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PCT/ US99/ 08085 METHOD AND APPARATUS FOR OPERATI NG A
SATELLI TE PCOSI TI ONI NG SYSTEM RECEI VER
BACKGROUND OF MHHESTREENTI ON The present invenPEFHHSI@808% es t o
a method for operating a Satellite Posi tioning System (SPS) receiver
and nore particularly relates to a systemin whi ch the receiver

provi des, through a wirel ess conmunication link, information

regarding its position. Conventional Satellite Positioning
Systens (SPS) such as the d obal Positioning System (GPS) use
signals fromsatellites to determ ne their position. GPS receivers
normal |y determ ne theMETPIOS ANDAHPARATRUHORGPERA BNGVL s ATEESTR

arrival of signals transmtted | . [tiplicity of GPS
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data. The process of s GPS si gnal
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time is unacceptab furthernore greatly imts tery life in
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These satellites transmit, as part of their message, both satellite positioning data as
well as data on time of day plus clock timing, which together is herein referred to
as ephemeris data. The process of searching for and acquiring GPS signals,
reading the ephemeris data for a multiplicity of satellites and computing the
location of the receiver from this data is time consuming, often requiring several
minutes. In many cases, this lengthy processing time is unacceptable and
furthermore greatly limits battery life in portable operations and applications.

Another current limitation of current GPS receivers is that their operation is
limited to situations in which multiple satellites are clearly in view, without
obstructions, and where a good quality antenna is properly positioned to receive
such signals. As such, they are normally unusable in portable body-mounted
applications and in areas where there is significant foliage or building blockage and
within buildings.

There are two principal functions of GPS receiving systems: (1)
computation of the pseudoranges to the various GPS satellites; and (2)
computation of the position of the receiving platform using these pseudoranges
and satellite timing and ephemeris data. The pseudoranges are sirnply the time
delays measured between the received signal from each satellite and a Jocal clock in
the GPS receiver. The satellite ephemeris and timing data is extracted from the
GPS signal once it is acquired and tracked. As stated above, collecting this
information normally takes a relatively long time {such as thirty seconds to several
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operator af the remotely located basestation which receives, through the radio

signal, the position to track the route of the GPS receiver as it moves over time. In
an alternative embodiment, described for example in U.S. Patent 5, 663,734, the
mobile GPS receiver which includes a communication transmitter transmits time-
tagged pseudorange information rather than a completed position calculation (such
as latitude, longitude, and altitude of the GPS receiver). In this case, the mobile
unit, which includes the GPS receiver, will collect GPS signals and processes
those signals to determine pseudoranges to the various satellites in view at a
particular time and then the transmitter will transmit these pseudoranges to a
remotely located basestation which will then process these pseudoranges with the
time tags of the pseudoranges plus ephemeris data collected at or supplied to the
basestation in order to determine a position of the mobile unit. Also in this case,
the transmitter will transmit one set of pseudoranges before the GPS receiver
determines a next set of pseudoranges.

‘While both of these prior approaches provide a way to track the route of a
moving GPS receiver, there are several concerns with using these techniques. In
the case of the mobile GPS receiver which determines its position and transmits
the position to a remotely located basestation, the mobile unit must have a good
view of the sky and receive multiple satellites clearly in order to be able to compute
the pseudoranges and to read the ephemeris data before the GPS receiver can
determine its position, Furthermore, in the case where this mobile GPS receiver
attempts to compute several positions and then transmit them in one transmission,
this receiver will typically not be able to benefit from differential GPS-comections,
unless a large set of differential corrections is buffered at_tl;c baséstation. A
mobile GPS receiver which collects a series of digitized samples of GPS signals
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providing multiple sets of position information over a petiod of time through a
mobile GPS unit.

SUMMARY OF THE INVENTION

The present invention provides methods and apparatuses for operating a
satellite positioning system receiver so that the position of the receiver can be
tracked over time.

In one example of a method according to the present invention, a first
plurality of pseudoranges at a first time is determined, and a second (and perhaps
additional) plurality of pseudoranges is determined at a second (and perhaps
additional) time which is after the first time. The first plurality of pseudoranges
and the second plurality of pseudoranges are stored in the satellite positioning
system receiver. After the second time, the first plurality of pseudoranges and the
second plurality of pseudoranges are transmitted from the mobile SPS receiver.

In one particular example of a method of the present invention, a queue of
sets of pseudoranges taken in series over time is stored and then transmitted upon
the occurrence of a predetermined type of event from the mobile GPS unit or an
alarm condition. The transmission occurs in response to determining that the
predetermined type of event has occurred or an alarm condition has occurred.
Typically, the GPS receiver will receive first GPS signals from which the first
plurality of pseudoranges is determined and will also receive second GPS signals
from which the second plurality of pseudoranges is determined. The mobile unit
will also determine a first receipt time when the first GPS signals were received at
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for exanpl e, wouwsezean Patent Application 0 508 405. pdtludobiBrogase of
the nobile GPS receiver which transmts pseudoranges one at a tine, the
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tend to decrease battery life in the nobile unit and may al so cause
congestion in the wirel ess communication Ijnk between the nobile unit and a
basestation. Furthernore, the air time costs may be high for such an
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according to one example of the present invention.

Figure 1B shows one example of a method performed by the mobile
GPS unit in order for a remotely located location server to determine the position at
various times of the mobile unit.

Figure 1C shows one example of a method in which a location server
determines various positions from a queue of sets of pseudoranges taken over time
by a mobile unit.

Figure 2 shows another example of a system for tracking the location of
mobile units over time using a cell based communication system.

Figure 3 shows an example of a location server which may be used with
a cellular based communication system in one example of the present invention,

Figure 4 shows an example of a mobile GPS receiver which is combined
with a communication system according to one example of the present invention.

Figure § shows an example of a GPS reference station which may be
used with one example of the present invention.

\ D D DES N
\ The present invention relates to the use of a satellite positioning system
(SPS) receiver to provide position information over time to indicate the movement
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determ ne the posit
on a map at its current location on road 11 Pnor locations 14, 16, 18, 20, 22,

and 24 are also shown on road 11. In the particular example shown in Figure
1A, it is assumed that the user of the mobile GPS receiver 12 has driven down the
road 11 and began at location 14, passing location 16, 18, 20, 22, and 24 and is
now presently at the location shown in Figure 1A. The mobile GPS receiver 12
includes a GPS receiver, which may be a conventional GPS receiver which can
provide an output of pseudoranges to a transmitter which is part of a
communication system such as the communication system 78 shown in Figure 4
which is an example of the mobile GPS receiver 12. Alternatively, the mobile
GPS receiver 12 may be similar to the GPS receiver and communication system
described in U.S. Patent 5, 663,734. In either embodiment, the mobile GPS
receiver 12 will include a memory for storing pseudoranges and a time stamp
indicating when the GPS signals were received from which the pseudoranges were
determined.

The system of Figure 1A also includes a location server 25 which
communicates through a wireless communication system with the communication
system which is coupled to or part of the mobile GPS unit 12. The basestation 25
typically includes storage 26 for storing a time sequence of differential GPS and
satellite ephemeris information. The basestation 25 also typically includes a GPS
reference receiver 27 which can read satellite ephemeris data from satellites in view
and can also provide GPS time and also provide differential GPS information.
Thus, the GPS reference receiver 27 may determine differential GPS and satellite
ephemeris information and time starnp it with GPS time and the basestation can
then store this in the storage 26. This operation is repeatedly performed over time
so that there is a queue of ephemeris and differential GPS information for the
various satellites in view over a period of time.




Figure 1C shows one exanple of a nethod in which a |ocation server
determ nes various positions froma queue of sets of pseudoranges taken

over tinme by a nobile unit. Figure 2 shows. anot her exanple of a
system for t_rw@ky:mgyst he | ocation of nobile units over tinepgghiRehidogze! |
based communi cation system Figure 3 shows an exanple of a |ocation
server which nmay be used with a cellular based conmuni cati on systemin one
exanpl e of the present invention. Figure 4 shows an exanple of a
nmobil e GPS receiver which is conmbined with a conmuni cation system accordi ng
to one exanple of the present invention. 4 Figure 5 shows an exanpl e
of a GPS reference station which may be used with one exanpl e of the
present invention. DETAILED DESCRI PTI ON present invention
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the mobile GPS unit and a plurality of pseudoranges to a plurality of GPS satellites

is determined. As explained above, the GPS receiver may be a conventional

receiver which utilizes hardware correlation to determine pseudoranges,

Alternatively, the pseudoranges may be determined in the manner described in

U.S. Patent 5,663,734. As yet another alternative, the GPS signals may be

received and digitized and stored along with a time stamp indicating the time in

which the signals were received. In this case, these digitized signals, rather than

pseudoranges, will be transmitted. This alternative requires larger memory and

larger transmission bandwidth in order to store and transmit this considerably

larger amount of data. In step 33, the plurality of pseudoranges is time stamped

and this plurality of pseudoranges is stored along with the cotresponding time

stamp. The time stamp may be obtained by reading GPS time from the GPS

signals received by the mobile unit or may be obtained in certain instances where

the communication system employed for communicating messages between the

mobile unit 12 and the basestation 25 utilizes the CDMA cell communication

system. The CDMA signals include time as part of the signal and the

communication system and the mobile unit 12 can read this time and use it to time

stamp the time of receipt of the GPS signals from which the pseudoranges are

determined. Another method for determining the time of collection of the GPS

signals from which the pseudoranges is determined is described in co-pending

U.S. Patent Application Serial No. 08/794,649 which was filed February 3, 1997

by Norman F. Krasner and which is hereby incorporated herein by reference.

In one example of a method according to the present invention, it is

determined whether a predetermined type of event has occurred (or an alarm

condition has occurred), as shown in step 35. While it will be understood that this

step is optional, it will typically be used in order to determine whether or not to

transmit the pseudoranges which have been stored along with their corresponding
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transmitted.

This method provides a number of advantages over the prior art technique
of determining a position at each point and then transmitting these positions. It is
also advantageous relative to another example in which several positions are
determined over time but not transmitted, and then transmitted after a collection of
positions is obtained. Attempting to determine the position of the mobile unit will
require an adequate view of the sky as well as an adequate ability to read the
signals off of enough satellites in order to obtain the satellite ephemeris data.
Furthermore, such a method does not allow for the use of differential GPS
(DGPS) information which will improve the accuracy of the position calculation
(unless the communication link is used to transmit the DGPS data, which will use
more power). With the method of the present invention, only the pseudoranges
need to be determined by the mobile unit over time. Thus it is not required to be
able to read the satellite ephemeris data, With the improved processing techniques
described in U.S. Patent 5,663,734, it is possible to obtain pseudoranges to
enough satellites in most instances even when the sky is obstructed or the signals
are weak. The queuing of pseudoranges and transmission only upon the
occurrence of an event minimizes the transmission "air time" yet permits
determination upon demand of a history of the mobile's positions.
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to the basestation server 25. For exanple, a small network of GPS receivers
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above, the GPS receiver may be a conventional receiver which utilizes
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position of the mobile GPS receiver as well as the prior position as indicated in the
queue of time stamped pseudoranges. Another predetermined event may be that
the memory limit has been reached for storing pseudoranges. Another
predetermined event may be that a predetermined period of time has lapsed since
the last transmission of pseudoranges. If this time is varied, it may also cause a
corresponding variance in the number of saved pseudoranges by varying the
interval between which GPS signals are collected and processed to determine
pseudoranges. In another example of a predetermined event, it may merely be the
user pressing a button on the mobile GPS receiver.

Figure 1C shows an example of the operations performed according to a
method of the present invention on a location server, such as the location server
25. The method of Figure 1C begins in step 41 in which the location receiver
determines and stores a plurality of differential GPS corrections for each of a
series of points in time and also stores a time stamp for each corresponding
plurality of differential GPS corrections. As described above in the system of
Figure 1A, the location server 25 may receive or determine differential GPS
corrections from the GPS reference receiver having a known location. In the case
where the basestation and mobile unit use point-to-point radio communications




In one exanple of a nethod according to the present
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later transmitted. understood thatFlepd1 mill typidaliyroosi etpeatailyduiig thevell pRiéages over
the prior art tech@jogté Figure 1C. Thatis, the operation described in step 41 will be repeated

and will be occurring continually in order to obtain a queue of differential GPS

corrections and the corresponding time stamps for each correction. This will allow
differential GPS collections to be made over an extended period of time of travel of
a mobile unit, such as the mobile unit 12. For example, if the mobile unit 12 takes
one hour to travel from position 14 to its current position past position 24 shown
inroad 11, then at least one hour of differential GPS corrections may be required.
However, if there is a limit in the duration required to determine position history of
each mobile, then the queue size of these corrections may be kept small (for
example, the queue may correspond to the last one minute period).

It will be appreciated that when a basestation (location server) services a
large geographical area, that a reference network of GPS reference receivers
providing differential corrections over the entire network may be required. This is
further described below. Returning back to Figure 1C, in step 43, the location
server receives a transmission containing several sets of pseudoranges and the
corresponding time stamp for each set. It will be appreciated that while the
pseudoranges and the time stamps may be transmitted in one transmission, this
transmission may be over several packets of data or may be interrupted, although
for purposes of the present invention this may still be considered a single
transmission of the queue of pseudoranges which have been time stamped. In step
45, the location server selects the most appropriate differential GPS correction to
use with each set of pseudoranges by comparing the time stamps for the
differential GPS cotrections and the time stamps for each set of pseudoranges. In
effect, the location server determines the differential GPS correction whose time of
applicability is closest in time to the time stamp of the pseudorange. After



of determning a position at each point and then transmtting these
positions. It is also advantageous relative to another exanple in which
several positions are deternmi ned over tine but not. transmtted, and then
transmtted XAW57H6col | ection of positions is obtained. Aptenibdafsst O
determ ne the position of the nobile unit will require an adequate vi ew of
the sky as well as an adequate ability to read the signals off of enough
satellites in order to obtain the satellite epheneris data. Furthernore,
such a nmethod does not allow for the use of differential GPS (DGPS)

i nformati on which will inprove the accuracyloef the position cal culation
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the time the mobile unit was at these positions. In this manner, the location server

may be able to track the movement of mobile unit in space and in time. This

information is used in step 49 in a number of different ways. For example, the

basestation may provide concierge services or routing information to the operator

of mobile unit 12 by transmitting help information back to the mobile unit 12

through the wireless communication system.

Having a time history of pseudoranges from which a time history of
positions are computed allows the server to track the mobile's position and
velocity. This is important for locating a mobile in an emergency situation, such
as an automobile accident in which the mobile antenna is incapacitated.

While the foregoing description generally assumed a point-to-point
communication system between the communication system of the mobile unit 12
and the communication system of the basestation 25, it will be understood that the
communication system may be a cell based communication system as described
below.

Figure 2 shows one example of a system 101 of the present invention.
The system includes a cell based communication system 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. It will be
appreciated that Figure 2 has not been drawn to show an overlap of cells.
However, the signal coverage zone of the cells may in fact overlap. The cell based
communication system as shown in Figure 1 includes three cells 102, 103, and
104. It will be appreciated that a plurality of cells with corresponding cell sites



event is the collection of the seventh set of signals from which
pseudoranges are determ ned, then the nobile unit 12 will transmt al
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in Figure 1A YOPPH& nobile unit 12. There are nunerous ot hBETHEMYBESe
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ti me stanped pseudoranges. One, as already nentioned, is that a certain
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of event may be a sensor or alarmwhich detects an alarmcondition or sone
other condition and which causes the transmibksion of the stored
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| ocation. In the case station an | .
poi nt - t 0- poi nt r adi 194 oRhesaRoaRAcHions are typically wireline connections between the respective

cell base and the mobile switching centers 105 and 106. Each cell base includes an
antenna for communicating with communication systems serviced by the particular
cell site/base. In one example, the cell site may be a cellular telephone cell site
which communicates with mobile cellular telephones (integrated with a GPS
receiver) in the area serviced by the cell site.

In a typical embodiment of the present invention, the mobile GPS receiver,
such as receiver 102b, includes a cell based communication 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 102b and the cell base 102a. Transmissions from the receiver 102b to the
cell base 102a are then propagated over the connection 102¢ to the mobile
switching center 105 and then to either another cellular telephone in a cell serviced
by the mobile switching center 105 or through a connection (typically wired) to
another telephone through the land-based telephone system/network 112. It will



-9- (and not a w dely-dispersed cell based systen), the GPS reference
receiver typically is co-located with the |ocation server and typically

al so has the sane satellites in view as nobile units which are being
tracked by tmodssesaéi on server 25. The GPS reference recei yvehiuddodimy
determne differential GPS corrections in the conventional manner and al so
provide GPS tine indicating the point in tine when the GPS signals, from
which the differential GPS corrections were determ ned. were received and
provide this set of information for each point in time to the |ocation
server which causes this information to be stored in storage 26. It will be
understood that step 41 will typically occuf repeatedly during the overall
procedure shown in Figure 1C. That is, the operation described in step 41
wi |l be repeated amjapmebilatebélaubcmnnw&rgdmolnddsrfmmdpgicarrdmedeon wirelesdst ai n a
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reference receiver shqatrmnskagésig gdiohfrarigfotnmagibn ek daa} to berpassed emornghedenentsiof e
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for each set. |t wnétiwolkel 18 ppereminatte MSCHA0S wird 106 to hgiquelSMBC anGjeaddnd. t he
time stanps may berhf angimleldreshird 2 3R sEFATSICPS 1¥tiof {ers 109 and 110
which are coupled to regional SMSC 107 and regional SMSC 108 through the -
network 115. In one embodiment of the distributed system of Figure 2, the

network 115 may be a permanent packet switched data network which

interconnects various regional SMSC's and MSC's with various GPS location
servers. This allows each regional SMSC to act as a router to route requests for
location services to whichever GPS location servers are available in case of
congestion at a location server or failure of a location server, Thus, regional
SMSC 107 may route location service requests from mobile GPS receiver 102b
(e.g. the user of mobile GPS receiver 102b dials 911 on the integrated cell
telephone) to the GPS location server 110 if location server 109 is congested or
has failed or is otherwise unable to service the location service request.

Each GPS location server is typically coupled to a wide area network of
GPS reference stations which provide differential GPS corrections and satellite
ephemeris data to the GPS location servers. This wide area network of GPS
reference stations, shown as GPS reference network 111, is typically coupled to
each GPS location server through a dedicated packet switched data network.
Hence, location server 109 receives data from the network 111 through connection
109a and server 110 receives data from network 111 through connection 110a.
The reference network 111 may be coupled to the communication network 112,
Alternatively, a GPS reference receiver may be used at each location server to



transm ssion may be over several packets of data or may be interrupted,

al t hough for purposes of the present invention this may still be considered
a single traqi 'ﬁ%%%n of the queue of pseudoranges which have been tine
stanped. In s '{eﬂr’) , the location server selects the nost dafPrisIsHaese
differential GPS correction to use wth each set of pseudoranges by
conparing the tinme stanps for the differential GPS corrections and the tine
stanps for each set of pseudoranges. In effect, the |ocation server
determnes the differential GPS correction whose tinme of applicability is
closest intinme to the tine stanp of the psidudorange. After

-10- selecting the appropriate differential GPS correction, the set of
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the | ocation server canlhféveGRS iasatidveservers arenmplont embadirment, Zisedte datermiasi t i on

14 at the time indiheab@tondf ainkBilé GFE rebiade 8T8QNeAIRY) Widd GPHGRaeudor anges

obt ai ned when the rrg)bil g‘i?lt bV\fa%fgt c%osmlon 14, and the | ocalion server
can al so determine f%"d;"a STPONE B8 I8 20, 22, 24, and its current
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this manner, the |gealdrai ARNNSIPhEBtisARa &BMInd OPS fefofdficd H@wm\éﬁdr@aﬁ'@ulagg .
nobile unit in space I s .used | n st 9in a

nd in.ti Thi ormati o
nurber of differentt positjons g% Moéaﬁe {iﬂ% fecerver angI then these positions will be
transmitted through the network 112 (e.g. the public switched telephone network

PSTN) to one (or both) of the Application Servers where the positions are
presented (e.g. displayed on a map) to a user at the Application Server. Normally,
the GPS location server calculates but does not present (e.g. by display) the
positions at the GPS location server. An application server may send a request,
for the positions of a particular GPS receiver in one of the cells, to a GPS location
server which then initiates a conversation with a particular mobile GPS receiver

. _ through the mobile switching center in order to determine the route of positions of
the GPS receiver and report those positions back to the particular application. 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.

It should be noted that a cellular based or cell based communication system
1s a communication system which has more than one transmitter, each of which
serves a different geographical area, which is predefined 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



basestati on may provide concierge services or routing information to the
operator of nobile unit 12 by transmtting help information back to the
nobile unit 12 through the wirel ess comruni cati on .system Havi ng a
time historywersseudor anges fromwhich a tinme history of pesiukbsmagesar e
conmputed allows the server to track the nobile's position and velocity.
This is inportant for locating a nobile in an energency situation, such as
an aut onobil e accident in which the nobile antenna is incapacitated.

Wil e the foregoing description generally assunmed a point-to-point

conmuni cati on system between t he communi cat4-on system of the nobile unit 12
and the communi cati on system of the basestation 25, it will be understood
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corresponding cel ldes%hfatﬁﬁ 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 may be very large and move as a function of time. Examples of such
systems include Iridium, Gloiaalstar, Orbcomm, and Odyssey.
Figure 3 shows an example of a GPS location server 50 which may be
used as the GPS server 109 or GPS server 110 in Figure 2. The GPS server 50
of Figure 3 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 exchange of information to and from the location
server shown in Figure 3 between three different networks, which are shown as
networks 60, 62, and 64. The network 60 includes the mobile switching center or
centers and/or the land-based phone system switches or the cell sites. An example
of this network is shown in Figure 2 wherein the GPS server 109 represents the
server 50 of Figure 3. Thus the network 60 may be considered to include the
mobile switching centers 105 and 106 and the cells 102, 103, and 104. The
network 64 may be considered to include the Applications Servers 114 and 116,
which are each usually computer systems with communication interfaces, and also
may include one or more "PSAP's," (Public Safety Answering Point) which is
typically the control center which answers 911 emergency telephone calls. The
network 62, which represents the GPS reference network 111 of Figure 2, 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 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



and/or cellular service areas may also be included in the system 101 and be
coupled to one or nore cell based switching centers, such as the nobile

swi t chi ng ceg&(ﬁ%%%g and the nobile switching center 106. Wthin each cell,
such as the ce there is a wireless cell basestati on REHH0085
referred to as a cell site) such as the cell basestation. 102a which is
desi gned to communi cate through a wirel ess comuni cati on nmedi um usi ng cel |
based comruni cation signals with a communi cati on system which typically
includes a receiver and a transmtter for comuni cating by using the cell
based communi cation signals and a nobile GPS-receiver. This conbi ned
communi cati on system and nobile GPS receiver provides a conbi ned system
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ant enna system 79. cilecth amgirdvides satellits eplpaptiedhtd andidifferdnyialtGPSacorediioh Qata

switching center. B%r%'wg&ra?eazna&@ﬂdhnc@%tﬁ?h%@gs@m%ﬁﬂm 3a are coupled to
switching center 105 th Oyhggn ﬁ*gectlons 102c an , res(gectlvely, and

cel | base 104a is coupl @&y prest éﬁ‘é%ﬁﬁt‘@%ﬂegwéém%@pe K tee data
t hrough connect i onpboebsing Tiesle Typicaibs theanss asrage H5wilt arlchude wiofagb Fordata

connections bet me@&%ﬁw%@mg&% Eogfifit GPORSHiARACHRBAIR: kel CNI NG

centers 105 and 10 I NC es an ni cating
wi th conmuni cat i onPejdqraness Ryp m’%ﬁPﬁﬁéceﬁﬁFst Uk pa regaiyer 192k ef Figure | n
one exanpl e, the cel That peudomngbrarancmhllyteedived eiroyphalecet] @itd ardiirhédilehi ch

et o> Ve o TRl Bl a8 B ol B ODARG Surl el 85" P Stk bl Luctlcd s

receiver) in the area, sérvice
embodi ment of the peBeldesspifeae. |“b]|’i‘r“St {nfme gpbedimentehichds asedde “’C%‘M?:Wdas
recei ver 102b, i nchsedkessarllitedphethaieldtapesvided bg dieiGPS rafyeh@Menwirk B2 thsough

ntegrated Wi th NG GRReh SPALMGHerbe by HRMAR LG EPS HECEINGLA9T the

comuni cati on system are enc f this

is acellular tel eﬁﬁb‘ﬁ%a%WW‘&H‘%%?%@Y%*@HC@SWW&P@@W ftaresd satbitce s
common circuitry wepHemeHeand differdndal GRY epbaivas dsrdasesibad abeve. \Wien thi s

conmbi ned systemis use : ; nni A ; .
Cransm ssi ons. ocour - bet aealp ohantdaert 8 GERGRR (RARN e B APTES ysjve
Transni ssi ons f r omP® HehoF BRCETSE s ho S St rsteranes petvork J4 L of Higyre Z(showman
propagat ed over t heaeteorki2aif Figurd 8Pmrotidestthredifferontiab GBRlidfodmarngn asht er 105 and

then to either anoggw?&ﬁ{]ku{n@ stafnfd SAANS b&@;ﬁ@&ﬁ@éﬁé&% sdgbe nob! | e

swi tching center a connect y wre anot her
t el ephone through {RE thesitd %eéé‘éﬂc‘f’ of bp Kyinus wirky “é?ﬂeFFéYeﬁb‘PlEhelci refetfc‘\ﬁﬁ’ N
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 in the case of network
64 and to cellular based communication systems 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. In
some embodiments, the differential correction GPS information, obtained from a
receiver near the cell site or cellular service area which is communicating with the
mobile GPS receiver through the cellular based communication system, will



-12- be appreciated that the termwred includes fiber optic and ot her non
W rel ess connections such as copper cabling, etc. Transm ssions fromthe

ot her tel ephaone which is communicating with the reeceiver 102a are conveyed
fromthe mobiYR%%F6chi ng center 105 through the connecti onpcisssmesees t he
cell base 102a back to the receiver 102b in the conventional manner.

In the exanple of Figure 2, each nobile switching center (MSC) is coupled
to at | east one regional short nessage service center (SMSC) through a
conmruni cation network 115 which in one enbodinent is referred to as a
Signaling System Nunber 7 (SS7) Network. Thiés network is designed to allow
short nessages (e.g. control information and data) to be passed anong

el ements of the teﬁr@ﬂh@&lﬁc@ﬁia’f‘_@f’gcor}&tiﬁ info &ioﬂ%%hﬁ%d bRk haur e 2
shows one exanple and that it i1s_possible 1or several 'WNbC's to bDe coupl ed

to one regi onal SMEBrOXRALE IReatigR Pithe mebile{fRS weeriffect s MSC s 105 and 106 to
regi onal SMSC s 107 andFigii8 4 shitves egeanmplizzdabmbingdisyateth @hishinsdvsa GP® GPS

| ocation servers 1Q%;ang,dl1QmMink; rS?Sfﬁ'@%sﬁgééﬁgh{eﬁbi%%%%C 107 and

regi onal SMSC 108 t hrough the network~ 11 tof the
di stributed systeniPSFRIGUPESYSCm IARSCEH¥AT ik Jellalaryelgphipne eThe spgemd instudgsack et
swi t ched dat a net woGRS whéiedr 76 hinenge-DGPS aftenny A7 il iScontginiiatdn tHM&enver and MSC s
wh various GBS |9SRELBmRBAYALR andila702ThOUPs £RAV.7BH QB T 10 act as
a router to route requests for location services to I chever | ocation
servers are avai | aiPERYmiFaHoMEAnsteIve i}y laqueh thegonnection 84 shown snkigare 41 fai | ure
of a location ser VEfe mehinug 81 stergs Dqebe GMoterrhidéd prydoragtand @6aésbortliger Vi ce
requests from nobifkg. ﬁaépsrag ﬁgsicﬁt%rd a}}&%b This memory 81 is coupled to the GPS receiver

76 and may also be coupled to the communication transceiver (e.g. the memory is

dual ported). 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 GPS satellites through the GPS antenna 77. The determined pseudoranges ate

then transmitted to a GPS location server 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 location server. Examples of various embodiments for the system 75 are

known in the art. For example, U.S, Patent 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

systemn has been described in co-pending Application Serial No. 08/652,833,

which was filed May 23, 1996. Most conventional GPS receivers can be modified

to work as the receiver 76 in Figure 4, although receivers, such as those described

in U.S. Patent No. 5,663,734 may provide improved performance. The system

75 of Figure 4, as well as numerous alternative communication systems having

SPS receivers will typically time stamp the time of the receipt of GPS signals from

which pseudoranges are determined. In particular, the system 75 may use GPS

time (received or estimated from the GPS satellites) or use time from CDMA

transmissions (in a preferred embodiment) to time stamp the time of receipt at the

mobile unit of SPS signals.

..




(e.g. the user of nobile GPS receiver 102b dials 911 on the integrated cell
tel ephone) to the GPS | ocation server 110 if location server 109 is
congest ed oryRassfsdi | €d or is otherw se unable to service the | ocation
servi ce request. Each GPS | ocation server is typicafFyVS¥i3P8d to a
w de area network of GPS reference stations which provide differential GPS
corrections and satellite epheneris data to the GPS | ocation servers. This
wi de area network of GPS reference stations, shown as GPS reference network
111, is typically coupled to each GPS | ocation server through a dedi cated

packet switched data network. Hence, |ocation server 109 receives data from
the network 111 through connection 109a and server 110 receives data from
network 111 through cofigacre § ehows bbaecmbddimern farcGRSrefeéne slatiddl 11t witybde

coupled to the conpupinad haRadgbiRhde slakidn mAY t%daa}dc&ewﬁﬁs%?éd Eubfzhence

recei ver may be us at each | ocatlgfgJ server i k
-13-  provi de sat &7 1 CAMBENEAteR petwastPr agsdium. fypically, prch EPS refsteacs sioser ver .
As shown in Fi gur such as€iRStrefeRSed saimhioonf Figuves, will imdiwie ackblfrederdc GPS

comuni cati on net WrkknS4eRiv@syAuRUPh cougoith 094 hEhBRAMEHELNAL b5 PSTN

112 to which two appl|cation servers .
two GPS | ocation S@R¥efremGES satellitesinvigwioh Hie gatarna 3is SFSrefergaseaesnivers ade
position of a npbivwedl koh®n Inaheiri €Fhe (GPSY=fetepCeretdver 98) Abdording HnEPS si gnal s

Fecei ve. potudor angabofmEREaE b ST ognion, provii alieitiRd GG of BorREOG 1Y

data fromthe GPSOP@rEfOAEe KEtivRs PR Bistdranse opigps 93 are provided to a processor
and network interface 93, and these pseudorange outputs (and the time at which
the SPS signals, from which the reference pseudoranges were determined, were
received) are used to computé pseudorange differential 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 psecudorange data to determine the appropriate pseudorange correction
for each satellite in view of the GPS antenna 91. These pseudorange corrections
(and their corresponding time stamps) 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 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, which is included in the GPS reference network 111 of Figure 2.

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. This 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 communication network is later received through




a route of positions for the nobile GPS receiver and then these positions
wll be transmtted through the network 112 (e.g. the public sw tched

t el ephone network PSTN) to one (or both) of the Application Servers where
the positionwoemersps esented (e.g. displayed on a nmap) to aPgsasssAisodshe
Application Server. Normally, the GPS | ocation server cal cul ates but does
not present (e.g. by display) the positions at the GPS |ocation server. An
application server may send a request, for the positions of a particular
GPS receiver in one of the cells, to a GPS |ocation server which then
initiates a conversation with a particul arigwbile GPS receiver through the
nobil e swtching center in order to determ ne the route of positions of the
GPS receiver and report those

i.tions back to t.he partijcular lication.
In anot her enbodi RS fEtworRk d§5"f‘ﬁpgﬁsd‘éﬁ“8‘?‘}ﬁ°ﬁ§fsla8??r$‘ﬁ$ tOFSREP'S © ?g’t?é’f may be
initiated by a usérvewtiona rmbl |l e GPS receiver; for exanple, the user of the

mobi | e GPS recei ver marﬁ o@ﬁﬁﬁém@é'd%n&ﬁk &h& ﬁ&kﬁtlmﬁm &r@yéé?ﬂin“s@érﬁexﬁsrbf
energency situation at. the |ocat recei ver .and th| S may

Tt ate) ol ooat | R RS @Rt AR i B SRiersE g g may b8 o
shoul d be noted t halbcaion sdrveans xarordaa@ddwarthedlahdimldmseqinrcmmfwdatnbttmrlsyst emis

a communi cation SY&&r@i&s%hﬁ&ﬂQ%nﬂ%ﬁa&d%@w%@ Ty ﬁ:rﬁ)mafsB %s dﬁ@ﬁﬁ @bt Whi ch
serves a dlfferenta%ﬁog I.cal area V\% pred n stant in
tinme. Typically, ? BO¥Fd gosfnyously, r,eé?rgég QPerJﬁ‘Fsﬁ‘fPttt P ?%‘ﬁh@ér ves a
cell which has a geagt apieinedd infoadaitios ratier thas gli § Frames2Ggettiet may betkanbromgdh t he
area cover ed depegggs r%l&%lsms th%&haﬁmea%h Hﬁ%@\sﬁﬁwnﬂmrﬁmwnﬁumrous

types of cellular | cati on systens ul ar tel ephones, PCS
(personal communi é‘a‘["n‘ & apRyeatgthat S’I\ﬂ#"’(’%‘h@d‘i“%ﬂt Pgéﬁp‘i"rfﬂﬁ? 1P§°“P8'Ehﬂ%9)q°caﬁﬂ‘é way
and two-way pager say&tmetyreceRANMe eAfRBnSigatintimessagel vesch ip ausmitted filom ey St ens.

Typically, the pr%@ébﬁ@%&&ﬁ%@&%& 'or&Eﬁ?p%rtﬂﬁﬁaﬁx%ﬁu@difo?ﬂueBs%nﬂénﬁ@' I's and a

plurality of cells are rou? % %
related to satellite data me saoes, suc as the method described in co-pending U.S.

Patent Application Serial No. 08/794,649, which was filed February 3, 1997, by
Norman F. Krasner. As used herein, the term “satellite ephemeris data” includes
data which is only a portion of the satellite navigation message (e.g. 50 baud .
message) transmitted by a GPS satellite or at least a mathematical representation of

this satellite ephemeris data. For example, the term satellite ephemeris data refers
to a portion of the S0 baud data message encoded into the GPS signal transmitted
from a GPS satellite. It will be also understood that the GPS reference receiver 92
decodes 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.

‘When a method of the present invention is used to track a route over time
of a mobile unit which the cell based system of Figure 2, one location server may
track the movement of a particular mobile unit from one cell to several other cells.
Due to the interconnectivity of such a system, even receipt of signals from a
mobile unit which began in cell 102 may be tracked by the same location server
even after the mobile unit has moved to cell 104, Alternatively, onc location server
may transfer its route data indicating the positions and times which have been
determined for a particular mobile unit to another location server which takes over
tracking of the mobile unit as it moves from one cell site or cellular service center
to another cell site or cellular service center.



-14- cellular service area and these pluralities of cells are coupled to
one or nore cellular swtching centers which provide connections to

| and- based tel ephone systens and/ or networks. A service area is often used
for b||||ng 9?% ¥¥s. Hence, it may be the case that cel | SPEHUMI/0885 han one
service area are connected to one switching center. Alternatively, it is
sonetinmes the case that cells within one service area are connected to
different switching centers, especially in dense popul ation areas. In
general, a service area is defined as a collection of cells within close
geographical proximty to one another. Anot%fer class of cellular systens
that fits the above description is satellite based, where the cellul ar

basestations o cel| shkaeihe mdabel kgl Bsrkdiels tﬁeypqies&ﬁh&vxmgorﬁa{»c g earth.

In these systens, the ce sectors rge and
move as a functi ofessHbedi%id refEf%ﬁﬁS‘P &85 sptclligs it willbe é??écciat‘f’@l‘hﬁﬂé’clt?ﬁchmxﬁm
d obal star, Or bconmequailg afpliysttety positioning sykte@siwhicB utilze pseuddliteoanpl e of a GPS

| ocati on server 5%] {&ég” Wtehﬁcs‘ééﬁ%e%ﬁoﬁt&e P@%ﬁg{*@ém&&%égd GPS server

110 in Figure 2. processi ng
unit 51 whi ch naytresmittersvich brgadspss A PNroge fsipnilas &m@?%xg@psmmawm agPS
se(rjver 50 alhso lnglmmrmdﬁmeﬁérammémemmuﬂ@msmﬁcIE&EF]rmﬁ@ue‘i?Z and a
nodem or ot her er

Comunt cat i on i nt oY Sk Sk e PRAeRe o fecfl IR0 8 et
connectivity for taseivesx Eprafejsesore pssfub imuiuptings wherg SESEizaws frn@ ap eettinigon
server shown in Fegelle ndghté weenilablel arh di fuhisle Rined SuiMifigssor otdi élblogdde Shown

as networks 60, 6‘Zu‘ea r:ﬂe @e?rﬁ ..;I' l?e?htg'e%y\@sreghgﬁm ?ntéﬁ(A$ toti&%dgg)%uld& SX‘é't tchi ng

center or centers and/o em SW he cell
sites. An exanpl ecofivadntsof geeudplites, and tbmwm GPg§ smnglarae uged fipsine fsrntetfied GPS
server 109 represﬁi’hh&ludé‘@PSSEIEch@g’naﬁQroﬂf S&M&@oﬁeqmmﬁtsbﬁ%eﬁtﬁihwrk 60 nay be

considered to incl ude %aﬂl*#l) m% @41(31@ h}ggnv%%& ?assbe%r(?éescn tgﬁech t he

cell's 102, 103, and 104 onsi dere G t he
Applications Ser vé?@Ph@OlamﬂMmWﬁ§éq¢séi1@baéﬁ@ﬁloﬂ@ﬁ§P¢1}lt€d6i?§m>'éfﬁmsyst ens

wi th comuni cat i ol shei@efi@ae Sowsvas] tak mescrmahddasﬂeuémma@heiblmrsﬁmlaPSAP' "

(Public Safety An e r which
answers 911 ener ggér%%\lm# gTIPQL%%Stm d inrﬁ&ﬁah%%é E %g‘ﬁ c{q/\ﬁﬂg{]s%eﬁr g{sleg nts the
GPS reference net mqassm_terepn Idef ezs from GRS sisteAp ikthas thegpussiqas EIPWer s whi ch
are ‘GPS ref er ence diffeeemit M&ﬂﬁesd&&x@ﬁ&dmteﬂ fipfnonk aeother 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 specification, 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.



differential GPS correction information and also to provide GPS signal data
including the satellite epheneris data to the data processing unit. Wen
the server 50 serves a very |arge geographical area, a |local optional GPS
receiver, sud¥P Qs7s76 PCTAUS99/08085 - 15-
optional GPS receiver 56, may not be able to observe all GPS satellites
that are in view of nobile SPS receivers throughout this area. Accordingly,
the network 62 collects and provides satellite epheneris-data—and _

differential GPS correction data over a w de areainLﬂ _ ith the
present invention. As shown in Figuee 3, a ma ”WWWM 55 is
coupled to the data processing unit 51. Typically, thé nhss s W5 Wil |
i ncl ude storage fr—lﬁg@}@? and software for performng the GPS position

cal cul ations afte vi ng pseudoranges fromthe nobile GPS receivers,
such as a recei verWhaislamedsgure 2. These pseudoranges are normally

recei ved through the cell site and nobile switching center and the nodem or

other interface 53. Th s, Sstorage device 55.also inc es softwgre, at
| east in one enbodinen ,géﬁ?dcfﬁr?p§rag§%ﬁs Yt Rosiopine W&r’h@gg? W&clgﬁts\éﬁli te
epheneris data pr andtepdbomyprisinge GPS ref er ence network 32 through the nodem
or other interface 54. d&&gﬁﬂﬁgszgﬁﬁ{%ﬁn,g@oﬂﬁgﬁ@%gé afh iR iihd;! typically

i C

1Pl

i ncl ude a database or storage 55a .Sspecifies a queue of tine stanped
satellite ephemeris an °8‘?’?’“ﬂ%§%§f€? gg@??@b?f‘@ﬁ?%@%’é@@ﬁ“ﬂ@ﬂ“ﬁbove.

In a typi cal enbodi nent of afleesapgtfgstainte; i nvention, the optional GPS receiver

56 is not necessary ass&ﬁ@gﬁ%ﬁir&%ﬁ&ﬂﬁf‘ﬁﬁps&ﬁfo%&é& aﬁ&gto:‘?rfg shiddeERd2 (shown as
network 62 of Figure 3) provi (Ejﬂes %he éjlfferentlal GPS information and
plurality of pseudoranges;
transmitting after said second time said first plurality of pseudoranges and

said second plurality of pseudoranges.

2. A method as in claim 1 further comprising determining whether a
predetermined type of event has occurred and transmitting said first plurality of
pseudoranges and said second plurality of pseudoranges in response to
determining that said predetermined type event has occurred.

3. A method as in claim 2 wherein said predetermined type of event is one of
(a) a sensor detects a condition, or (b) a memory limit is reached; or (c) a
predetermined number of pluralities of pseudoranges has been stored; (d) a
predetermined period of time has lapsed since a last set of pseudoranges was
transmitted; or (¢) a command from an external source over a communication link.

4. A method as in claim 1 further comprising:
receiving in said SPS receiver first SPS signals from which said first
_plurality of pseudoranges is determined;

determining a first receipt time when said first SPS signals were received at
said SPS receiver;

receiving in said SPS receiver second SPS signals from which said second
plurality of pseudoranges is determined;

determining a second receipt time when said second SPS signals were
received at said SPS receiver;

transmitting said first receipt time and said second receipt time.



corresponding time stanps as well as providing the raw satellite data
nmessages fromthe satellites in view of the various reference receivers in
the GPS refer‘gg&g7 twork. It will be appreciated that the satellite
epheneris data obvained fromthe network through the nodem BFVEEHIEpoes
interface 54 may be used in a conventional manner with the pseudoranges
obtained fromthe nobile GPS receiver in order to conpute the position
information for the nobile GPS receiver. The interfaces 52,. .53, —and-54—my
each be a nodem or other suitable comrunication interf ' t he
data processing unit to other conputer syst2hs in the ZﬂﬁwamﬂW@ﬂBM4
and to cellular based comuni cation systens in the case:OT¢ woir K's60+and
to transmitting devices, such as conputer systens in the network 62. In one
enbodiment, it will be appreciated that the network 62 includes a di spersed
col l ection of GPS ?ef erdfichof at@iclpin 4 eheyEgngyer a geogr aphi cal region.
I n sone enbodi nent eteriniingliwhetier e pfeiabmimditgetof even(iaS otaafred arittiaddinittiapt ai ned
froma receiver negr,t . ' s ' ' '

comuni cating wt h&é%fé@ﬁ%ﬁ%ﬂé 0&%@%@%&% Tarsaugfﬁiﬂtu&gq@g?’?ﬁ%a?%ggdd
communi cati on syst &ﬁ‘ﬂﬁ’iﬁﬁ Iegeipt time and said second receipt time in response to determining that

-16- provide diff siepedadrmESnpe s eehi mnotoafred.mat i on which is appropriate
for the approxi mate | ocation of the nobile GPS receiver. Figure 4
shows a generalized conmbi ned system which_ includes a GPS receiver and a
communi cati on syst 8m t rAmseep giin clam SyphereinsaidredetermipedypaR SVt i on system

transcei ver is a Cedhptsad a fredepiinee peribdef Gine viith Bas lagsed sinke Iast §I06F 1 ecei ver
76 having a GPS anteng&agazs @qura%sﬁggguni cation transceiver 78

pseu

7. A method as in claim 6 wherein said predetermined period of time can be
varied.

8. A method as in claim 7 wherein varying said predetermined period of time

causes an interval of time between said first plurality of pseudoranges and said
second plurality of pseudoranges to be varied.

9. A method as in claim 4 wherein said first plurality of pseudoranges and
said second plurality of pseudoranges are part of a series pluralities of
pseudoranges which are determined and stored sequentially over time and then
transmitted as a collection of data.

10. A Satellite Positioning System (SPS) receiver comprising:

a SPS RF (radio frequency) receiver which receives SPS signals;

a processor coupled to said SPS RF receiver, said processor determining a
plurality of pseudoranges from said SPS signals, wherein said
processor determines a first plurality of pseudoranges from SPS
signals received at a first time and determines a second plurality of
pseudoranges from SPS signals received at a second time which is
after said first time;

a memory coupled to said processor, said memory storing said first
plurality of pseudoranges and said second plurality of
pseudoranges;



havi ng a comuni cation antenna 79. The GPS receiver 76 is coupled to the
communi cation transceiver 78 through the connection 80 shown in Figure 4.
The nenory 81 stores a queue of determ ned pseudoranges and correspondi ng
time stanps a¥QRIses’sbed above. This nmenory 81 is coupl ed tectisssioriss
receiver 76 and nmay al so be coupled to the comunication transceiver (e.g.
the menory is dual ported). In one node of operation, the comrnication
system transcei ver 78 receives approxinate Doppler i umﬁﬂ’ h the
antenna 79 and provides this approxi mate Doppl er i nf In r}ﬂlgﬂ i nk
80 to the GPS receiver 76 which perforns thglzpseudor ange ‘det er n by
receiving the GPS signhals fromthe GPS satelTites through the GPS antenna
77. The determ ned pseudoranges are then transmtted to a GPS | ocation
server through the conmatrapsmitenroupierdt tonaid mameryesaiddranggitter Tiapsraitting yaid he
communi cation system t ransceiﬁyseF]uFaﬁty&g@gggd@aﬁglengsmaIgécghtg@mtaﬁ § ot enna 79
to a cell site which then transters &%&ﬁiﬁor tion back to the GPS

| ocation server. Exanples of PFRPITBIRES PRCI Br t he system 75 are
known in the art. For exanple, U S. Patent 5, 663,734 describes an exanple

of a conbined GPS regei VEKPS L6 I MRIGAH e/ae@as@&lmmu&htr%hﬁ&mx@@
i nproved GPS recei

v st.em  Anot her
communi cation syst eﬁf‘%ﬁé’ o BEHIREET S ‘yils?foﬁ‘gplﬁréwéﬁoﬁ@se rli=~f:°al‘f‘ r"(fﬂ“@%?"i al
No. 08/652, 833, whizpredegminet gue Mayer®3, 1996. Most conventional GPS
receivers can be nodified to work as the receiver 76 in Figure 4, although

ocel vers, Such ae 0% (SRt Rl SN o 0% BT E R 0V O
al ternative conmuni B8 signmalsdromt whish $pad/finstpl 8RBy pEpseidpeangess deternined emd daid t i ne
3 Ea?:anr)mt Egdt : Im:; O;r E%uﬁ?é’ebxpér réﬁexv@sﬁc&idgﬂﬁ’@'sﬁnm REM WHihRaiB SQAPHIAG Sofar e
estimated from 'Ito he @%g"é%{’ﬁ%ﬂ 1§ gﬁ‘%‘é‘)“&?‘l%@éﬂ?g ﬁg"sf ?EBW'@BW&‘?’F# @ﬁfsg ns (in
a preferred enbodi nggra)s wape tecaieedss dergpominbdartdistoeedah saidmenngry aadateh@drmbl |l e

unit of SPS signal Srecejpt time when said second SPS signals were received is determined and stored

in said memory and wherein said transmitter transmits said first receipt time and
said second receipt time,

13. A SPS receiver as in claim 12 wherein said first receipt time and said
second receipt time are determined from SPS signals.

14. A SPS receiver as in claim 12 wherein said first receipt time and said
second receipt time are determined from time signals received in a cell based
communication signal which is received by a communication receiver which is
coupled to said processor.

15. A method of determining position from satellite positioning system (SPS)
information, said method comprising:
receiving a first plurality of psendoranges which were determined from
first SPS signals received at a first time;
receiving a second plurality of pseudoranges which were determined from
second SPS signals received at a second time which is after said
first time;
determining a first position from said first plurality of pseudoranges and
determining a second position from said second plurality of



-17- Figure 5 shows one enbodi nent for a GPS reference station. It
w Il be appreciated that each reference station nay be constructed in this
way and coupl ed to the comuni cation network or nedium Typically, each GPS
reference st¥PPYW57such as GPS reference station 90 of Fi gREBUSa9/08ask |
include a dual frequency GPS reference receiver 92 which is coupled to a
GPS antenna 91 which receives GPS signals from GPS satell-irtes in view gf
the antenna 91. GPS reference receivers are well known jigmg mum““‘\‘r“]\‘ﬁ@s
reference receiver 92, according to one enbodi nent of t“mm i

i nvention, provides at |east two types of -#hformation as ot pbt s"fromthe
recei ver 92. Pseudorange outputs 93 are provided to a processor and network
interface 95, and these ps?g@,@ ) - ' i ch the SPS
signals, fromwhich the refer eséggg's\g&gdg?gﬁdg@ﬂ%’?ﬁ&g’f’%‘rﬁ%ﬂ%ﬂ%@n\%ﬁ@
received) are used to corrplﬁ'fC«?“%BB[?gﬁ'r"gﬁﬁ%‘dﬂg??éWéﬁ’rtr?cﬁ1ve‘3:@rqn§m5§1f\§iqnn t he
conventional manner for the8es ssidisedohdtime. i n vi ew of the GPS antenna 91. The
processor and network interface 95 may be a conventional digital conputer
system whi ch has | te%aceﬁ% for fec?gv'&?%gi data froma GPS reference
receiver as is wel? kroRFHOf a4 AL {5 Wheftinspid CRsEBSMigsoRpachrsefigriacal | y

i ncl ude software preditgmadd type pf oemss t he pseudorange data to determ ne the
appropri ate pseudorange correction for each satellite in view of the GPS
antenna 91. These_ pseudorange correcfijons (and_ their corresponding tine
stanps) are then 1 ~ansfgwﬁe@a%laf%%ﬁ§@ﬁeﬂﬁe¥wwi nterface to the

communi cati on net wor k soringedira piu@fityt af pedridodangt dosrecticRTor £E@Fepning ik i ons
are al so coupled. The GPS SEE j .Or Vi satellite
epheneri s data output 94. "I:'ﬁr{r?fdat ae‘f"{?csgdf‘\égﬁéezﬁn‘f%ﬁ@%‘gf’gffg&g‘g"?%‘%ﬁ and
network interface 95 whi chSPTFRSHONS I ASIPERORGiRgseerad £oBRetien EME conmuni cat i on
network 96, which is idechuilg said fitshposfHes alse fremaaiddirn pluntitkofiptdudefangd gure 2.
The satellite epheneris da £ OV i t part of
the entire raw 50 baud nav%é%ﬁ%’ﬁi&? ﬁ;;?rgﬁrgg% %ﬁzsﬁ%&ggggﬁﬁuﬁy atlﬁeﬁogrgﬁéal GPS
signal s received fromeach® \Yiof peeudorpnge cameclPnS; t e epheneris data is
part of the navigation nessage which is broadcast as the 50 bit per second
data streamin the GPS signals fromthe GPS satellites and is described in
great detail in the GPS | CD-200 docunent. The processor and network
interface 95 receives this satellite




epheneris data output 94 and transmts it in real tinme or near real tinme to

t he communi cation network 96. As will be described below, this satellite
epheneri s data; k%gsis transmitted into the comunication network is |ater

received throug PCT/US99/08085 18-
the network at various GPS | ocation servers according to aspects of the
present invention. In certain enbodi nents of the present invention
only certain segnents of the navigation nesgage, such as the satellite
epheneris data nessage nay be sent to | ocation servers in order to | ower
t he bandwi dth requirenents for the network interfaces and for the

communi cation network. Typically, also, this data may not need to be
provi ded continuously. For exanple, only the first three franes which
contain epheneris information rather than all, 5 frames together may be
transmtted on a regular basis into the co ni cati on network 96 in real
time or near real tine. It will be apprecidted that in one enbodi nent of
the present invention, the |ocation serv may receive the entire

navi gati on nmessage which is transmtted fAromone or nore GPS reference
receivers in order to performa nethod/for neasuri } ted to
satellite data nessages, such as the i bed in co-pending U S.
Pat ent Application Serial No. 08/ 794 /4 mhicfgﬁbs filed February 3, 1997,
by Norman F. Krasner. As used herei term|"satpt112 e epheneris data"
includes data which is only a portjon of Udye sareftite navigation nessage
(e.g. 50 baud nessage) transmtted by a G°PS satellite or at |east a

mat hemati cal representation of tH\saf2llite epheneris data. For exanple,
the termsatellite epheneri $1 refers
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to a portion of the 50 baud data nmessage encoded into the GPS signal
transmtted froma GPS satellite. It will be also understood that the GPS
reference reqphyfsg2 decodes the different GPS signals fromthe different
GPS satellites in view of the reference receiver 92 in or deFCHESPPWIS de t he
bi nary data out put 94 which contains the satellite epheneris data.

When a nethod of the present invention is used to track a route over tine
of a nobile unit which the cell based syst of Figure 2, one |ocation
server may track the novenent of a particular nobile unit fromone cell to
several other cells. Due to the interconnectivity of such a system even
recei pt of signals froma nobile unit which began in cell 102 may be
tracked by the sane |ocation server even after the nobile unit has noved to
cell 104. Alternatively, one |location server may transfer its route data

i ndicating the positions and tinmes which have been determ ned for a _
particular nobile unit T3 t racki ng
of the mobile unit as ice
center to another cell|site or cellular ser
-19- Al t hough {he net heds—ane ’ = esent invention
have been described w {h refelepggeiyes §i§ﬁéﬁ§§ dbétefnindd W ! Dbe

appreciated that the teachings g pos] 44 onijng
systens which utilize pseudol tegﬁg ay %?ﬁ 5;5% gﬁa@gtv

| lites and
pseudolites. Pseudolitgs are i ase ransmtters whifch broa%cast a PN
code (simlar to a GPS|signal) nodul ated onfan L-band carrier signal
general ly synchroni zedjwith GPS tine. Each {ransmtter
Time Stamp the Plurality of Pseudoranges

and Store the Time Stamp andthe  |— 33
Plurality of Pseudoranges

35

Has a Predetermined Type
of Event Occurred?

Transmit Stored Pseudoranges and
Corresponding Time Stamps to Location {~— 37
Server and Clear Memory

L
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may be assigned a unique PN code so as to permt identification by a renote
receiver. Pseudolites are useful in situations where GPS signhals from an
orbiting satellite m ght be unavail able, such as tunnels, mnes, buildings
or other encMR3¥F&beas. The term"satellite", as used her @Cmustswsisst ended
to include pseudolite or equivalents of pseudolites, and the term GPS
signals, as used herein, is intended to include GPS-like signals from
pseudol ites or equival ents of pseudolites. In the preceding

di scussion the invention has been descri bé3<47vm th reference to application
upon the United States d obal Positioning Satellite (GPS) system It should
evi dent, however, that these nethods are equally applicable to simlar
satellite positioning systens, and in, particular, the Russian d onass
system The d onass systemprimarily differs from GPS systemin that the
em ssions fromdifferent satellites are di fferenti ated from one anot her by
utilizing slightly different 5 rrler f th n utilizing

di fferent pseudorandom codé¢s. %r"l'rpﬁ aI I y aI | the

circuitry and al gorithms dés %lfg Wit fy t he
exception that when processing & ﬁlﬁ/@ aﬁtgﬁ ?rbn a [ai ffer ent
exponential nultiplier cor espondl ngCQrE?SPW'ﬂﬂlﬁ‘kf@%nt carri ¢r frequencies
is used to preprocess the deter S o reec—trererr— ncl udes such
alternative satellite positioning systems, jncluding the Russian d onass
system In the forggolhRg—spec aYa he—-Rert-—-on has been

described with reference t¢ m%@m@mh@m{amm@évmg@s fhereof. It
will, however, be evident trb@ps%@waﬁ% SonkiR q.rm%rgiarﬁﬂ;l nges4d(;ray be
' © for EAe §ét f

made thereto wi thout depar{ging sp r|t and gcope t he
invention as set forth in the _appended C ati on and
drawi ngs are, accordingly, to be regarded iph an |IIustrat|ve rat her than a

restrictive sense.

Select Appropriate DGPS Correction (Based On
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-20- CLAIMS What is clained is: 1. A nethod for operating a satellite
positioning system (SPS) receiver, said nethod conpri sing:

determning a_first plurality of pseudoranges at a first ting;

det er ni ni ng a“&ﬁ%%ﬁﬂpplurality of pseudoranges at a second PFRUSIHIBEA s
after said first tine; storing said first plurality of pseudoranges
and storing said second plurality of pseudoranges;
transmtting after said second tine said fir Z plurality of pseudoranges
and said second plurality of4€ eudor anges. 2. A et hod
as in claim1l further conprising determ ning whether a predeterm ned type
of event has occurred and transmitting said first plQtrality of pseudoranges
and said second plurality of pseudoranges in resﬁGﬁse to determ ning that
sai d predeterm ned t%gp event has occurred. 3. A nethod as in claim?2

wherei n said predeterimined type of evknt is one of [(a) a sensor detécts a

condition; or (b) a renory limt is rbﬁgged; or (c)l a predetermninedln er
of pluralities of psdudo es{1pas bek tored; (d)l a et qpgp ned| pgri od
of time has | apsed sijncela | agt/ set or/ﬁseudorangeﬁ wag tra tted{-or (e)
a command from an extler na rce ovef a comuni cat|i on Heppded 4. A
method as in claim1jfurther co§prising: redeiving in id SPS
rfceivea first SPS annalq from f?e@lzaid first } . _ggsmyali&%
of pseudoranges is dgtern ' jdetermning g firg 1 tijme when
said first SPS signaljs \A/ergag%%scg ved pt [ S%?l{jﬁ%‘d receiver;
receiving in said SPS recel ker secondj SPS signals firom whi said sgcond
plurality of pseudoranyes—i$ determimed,; - T =T
102¢ 103¢c {- ———————— 1
T 1 104b | 104
I 105 } | —
Mobile 107 v |
—»| Switching | - I 104a |
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determ ning a second receipt tinme when said second SPS signals were

received at said SPS receiver;

and said second receipt tine.

-2 1- 5. WORSHEShod as in cl
whet her a predeterm ned type of
first plurality of pseudoranges
and said first receipt tine and
determ ning that said predeterm

transmtting said first receipt tine

aim4 further conprising: HET/U$NNIBHQ
event has occurred and transmtting said
and said second plurality of pseudoranges
sai d se00297receipt time in response to
ned type

event has occurr ed. 6. A

method as in claim5 wherein said predeterm ned type of event conprises a
predeterm ned period of tinme which has | apsed since a | ast set of

pseudoranges was transmtted. 7.

predeterm ned period of tinme can be varied.

Tolfrom Cellular
Switching Centers
or Land-based

or Cell Site(s)

Phone System Switch(es)

A method as in claim®6 wherein said
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(e.g., Network of
GPS Receivers Providing
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8. A nethod as in claim7 wherein varying said predeterm ned period of
time causes an interval of tine between said first plurality of

pseudor anges _.and sai d second plurality of pseudoranges to be vari ed. 9.
A method as P &%t 4 wherein said first plurality of pseld3fUsAYBesang
said second plurality of pseudoranges are part of a series pluralities of
pseudor anges which are determ ned and stored sequentially over tinme and
then transmtted as a collection of data. 6§p. A Satellite Positioning
System (SPS) receiver conpri sing: a SPS RF (radi o frequency)

recei ver which receives SPS signals; a processor coupled to said
SPS RF receiver, said processor determning a plurality of
pseudoranges from said SPS signals, wherein said processor

determnes a first plurality of pseudoranges from SPS
signals received at a first tinme and determ nes a second plurality of
pseudoranges from SPS signhals received at a second tinme which is

after said first tine; a nmenory coupled to said processor, said
menory storing said fst pl urali cﬁ7§seudoranges and
said second plurality 77 pseudoraﬁ%@%ﬁ

-22-
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a transmtter coupled to said nenory, said transmtter transmtting said
first plurality of pseudoranges and said second plurality of

pseudoranges after said second tine. 11. A SPS receiver as in claim 10
wherein sai dYPPYHSH tter transmits said first plurality ofPqraisedesosnges and
said second plurality of pseudoranges in response to a predeterm ned type
of event. 12. A SPS receiver as in claim1l wherein said SPS RF
receiver receives first SPS signals fromuyhjch said first plurality of
pseudoranges is determ ned and said SPS RF'recei ver receives second SPS
signals fromwhich said second plurality of pseudoranges is determ ned and
wherein a first receipt tinme when said first SPS signals were received is
determ ned and stored in said nmenory and a second receipt tine when said
second SPS signals were received is determ ned and stored in said nmenory
and wherein said transmtter transmts said first receipt tinme and said

second receipt tine. 13. A SPS receiver as in claim12 wherein said
first receipt time and said second receipt tine are determ ned from SPS
si gnal s. 14. A SPS receiver as in claim12 wherein said first receipt

time and said second receipt tinme are determned fromtine signals received
in a cell based comuni cation signal which is received by,a comruni cation
receiver which is cgu Ieg to said processor. 15. A#ﬁégﬂod of determ ning
position fromsatell Bsitioning system (SPS) information, said nmethod

conpri si ng: eceiving a first plurality of pseudoranges which were
determ ned from first SPS signals received at first tine;
receiving a second pliurality o(’%geudorsgges whi ch were deyé9 ined from
second SPS si gnal sfTeterved—atr—a sgcondvti mne wiirch—Ts—after—sand
first tine; ( > Processor and

Reference Network

Receiver y > Interface

94
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To
Communication
Network
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el elviele DY (e Rl O]

determ m"hg a first position fromsaid first plural |§:’§€§ofcﬁgeudoranges and
determ ning a second position fromsaid second plurality of

- 23- pseudor anges, wherein said fi rst plura/fe
pseudor anges alfﬁi WORLD INTELLECTURL RO psgw My TlONy of psK YR
received in on nsm ssi on Tnemational Buremal T €1 Sai d SeCONEE 16.
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(54) Title: METHOD AND APPARATUS FOR OPERATING A SATELLITE POSITIONING SYSTEM RECEIVER
(57) Abstract

A method and an apparatus for operating a satellite po-
sitioning system (SPS) receiver in a client/server architecture,
In one example of a method, a first plurality of pseudoranges
is determined at a first time and a second plurality of pseudo-
ranges is determined at a second time which is after the first
time. The first and the second pluralities of pseudoranges are
stored. After the second time, the first and the second plu-
ralities of pseudoranges are transmitted to a location server,
normally in one transmission. The locaticn server then deter-
mines a first position from the first plurality of pseudoranges
and a second position from the second plurality of pseudor-
anges. In one particular example, the first and second psendo-
ranges are transmitted in response to a predetermined type of
event, and the location server stores a collection of differential
GPS data which has been collected over time.
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