plurality of pseudor 
ange data and at least one of said ?rst 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 com 
munication network, said further digital processing 
system receiving a ?rst pseudorange data from said ?rst 
SPS reference receiver and receiving a second pseudo 
range data from said second SPS reference receiver, 
said further digital processing system performing a 
correction on said ?rst pseudorange data to provide a 
merged ?rst pseudorange correction data and perform 
ing 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 ?rst pseudorange correction 
data and said merged second pseudorange correction 
data to said ?rst digital processing system. 

30. A computer readable storage medium containing 
executable computer program instructions Which When 
executed cause a ?rst digital processing system to perform 
a method comprising: 

receiving at said ?rst digital processing system a ?rst 
satellite ephemeris data from a ?rst satellite positioning 
system (SPS) receiver having a ?rst knoWn position; 

receiving at said ?rst digital processing system a second 
satellite ephemeris data from a second SPS receiver 
having a second knoWn position; 

receiving at said ?rst digital processing system a plurality 
of pseudorange data from a mobile SPS receiver; 

calculating a position information of said mobile SPS 
receiver using said plurality of pseudorange data and at 
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least one of said ?rst satellite ephemeris data and said 
second satellite ephemeris data. 

31. A computer readable storage medium as in claim 30 
Wherein said ?rst digital processing system is remotely 
positioned relative to said ?rst knoWn position and Wherein 
said ?rst SPS receiver is a reference receiver. 

32. A computer readable storage medium as in claim 30 
Wherein said ?rst satellite ephemeris data is received from a 
?rst set of SPS satellites in vieW of said ?rst 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 ?rst digital processing system a ?rst 
pseudorange correction data derived from said ?rst SPS 
receiver; 

receiving at said ?rst 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 ?rst 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 from at least one 
of said ?rst satellite ephemeris data and said second satellite 
ephemeris data. 

36. Asystem for processing satellite position information, 
said system comprising: 

a communication medium; 

a ?rst satellite positioning system (SPS) reference 
receiver having a ?rst knoWn position and having a ?rst 
communication interface Which is coupled to said com 
munication medium, said ?rst SPS reference receiver 
transmitting a ?rst 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 ?rst digital processing system coupled to said commu 
nication medium to receive at least one of said ?rst 
satellite ephemeris data and said second satellite 
ephemeris data and to provide satellite information for 
a mobile SPS receiver in order to determine a naviga 
tion solution of a position information for said mobile 
SPS receiver. 

37. A system as in claim 36 Wherein said ?rst satellite 
ephemeris data is received from a ?rst set of SPS satellites 
in vieW of said ?rst 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 system as in claim 37 Wherein said communication 
medium comprises a packet data netWork, and Wherein said 
?rst communication interface and said second communica 




