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(54) Title: SATELLITE POSITIONING SYSTEM AUGMENTATION WITH WIRELESS COMMUNICATION SIGNALS

(57) Abstract

A method and apparatus for processing position information
from satellite positioning system satellitss and from cellular based

communication signals. In one example of a method according to -~ -

the invention, a SPS receiver receives SPS signals from at least one
SPS satellite. This SPS receiver is coupled to and typically inte-
grated with a communication system which receives and transmits
messages in a cell based communication system. In this method, a
message is transmitted in the cell based communication signals be-
tween a communication system and a first cell based transceiver. A
time measurement which represents a time of trave] of a message in
the cell based communication signals between the cell based trans-
ceiver and the communication system is determined. Another time
measurement which represents a time of travel of the SPS signals is
also determined. A position of the SPS receiver is determined from
a combination of at least the time measurement which represents
the time of travel of a message in the cell based communication
signals and from a time measurement which represents a time of
travel of the SPS signals. The cell based communication signals
are capable of communicating data messages in a two-way direc-
tion in one embodiment between the cell based transceiver and the
communication system.
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GPS Satefte Ephemeris and Position of First Wireless
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23, and 24. These transceivers transmt and receive wreless cell based
comuni cation signals to and fromthe wireless nobile cell based

comuni cation systens, such as the wireless cell based nobil e comuni cation
systens 26,27, and 28 shown in Figure 1. As is well known in the art, there
are nunerous cell communi cati on systens, such as the Alyﬁ_? and
the CDVA system avga\%zsﬁ 2as the TDVA, GSM PCS, and the ISM s /U%ﬁ% ach

t hese systens share the basic cell based conmuni cation wirel ess approach
that consists of base -2- sites (also referred to as cell sites)
transmtting signals and deployed in the cellular topol ogy where each cell
is defined by the coverage zone of signals tle and fromits cell site
(wireless cell based transceiver) and with sonme cells possibly overl apping

other cells. The oves_@g%grarpbsm@kmythGMAmﬁ i Bsgposi ti on
operation to be performed at Ieastdorh]/]]&11 ﬂ(?A‘ﬁf)h ERS or exanple, the
position of ‘the wireless cell based™mmonD TOM roarton system 27 shown in

Figure 1 may be determ ned by determ ni ng the tlne of travel of
conmruni cat i on si gnal gpats ' BENTION22 and the nobile system 27 and

simlarly the time of tray Hl&ap% DWAS signal s
bet ween the nobil e system %rg%ﬁﬁkﬁ%ﬁg%#ber gg ertalarlllg%ssu tions
(such as appr oxi mat Fompineq WfLYIrelGs: COmIRpCan g sysipms Avd 3&”6‘?‘“%‘? ¥“9‘8I‘°°?%€A)

techni que is used, tteehnigussiti on of a nobile cell based system may be
determined with as few awielss confodhiefidns e fapillla s thedting B&HEHHUERA BlcpiRndIg | N

three radi o comuni CAFA %W“‘éﬁ%ﬁgﬂ%%fmﬂr%@%viiﬂg o | “Dased
transcei vers are redomeweesisersa i areadorgof hllbased prgsl ‘H?’l‘?é‘ﬁ%?%‘ﬁ"%é‘i% on

sol ution. There are systems. Gleseaystems|agscapabletoffi beiyg usatin aaty difiérert ligos. ilbe t he
use of the cellul ar Qufhlichd @&mnmmc%@g/éﬂ@gﬁwl@s@ggm%&per ations
for mobile cellular ba ec(:je for a number of years and has evolved and been upgraded over time.
Currently, for most wired telephone systems, an enhanced 911 service is
available. In this service, the emergency center receiving the call automatically
from the telephone system learns the phone number, location and identity of the
calling party without having been lﬁrdvided this information by the calling party.

In the case of a cell telephone, such enhanced 911 service is normally not possible.
At the current time, an emergency center which receives a call dialed from a
cellular telephone has no idea where the party is calling from. One proposed
solution to provide an enhanced 911 service for cell telephones is to use the
overlay of the cells in a cell based communication system. This overlay arises
from the fact that the effective radio communication distances from one cell site to
the next overlap to some extent. This is shown in Figure 1. The cell based
communication system 10 includes four cells 12, 14, 16, and 18 which overlap to
the extent shown in Figure 1. Each of these cells has been drawn around its '
respective wireless cell based transceiver which are shown as transceivers 21, 22,
23, and 24. These transceivers transmit and receive wireless cell based
communication signals to and from the wireless mobile cell based communication
systems, such as the wireless cell based mobile communication systems 26, 27,
and 28 shown in Figure 1. As is well known in the art, there are numerous cell
based communication systems, such as the AMPS system and the CDMA system
as well as the TDMA, GSM, PCS, and the ISM systems. Each of these systems
share the basic cell based communication wireless approach that consists of base




comuni cati on systens. One approach is referred to as a tine of arrival
(TOA) technique and another approach is referred to as a tinme difference of
arrival (TDOA) technique. While the infrastructure nay to sone extent

al ready exist for the use of the cellular overlay to provide radio
position, it turns out that the overlay is typically too small anong cells
I n order to provivR?9&dBYuat e coverage over the various possi BEHUSHA98Y ons
of a nobile unit. This can be seen in Figure 1 where the nobile unit 28 may
only receive and transmt signals with one wireless cell based transceiver,
the transceiver 22, and not receive signals from (or be able to transmt
signals to) the other transceivers or cell sites. In this situation, the
position of the wireless unit 28 can be defined no better than a circle
surrounding the cell site 22 and this in fact may not_ be possible due to
errors in the syst erfitesfaisergiermeddo psll sifggsrapsmpiting Bengls ad deplaediin thecellglayr at el y
enough at the transnpodidgnehereeach elids defing by isicovesage Aome bfiwignala pend froin its 0
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whi ch include a GPS $eBéitsi%sapd %‘a‘?"a‘eﬂsfe& 73§§ %’\é%ﬁlmeéatei%&a"g&i’&”éfﬁ%“t he GPS
receiver i s a convendell bsmed copuunieition signalsbeinden themobile systein 7landthe en has
difficulty collecti ngn{RPer2BINatriain kRbEHS (Gh SRspréxithAd Allith@®S artk tabledn@r M ne a
position of the GPS arneaﬁgkie Xfeay-dvalgiéAS ﬁgﬂq\ﬂg fsSsed, the position of a mobile cell based

system may be determined with as few as two wireless cell based transceivers

being in radio communication with the mobile unit. Typically, however, at least

three radio communication links with three different wireless cell based

transceivers are required in order to obtain a two-dimension position solution.

There are numerous examples in the prior art which describe the use of the cellular

overlay as a way to provide radio position operations for mobile cellular based

communication systems. One approach is referred to as a time of arrival (TOA)

technique and another approach is referred to as a time difference of arrival

(TDOA) technique. '

While the infrastructure may to some extent already exist for the use of the

cellular overlay to provide radio position, it turns out that the overlay is typically

too small among cells in order to provide adequate coverage over the various

possible positions of a mobile unit. This can be seen in Figure 1 where the

mobile unit 28 may only receive and transmit signals with one wireless cell based

transceiver, the transceiver 22, and not receive signals from (or be able to transmit

signals to) the other transceivers or cell sites. In this situation, the position of the

wireless unit 28 can be defined no better than a circle surrounding the cell site 22

and this in fact may not be possible due to errors in the system and due to the

inability to determine time accurately enough at the transmitting and receiving

systems.

Another approach to determining the position of a mobile communication
system is to incorporate a satellite positioning system (SPS) such as the Global
Positioning System (GPS) into the same enclosure or coupled tightly with the




typically do not performwell in environnments where there is bl ockage of
the GPS signals fromthe GPS satellites. This bl ockage may be only a tree
over head, and yet the GPS receiver may not be able to acquire and track GPS
satellites in such an environnent. Consequently, there are many situations
where an integrakygdydsae recei ver and conmmuni cati on system w gdrusssiorése abl e
to provide a position which could then be transmtted through the
comuni cation system back to a 911 operator at a public safety answering
poi nt (PSAP). Another approach in the prior art which attenpts to provide a
position for a wireless comunication systepis described in U S. Patent
5,604, 765. This patent discloses a techni qué of enbeddi ng a CDMA navi gati on
signal into the existing wreless conmunication systemin order to provide
navi gati onal capabi tdmmunicatien sxgesi.| RNumpgseus réferencgphae desctibgl this gprireach inand al so
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a mobi I'e syst em canP{Aprmes & Kigtnsr- ¢ In mapy-wch integpted systemsiydickdnainde e 688 on
system That is, thecedvnandd wisldsocomsyumication sysiteam the [GPS eeckigerlid mhagiional  t he
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to provide a position, thlséechnl ue, of Hga - |1 sd% into
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i nfrastructure of acs® thedRIthnttdmbusigh tHelcommayicatieiBystem back to a 911

operator at a public safety answering point (PSAP).

Another approach in the prior art which attempts to provide a position for a
wireless communication system is described in U.S. Patent 5,604,765. This
patent discloses a technique of embedding a CDMA navigation signal into the
existing wireless communication system in order to provide navigational
capability. The mobile unit includes a GPS receiver and also includes a
communication system which can receive GPS-like navigation signals which have
been embedded into communication broadcasts from cellular and/or other wireless
basestation transmitters. In this technique, a mobile system can utilize both the
GPS system and the communication system. That is, the communication system,
when there is blockage of the GPS satellites, may use the embedded GPS-like
signals in the cellular communication signal to augment or replace the GPS signals
from the GPS satellites in order to provide a position. While this technique
described in U.S. Patent 5, 604,765 provides an advantage over a cell phone
which uses merely the cellular overlay to perform radio positioning and also
provides an advantage over a mobile unit which merely uses the GPS system to
provide a position, this technique of embedding a GPS-like signal into the wireless
cellular signals requires modifications to the existing broadcast signals and thus
would require considerable modification of the infrastructure of a cell based
communication system.



-4- U S. Patent No. 5,327,144 describes another positioning system which
uses cellular transm ssions of a cellular tel ephone to determ ne the tine
difference of arrival (TDOA) of the transmtted signals; these tine
differences are obtained by using a GPS receiver to tinme stanp the cellular
transm ssions in order to neasure the tinme differences between cellul ar
transm ssi ons bewmoem2he cel | ul ar tel ephone and several celHCT&{S§943989
However, the GPS receiver is not used to detern ne pseudoranges between a
GPS receiver in the cellular tel ephone and GPS satellites. U S. Patent No.
5,512,908 al so describes a TDOA system whi ch uses cellular transm ssions to
measure the cell phone's location fromthe 4ine differences of arrival of
the cellular transm ssions; again, GPS signals are used in the cell sites

- to time stanp the signal er. sure th me difference in signal
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in the cellular phone and GPS satellites. U.S. Patent No. 5,612,703 describes a

positioning system in a cellular communications system based on round trip signal

time measurements. U.S. Patent No. 5,724,660 describes a method for

determining a position of a cellular telephone by measuring the signal strength of

cellular transmissions between the telephone and cell sites; this position is then

compared to a position determined from a GPS receiver which separately attempts

to determine a position. Thus, this patent determines a position by comparing a

position derived from signal strength measurements to a position derived from

GPS measurements.

Thus it is desirable to provide a system which is capable of position

determination in a variety of wireless environments and which may use both the

global satellite navigation system, such as the GPS system, and a wireless system

deployed in a cellular configuration.

SUMMARY OF THE INVENTION

The present invention provides for methods and apparatuses for processing
position information with a satellite positioning system (SPS) receiver and by
using time measurements of messages in a cell based communication signal, In
one example of a method of the invention, a SPS receiver receives SPS signals
from at least one SPS satellite. Cell-based communication signals are transmitted
between a communication system which is coupled to the SPS receiver and a first
cell based transceiver which is remotely positioned relative to the SPS receiver.



The present invention provides for nethods and apparatuses for processing
position information with a satellite positioning system (SPS) receiver and
by using tinme neasurenents of nmessages in a cell based communi cation
signal. In one exanple of a nmethod of the invention, a SPS receiver

recei ves SPS signal s f;on1at | east one SPS satellite. Cell - bagadoenrose
conmuni cati on si ﬂﬁ'@”&re transmtted between a comruni cati on system which
is coupled to the SPS receiver and a first cell based transceiver which is
renmotely positioned relative to the SPS receiver. -5- These cell based
conmmuni cation signals are wreless comunications. A first tinme neasurenent
is deternmined, and this time neasurement represents a time of travel of a
nmessage in the cell based communication signals between the first cel

based transceiver aﬂiisé&éﬁb&s@dﬁﬂﬂﬂﬁlﬁ&hﬁdﬂmgﬁalﬁreﬂkele‘és&ﬂﬁﬂmﬁaﬁdnﬂmﬂﬁﬁt&hl:r enment,
uhich may be 1 ef er rod .l onds ise@ifh 0 kit kbl 4 find
t rave Sl gnal

determ ned, and it IPep resen romthe

SPS satel lite to thefagessageiadiesel based comaupicatin signalshenyeep heAntcelipsedi ¢ he SPS
recei ver from at | emmbceiviacanfl the sominpnieationesysteme Aserondtingt rhdasurenpob wilich i me
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system In one partmﬁuinaasuremeumahe:ﬁecoadﬁnehﬁdumﬁemhﬂupraﬁysemirdumc/ent|on
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used together to provg{71 posi.tion Jlglnte rated unit. If, in

one exanpl e, one ’E%?eftl"?’?da?ci’lﬁ \7"5‘?’&’/"5‘??8”‘ U PSS AR T Y Has ed
transceivers (cel| directian)in pnecembpdimentibeswess tha fist edlitbassd onseeiveptdie in radi o
conmuni cati on) W t heginpitidiatich swétérh.,

In one particular example of a method of the present invention,

pseudoranges to SPS satellites and cellular pseudoranges to cell sites are used
together to provide a position for the mobile integrated unit. If, in one example,
one GPS satellite is in view and two wireless cell based transceivers (cell sites) are
in radio communication (or can be in radio communication) with a mobile unit,
then effectively three pseudoranges may be used to determine the position of the
mobile unit. The augmentation of the satellite positioning system with the wireless
communication system is performed without embedding navigation signals which
specify the position of the transmitter or are GPS-like signals into the cellular
based communication signals. Thus, for example, the messages which are
transmitted between the mobile unit and the cell site may be voice or data messages
and these messages may be used to perform the time measurement for determining
the cellular pseudoranges. These messages may be the 911 message or
pseudorange messages describing pseudoranges to the SPS satellites or may be
Doppler or other aiding information (e.g. satellite ephemeris information) being
provided to a mobile unit.

In another example of the invention, an integrated system includes a SPS
receiver and a communication system such as a cellular based cornmunication
transceiver. The SPS receiver is capable of receiving SPS and providing data
(e.g. pseudoranges) for determining a first time measurement which represents a
time of travel of SPS signals from a SPS satellite to said SPS receiver. The
communication system, which is coupled to the SPS receiver, is capable of



then effectively three pseudoranges nmay be used to determ ne the position
of the nobile unit The augnentation of the satellite positioning system
with the wirel ess comruni cati on systemis perforned w thout enbeddi ng

navi gation signals which specify the position of the transmtter or are
GPS-like signals into the cellular based comuni cation signals. Thus, for
exanpl e, the meswagwsahi ch are transnitted between the mobiRCEUSINOT®Snd t he
cell site may be voice or data nmessages and these nessages may be used to
performthe tinme nmeasurenent for determning the cellul ar pseudoranges.
These nessages may be the 911 nessage or pseudorange nessages descri bing
pseudoranges to the SPS satellites or nmay Jge Doppl er or other aiding
information (e.g. satellite epherreri s information) being provided to a
nmobile unit. In another .exa the inyention, an in rated system

i ncl udes a SPS r ec SPRPRYNIGEHES %ﬁﬁﬂ%?’%a??gie@d?%ﬁﬁ%hi’gs "%’E‘f"f‘%f ar based
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described below.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is iHustrated by way of example and not limitation in
the figures of the accompanying drawmgs in wh1ch like references indicate similar
elements.

Figure 1 illustrates a cell based communication system which shows the
overlay which may be possible between adjacent cell sites.

Figure 2 shows an example according to the present invention of a
location system which utilizes an SPS system in conjunction with a wireless
communication system.

Figure 3 shows an example of a location server which may be used
according to the present invention.

Figure 4 shows an example of an mtegrated SPS receiver and
communication system. :

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

Figure 6 shows an exampie of a method according to the present
invention. ‘ _

Figures 7A and 7B illustrate another example of a method according to
the present invention. ' :



transceiver. A position of the nobile integrated systemis determ ned from
a conbination of at least the first and the second time neasurenents, and
this conmbination is in a nmeasurenent domain defined by these tine

measur enents. Various other aspects and enbodi nents of the present

i nvention are fuyblhgtsrgescri bed bel ow. BRI EF DESCRI PTI ON OF dd#asobaivdoNGS

The present invention is illustrated by way of exanple and not limtation
in the figures of the acconpanying drawi ngs in which |ike references
indicate simlar elenents. Figure 1 illustrates a cell based communi cation

system whi ch shows the overlay which may be,possible between adjacent cell

sites. Figure 2 shows an exanpl e accor di ng Fo the present invention of a

| ocation systemwhich utilizes an SPS system:in conjunction with a wirel ess
comuni cati on syst € ):3  an exanple of a |ocation server which

rf?y be used accgrcsilp g théﬁteseﬁtrﬁv%ﬁt[&lrélﬁth’ﬁﬁlﬂxbﬁfbof&lllweﬂc&mﬁd’iﬁaéﬁonan exanpl e
(0] an |ntegrate I e WS an
A ags@ag?egmgwﬁ srmhgog Pk Bl Bereletibl ] BeanoP O

exanpl e of a GPS re?%‘rence S used & rent of

the present invent i dROPIEFGEVE havingasals W%mln’é’“&‘?’a%f’%’@qﬁ accord| ng to
t he present inventiommuicgionsgstei\ Thn folloBing ldésaspiivatel duwitdsare ilustative of of a

met hod accordi ng t Opd {AGenRbP&RMAe roftd 88 bdridftued as limiting the invention. Numerous
| specific details are described to provide a thorough understanding of the present
invention. However, in certain instances, well known or conventional details are
not described in order to not unnecessarily obscure the present invention in detail.

In one embodiment of the present invention, a system according to the
invention consists of two elements: (1) a satellite positioning system, such as
GPS, and (2) a wireless radio communication system deployed in a cell based
(sometimes referred to as cellular) configuration in which each cell is defined by its
signal coverage zone, with some cells possibly overlapping. An example of a cell
based wireless radio communication system is the U.S. Cellular Telephone
(AMPS) signal. Other examples of wireless cell based communication systems
include the CDMA, TDMA, GSM, PCS, and ISM sysiems, all of which are well
known. Any wireless cell based communication system that includes base sites
transmitting and/or receiving signals and deployed in a cellular topology may be
used in the present invention to augment satellite positioning systems, such as the
GPS system.

The cell based cqmmuniéation signals may be used to derive a time of
travel of a message on the cell based communication signals which travels between
a cell site and an integrated wireless communication system/SPS receiver. The
time of travel of the message in the cell based communication signal defines a
sphere in three dimensions or a circle in two dimensions with the center at the cell
site and the radius equal to a distance traveled by a radio wave during the measured
time pcridd. These time measﬁremem_s are used to augment the satellite
pseudorange measurements according to one embodiment, particularly when there
is blockage of SPS signals from SPS satellites or in other situations where the
SPS system does not provide adequate position information.

In one embodiment, the integrated wireless communication system/SPS
receiver may derive the positioning or time of arrival information from all available
signals, including SPS satellites and cell based wireless communication signals



DETAI LED DESCRI PTI ON The present invention relates to the use of cell based
commini cation signals to augnent satellite position information in order to
determ ne a |location of a nobile receiver having a satellite positioning
receiver and a cell based conmunication system The follow ng description
and drawings are illustrative of the invention and are not to be construed
as limting the wovesitiaon. Nunerous specific details are de FEFUBVAEY
provi de a thorough understandi ng of the present invention. However, in
certain instances, well known or conventional details are not described in
order to not unnecessarily obscure the present invention in detail. In one
enbodi ment of the present invention, a systgmaccording to the invention
consists of two elenents: (1) a satellite positioning system such as GPS,

and (2) a wireless di o conmuni ati SyS Qved i.n a cell based
(som(eti)rres referreo‘“‘?&a‘é?g“él?i“ltﬁge ) @b‘i‘l’i‘%ﬁ ’f‘gi OFFRHHO BN el | s

defined by its si gnissestationsuehps ai@n@nsmverhiesgmbelewrf@ppsﬁmidmxanmer| appi ng.
égl lexi’mpl e Ff ﬁ cel $m&a&qﬂsm¢nﬁxglmﬁnaﬁ&d@&ummzumbﬁa{amm) Gk diived t he g S.
ul ar Tel ephone “%R/ﬁ’ ase
comuni cati on systens | u e t m%na%%gﬂ{\@ﬂgxﬁ&{ﬁ %§?%ﬁ%}g§k§tenﬁ
all of which are wePFaSEFHBAT ing fp thex gxtimated prroryjo cptimizedbrAlEmeEdi on syst em
that includes base shties Inraladsmau\teiemgocamdft.ahe mtewdmmgpsssqogmmhsat@nd depl oyed
inacellular tOpOl@QEm@PS’re@ﬁVdﬂ%ﬂﬁludc%etﬂaﬁncﬂﬁ ﬁaﬁmu&wsmmgaﬁlis%cmgﬁent
satellite pOSI tioni ngmouytﬁe %f»gn&ancé gtc a%teioca%o %{er yI?canTrReF ?tgxe ti%quxff)nnagon

conmmuni cati on si gna a rressage

on the cell based c’érﬁ?ﬂﬁi’Y@&WP’cﬂ‘r‘P?V&ﬁ%‘i‘%seiliii‘iﬁ/ET”FaP%Wéi%cﬁE@We"éWnaP%II site
and an integrated whroaglethe wirdessoeli tasetlicanmenistiendy$éifs r ecei ver. The tine of

travel of the nessage i ﬁfﬁr&?‘seﬁﬁinkuﬂ&ﬁﬁ@onqml&ﬁ%ﬂ@m%hﬁ“rﬁé fines a
sphere in three di nensions. the center at

the cell site and tPETURIEAE sg%ug#ﬁsc%cegerd F’g“i@ﬁ EIEgE’ra&V g\ “éeas“a%P“’a‘S i 0 wave
during the measur edbafpriardséioiaderationferyer or faempathersitethat hesgneghods g setivet o
augment the sat el | i thetiming information, preferably from received satellite navigation signals which

can be used to derive the precise timing of the transmission and receipt of the cell
based communication signals.

A configuration of a mobile integrated communication system/GPS
receiver together with a remotely located location server can be used to remove
common mode errors in the time of arrival measurements. Some common mode
errors could be due to satellite navigation system errors and some (in particular

timing errors) could be due to system errors in the wireless communication
system. In one case, the GPS time from the least attenuated satellite signal may be
used to establish GPS time of collection of SPS signals which were used to
determine the pseudoranges to the satellites and to establish GPS time at the
location server. In this way, time at the location server and the time of the
pseudorange measurements (e.g. when the SPS signals, from which the
pseudoranges were determined, were collected) are derived from the same source
and common mode errors will cancel out. In some instances, such as a digital
CDMA cellular system, precise timing information is embedded in the CDMA
cellular communication signals and this timing information can be used to derive
the time of receipt of a message in the CDMA communication signal and a time of
transmission of a message in the CDMA communication signal.

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



pseudor ange neasurenents according to one enbodi nent, particularly when
there is bl ockage of SPS signals fromSPS satellites or in other situations
where the SPS system does not provi de adequate position information. In one
enbodi ment, the integrated wirel ess conmuni cati on system SPS recei ver may
derive the positygeidignor time of arrival information from abdrressssbmbl e
signals, including SPS satellites and cell based w rel ess comruni cation
signal s -8- and transmt themtogether with corresponding timng
information to a renote basestation such as a |ocation server descri bed
bel ow for position derivation. Since the pogitioning infornmation
(pseudor angc measurenments) can be derived ffomdifferent sources, an
appropriate weighting scheme can be used to weight the neasurenents
according to their dsellsitas, eathof viiehsis desizned o sirviee & madicalavgeographicabiegiont i on. | n
an alternative emboghideeitn, Ekdiepldsof @k cdirr bakddok fihaka okmbtekibostest em SPS
recei ver rmy use the &8?*&;&»9%&9#;@ Y Emage(ate(fe% {sFstdrhe’ IJh\%ﬁ%L' on
wi t hout the assistance oOf 'a reno & Locatlon server. t“can fhen Store the
i nformation i n menoPpresiand tiet Hpugs2hps not beey drpawndo.thow 4 p¥stlap phesllpisds j ¢ to a
called or calling pswwyintFigwedh Howevenithesdignglcorarige ztreesd thewolismuayi is &dci on
Sth em . | Ij precise éw{eﬂiﬂwiﬂﬁtfgﬁferlgdut%ié ot Eﬂaﬁkﬁ\f&lth@g{??@mj[iﬁbehﬁ&f A be |
i nt egrated comuni catian s.tpz ceive en e tine.o rriya
measurenents may be™F6 led BT o‘“é% vty Sty <e’fitveecr"’l_lsoro el e ?&ﬂ%’?a‘ysi te
that has nethods t oridieg measuements from thecellilpry e arg Availghlefoppsgaecprdingsoihe ecei ved
satel lite navigati cinventignaldssciibrdbhlowa Thédxell basedicdnmuiizationsyitérr agshewd me ti m ng
of the transni ssi onpgpd 1iRG&IePrddlcelis 162,085 |l an® 36L& WA BEUIERdQR §1 ONAI S. A
configuration of angogf'il e |@t e.g{rfat ed conn;nlglzl.catl n ﬁx%teeni GPS recei ver
together with a renBaHY Of SULYELOFTEPRRGas oL Hiey i or sghuBLseriiss 42 ™Ye rov e

also be included in the system 101 and be coupled to one or more cell based

switching centers, such as the mobile switching center 105 and the mobile

switching center 106. Within each cell, such as the cell 102, there is a wireless

cell basestation (sometimes referred to as a cell site or cell base) such as the cell

basestation 102a which is designed to communicate through a wireless

communication medium using cell based communication signals with a

communication system, which typically includes a receiver and a transmitter for
communicating by using the cell based communication signals and a mobile SPS
receiver. This combined communication system and mobile SPS receiver provides
a combined system such as the receiver 102b shown in Figure 2. An example of
such a combined system having a SPS receiver and a communication system is
shown in Figure 4 and may include both the SPS antenna 77 and a
communication systein antenna system 79. Each cell site is coupled typically to a
mobile switching center (MSC). In Figure 2, cell sites 102a and 103a are
coupled to switching center 105 through connections 102¢ and 103c, respectively,
and cell base 104a is coupled to a different mobile switching center 106 through
connection 104c. These connections 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 in the area
serviced by the cell site. |



common_nmpde errors in the tinme of arrival measurenents. Sone comon node
errors could be due to satellite navigation systemerrors and sone (in
particular timng errors) could be due to systemerrors in the wreless
comuni cati on system In one case, the GPS tine fromthe | east attenuated
satellite signal may be used to establish GPS tine of collecti { ?
signal s which weWeIUHE] t o deternmine the pseudoranges to thgcg&@gﬁsw es and
to establish GPS tine at the location server. In this way, tine at the

| ocation server and the tine of the pseudorange nmeasurenments (e.g. when the
SPS signals, fromwhich the pseudoranges were determ ned, were coll ected)
are derived fromthe sane source and comoriorode errors will cancel out. In
sonme instances, such as a digital CDVA cellular system precise timng

information is enbeddedmp%,élgag %&g J[ seftqm%%?etrﬁo%ﬂeﬁ.ﬂ?&v%r and this

timng information can b recel fessage
in the CDVA commnl%%?sé‘ﬁ’e’é’?rglﬂ%ﬁ m&’r‘l‘ﬂ“a“ﬁ H@e%@"ﬁ’-‘%‘ﬁé‘ﬁ?%‘iﬂaﬁ"b&?ﬁ‘% message in
t he CDVA comruni catinegrasd gitathe SPS goeier 2udch ot thotheSASxaaptrandthe a system 101

of the present 'nveé%inﬁﬂxcaﬁﬁh Ym&@éﬂclo@éalmemmwg, BASRENALBIMBisGat | on
system whi ch i ncl udeaul t@fp e each of which is
"cun

i
desi gned to service hav’xﬁ%ndn?‘émﬁ?§g$mf% ‘S)He}bﬁmrfs”’ at1on. Exanpl es
of such cellular ba@@@%ﬂ%#@b&%@lﬁpwﬁﬁ%ﬂﬁ?e@@h fscomhigedyydienis] | known
in the art, such asustder efthibr thieghenk dopdrlvativns, Stuminsibns otdur Wétwden Be

appr eci ated that Fi My ool 3 BOLBEE o mma&h%a@ QL zaﬂ, fpecel | s as
IS shown in Flgure ver he SI ne o s may in
fact overlap as in ‘PPQQFF %affd}fmtpﬁqug °ﬁ‘3 r"Bﬂl"I&P‘éﬁo E?rm"tlﬂ@‘ f)r es ent
invention. It will syitchipgrentet 5 an thendp citlfer anothersielipatelephopeinagell seoired of t he
cell's do overl ap, thiane aolileswitshing céritsli10f onRaSHhIaQOmEH IS feypivaly Wigedg®l | ul ar
systemare avail abl &o{hgrrteléﬁlgn&ﬁl%%lﬂhpﬂn&-Qaséﬂaephone system/network 112. It will

be appreciated that the term wired includes fiber optic and other non wireless

connections such as copper cabling, etc. Transmissions from the other telephone

which is communicating with the Teceiver 102b are conveyed from the mobile

switching center 105 through the connection 102c and the cell site 102a back to the

receiver 102b in the conventional manner. Typically, each cell base, such as cell

base 102a, will include a SPS re'ceive_r {or at least be'cdupled to receive SPS time).

The SPS receiver is used to time stamp the time of transmissions of messages

from the cell base to a mobile unit and to time stamp the time of receipt of a

message at the cell base from the mobile unit. In this way, the time of travel

between the mobile unit and a cell base of a messags in the cell based

communication signals can be determined. This time of travel may be referred to

as a cellular pseudorange. In one example of the invention, the time of

transmission and time of receipt of a message is sent to 2 GPS location server

which calculates the time of travel for the message to thereby determyine the cellular

pseudorange.

In the example of Figure 2, each mobile éwitching center (MSC) is

coupled to at least one regional short message service center (SMSC) through a

network which in one embodiment is referred to as a Signaling System Number 7

(S87) Network. This network is designed to allow short messages (e.g. control

information and data) to be passed among elements of the telephone network. It

will be understood that Figure 2 shows one example and that it is possible for

several MSC's to be coupled to one regional SMSC. The SS7 network is




I nvention as described bel ow. The cell based comunication 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 and/or cellular
service areas may al so be included in the system 101 and be coupled to one
or nore cell basa@éosmiztachi ng centers, such as the nobil e sw pctiissgoment er
105 and the nobile swtching center 106. Wthin each cell, such as the cell
102, there is a wireless cell basestation (sonetinmes referred to as a cell
site or cell base) such as the cell basestation 102a which is designed to
comuni cate through a wireless comuni cati of. medi um usi ng cell based
communi cation signals with a communi cati on system which typically includes
a receiver and a transmtter for conmunicating by using the cell based
comuni cati on si gnaerressaidd by ¢asptcriensd(fa, ﬂ@@éﬂ/&? which énterenspichM8C's 105

conmmuni cati on syst efida06ltoregiodabSMBS's 16T &idVI68. Phekulple ofFig@MRl P aodh@nsst em
such as the recei Vag, 2o aRNBrvES 169 418 Fhict¥e RYAERS BhpiciiE ReBnd OMDI ned
system having a SP re((‘;?w/er and,aswcs%l on Syst 'S §ho I'n Figure
4 and may include bOYPC{andpgiongl SPRT CgES aarq Pha dporem

ant enna system 79. dmtoHinset of thej distritiuted syngm efdrigure 2 ahé¢ ¢opnactions 1iTaand e '
swi t chi no. cent er ( MoRa are bitt &flaguinineht pRat kwitdhé BfarakRBarewlcHlidBRomeds pouiol ed
to switching center ; - : ively,
and cell base 104a Yaéglgsorg {;,%gg;%&g@&ﬁg %r@?ﬁﬁﬁ%&oﬁ&&g&)ﬂgtc ﬁ,a?nlg"?%%?é er 106

t hrough connect i on regigeal SMSEdeact a5 A awer to Fpute gauests,fy; lecation seicedp| ne

connecti ons bet weenwtithever§ihSderafionsenyers hre braslablein dase hfcongdsiidnat slatatioli ng

C_e?th ers 105 anfl_ 10696w'§f‘&hai&€ééfa@@:§ﬁmisgﬁkﬂldﬁ§s, @tgi_om@m@aoﬁ% Iﬁ{ay R)?{E}mni cat-iI ng
Wi communi cation s ens. .service . rticu cell si se. In
one exanple, the celi"%(a%l T8 mrramqu_ﬁsgs fgou(?éof’%e%%f cecfveldeg%«gc'%gﬂe [45€ f’f%‘%ﬁ\ﬁi ch
comuni cat es wi t h n@BS reecives 102y digls 31 & proihm Byrgtated geli lerhope do S BF losationy t he

cell site. 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 p_i'ovide differéntial GPS corrections and satellite
ephemeris data to the GPS location servers. This wide area network of GPS
reference stations, shown as GPS reference nétwork 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.
Alternatively, a GPS reference receiver may be used at each location server to
provide satellite ephemeris, GPS measurements or local area differential
corrections and GPS time to the GPS location server. As shown in Figure 2,
each GPS location server is also coupled to a public switched telephone network
(PSTN) 112 to which two application servers 114 and 116 are coupled.

The two GPS location servers are, in one embodiment, used to determine
the position of a mobile GPS receiver (e.g. receiver 102b) using GPS signals
received by the mobile GPS receiver.

Each GPS location server will receive pseudoranges from a mobile GPS
receiver and satellite ephemeris and differential corrections data from the GPS
reference network and calculate a position for the mobile GPS receiver and then
this position will be transmitted through the PSTN to one (or both) of the
Application Servers where the position is presented (e.g. displayed on a map) to a



-10- In a typical enbodinent of the present invention, the nobile SPS
recei ver, such as receiver 102b, includes a cell based comunicati on system
which is integrated with the SPS receiver such that both the SPS receiver
and the comuni cation system are enclosed in the sanme housing. One exanple
of this is a cellular telephone having an integrated GPS receiver which
shares comon ciwoes/a47sg with the cellul ar tel ephone transcei REE{US Wgélﬁ this
conbi ned systemis used for cellular tel ephone conmunicati ons,
transm ssi ons occur between the receiver 102b and the cell base 102a.
Transm ssions fromthe receiver 102b to the cell base 102a are then
propagat ed over the connection 102c to the-.ipobile switching center 105 and
then to either another cellular telephone in a cell serviced by the nobile

switching center 105 %%'ﬁﬁgpqgcse ogmalg @y@fg%lrll%mr aic%?ate% ) 2not her

t el ephone t hrough tRE ep one wll be
appreci at ed that t Hioes ROt picitnt €4d- ‘?erbﬁplﬁﬁb@ﬂl’qsﬁ’@? at dhey GRS lgsponierist. 4=fbn wirel ess
connections such asapplivaier secvedthaysend axequest, Forthspusition afapaticudaniSecceivirer

e Mobi 1 o ow 1 chi ik Caaut il ol 9, Il ey Aic fen ity 3B ERAIE) O el 1
site 102a back to t ar@&‘iﬂ’\?‘e'f‘%lﬁ%g'% g"‘é‘ﬁﬁ@‘é F’%ﬁf&i‘ frRips 1 ﬂ%‘l cally,
each cell base, sucth determine|the gositen af@irGPSapdeiverandiepeitthef poit®nbackap ther (or at
| east be coupl ed t opaftRGIRE applicalsn. h Md}her ehitR i, J PoeitbY Eterhination €t alGPSt | e

stanp the time of LR eqmﬁat&;bma%asﬁ,o§,fe@$sm@iv&%1e,aag@ deyst I mobi | e

unit and to tinme stanp nessa base

of ‘recei
fromthe nobile unl‘{fthelwbt‘lﬁp WY PR Pf#ﬁ%?écf’s?’?ea‘?})é‘lr WopUet®Sehe nobi | e
unit and a cell bas'docet" lamnl@@s&gsellphonmlnﬂ@htbammn@(mmon g theilagationi gnal s

can be deternined. Jendoil®GPSFecdiver i thivBity fftiate @ [RERGrot s Mtheindagér Ul ar

pseudor ange. In onedcgél%nmege f the invention, the tine of transm ssion and

time of receipt of A is . sent to a GPS |ocation server which
cal cul ates the tine of tI‘P%Pé‘Fm?tHF""E‘h@"P@é%Y@& R BOPHFRESBSPIREPTRINE 1 he

cel l ul ar pseudor angmsition, the GPS location server may cause location appropriate satellite
ephemeris information to be transmitted to the mobile SPS receiver. This mobile
SPS receiver determines satelliie pseudoranges and calculates satellite positions
from the received satellite ephemeris information and also receives or determines
cellular pseudoranges (and the locations of cell sites with which it is
communicating). Using the satellite pseudoranges, satellite positions, cellular
pseudoranges and cell site positions, the mobile SPS receiver itself determines its
position.

Tt should be noted that 4 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 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
cellular service area 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. A service area is often used for billing purposes. Hence, it may



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
networ k which in one enbodinent is referred to as a Signaling System Number
7 (SS7) Network. This network is designed to allow short nessages (e.g.
control informatiyeleyspeg data) to be passed anong el enments of pcivestetssphone
network. It will be understood that Figure 2 shows one exanple and that it
is possible for several MSC s to be coupled to one regional SMSC. The SS7
network is -11- represented by connections 105a, 105b and 106a which

I nterconnect MSC s 105 and 106 to regional C s 107 and 108. The exanple
of Figure 2 also shows two GPS | ocation servers 109 and 110 which are
respectively coupled to regional SMSC 107 and regi onal SMSC 108 t hrough
connections 107a ankk th@se that pells iremonsithad ioneesatvias fared bre cotingdtedith oteswitgingt em of

Figure 2, the conneghiepfiehidirl2ieh sbRS@nd e Ad that &dls QiR bABBERRE abAgk et
swi t ched data netmrogné@/&dwd&f %: S&R&ﬁ%c&aer\;c é]cma'lzy r%gmog‘%%%l\r/{sc s wth

vari ous GPS Iocatlon Ser |ona 0 ac]fl as a
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of a location Servege b@ls sdi6te BAN8d, w%@@@xejegﬂulm)(seﬁ%?or cOfdkd O Service
requests from nobi l 3

recei ver 102b. dial s* Eescsl???fyﬁléglf n‘iﬂggﬁéfa&@ g)exp?se t“@}eg’ﬁ’%%cé lsi”g’rstaﬂ%w%
| ocati on server 110ark4s moye axd fBrrtisep Fxamples of sheheyiteres inglude dridiymyj | ed or is
ot herwi se unabl e t oGR®ilvhG Orbicbrém| aaddyssey.ser vi ce request. Each GPS | ocation

St ons whi oh_pr oui §°”§J 2 s it Sy aica 19, MJ‘“%??% ‘"ggf"t 5 phemeri s
data to the GPS Ioc‘é"’F&% %gﬁé %erq?%f’g E\fﬁfé“’é §€? gration

server 50 of Figure 3 includes a data processing unit 51 which may be a fault-
tolerant digital computer system. The SPS location server 50 also includes a
modem or other communication interface 52 and 2 modem or other communication
interface 53 and 2 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 Ahswering Point) which is typically the control center
which answers 911 emergency telephone calls. The network 62, which represents
the SPS reference network 111 of Figure 2, is a network of SPS receivers which
are SPS reference receivers designed to provide differential SPS correction
information and also to provide SPS 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 SPS receiver, such as optional SPS receiver 56,
may not be able to observe all SPS satellites that are in view of mobile SPS
receivers throughout this area. Accordingly, the network 62 collects and provides



reference stations, shown as GPS reference network 111, is typically
coupled to each GPS | ocation server through a dedi cated packet sw tched
data network. Hence, |ocation server 109 receives data fromthe network 111
t hrough connection 109a and server 110 receives data fromnetwork 111

t hrough connection 110a. Alternatively, a GPS reference rece;@égmysgbe
used at each | ocWPP¥H™Berver to provide satellite epheneris, '
measurenents or |ocal area differential corrections and GPS tine to the GPS
| ocation server. As shown in Figure 2, each GPS | ocation server is also
coupled to a public switched tel ephone network (PSTN) 112 to which two
application servers 114 and 116 are coupl edi4-The two GPS | ocati on servers
are, in one enbodi ment, used to determ ne the position of a nobile GPS

recever (e 9. ! eceliffie diehis i (i, it bl it bt 8k ¥Etbe Rk bl Dl | €GPS
recei ver. Each GPS location server ,tt_fece.lv pseudor n%gé_ roma nobile
GPS recei ver and saf®lite pYisalignapRsTaEd and ditfee éﬁf"?"ﬁ?"‘b‘%ﬂ Rt a from
the GPS reference nweidsarek inascbrédrabecvitiabeprasepdnyentioon for the nobile GPS
receiver and then this posihbw@ih Fibdre 3pLmhsk ao@pd ddvRe!54 R3contda & e dRSTN t o one

(or both) of the Applicati e ere | | resented (e.g.
di spl ayed on a map) occ)esging ’9“?{-5?2? yﬁé@?ﬁ%&?ﬁéﬁfﬁ?ﬁgpggﬁé. %rig‘f?g?r. Nor mal | vy,
the GPS | ocation sepefisrareiar rerfpraningthy,GFS arsisien erlulagens aksiaeceking. by di spl ay)
the position at thepé&RSringesfrinnthe s@bileGPS Rceiespbich ata roceiwe 102 of Figyresend a

request, for the posi rhddp@hdonpa fateinhadly réckivedR6E R cell RteANEmBilet e cel |'s,
to a GPS | ocation ser .\{c%_r whi cc%gm{tgggmé nitiates a ggg:fﬁ{esatsl TTA h &
particul ar nobile cPY _ BESTVES r ougeﬁ_“f he m)t5_| €% _ .(EIH’F nsg %gggq‘f‘gcr Fn or der
to determne the podiseinghidessofiwies. aiegstin ers epbpdiment. whighds Bsed fodecejye aid i on back
to the particul ar apgthesatelli@rephdnreriadend inddifferetuial SPSaotrectian fasprovidsd by the
determ nation for adp8%ference network 32 through the modem or other interface 54. The mass

storage device 55 also will typically include a database which specifies the location

of cell sites which are serviced by the GPS location server. These locations are

used with the cellular pseudoranges to determine the position of a mobile unit such

as an integrated communication system/GPS receiver.

In a typical embodiment of the present invention, the optional SPS receiver

56 is not necessary as the GPS reference network 111 of Figure 2 (shown as

network 62 of Figure 3) provideé the differential GPS information as well as the

raw satellite navigation messages 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 conventional manner with the psendoranges obtained
from the mobile GPS receiver in order to compute the position information for the
mobile GPS receiver. The interfaces 52, 53, and 54 may each be a modem or
other suitable communication interface for coupling the data processing unit to
other computer systems, as in the case of network 64, and to cellular based
communication systems, as in the case of network 60, and to transmitting devices,
such as computer systems in the network 62. In one embodiment, it will be
appreciated that the network 62 includes a plurality of GPS reference receivers
dispersed over a geographical region. In some embodiments, the differential GPS
correction information, obtained from a receiver 56 near the cell site or cellular
service area which is communicating with the mobile GPS receiver through the
cellular based communication system, will provide differential GPS correction



receiver may be initiated by a user of a nobile GPS receiver; for exanple,
the user of the nobile GPS receiver may press 911 (or sone other button,
such as a "locate" button) on the cell phone to indicate an energency
situation at the location of the nobile GPS receiver and this nmay initiate
a |l ocation procewgosddzehe manner described herein. In an al t ecnasionpesss
enbodi nent in which a nobile SPS receiver determnes its position, the GPS
| ocation server may cause | ocation appropriate satellite epheneris
information to be transmtted to the nobile SPS receiver. This nobile SPS
recei ver determ nes satellite pseudoranges ?gwd cal cul ates satellite
positions fromthe received satellite epheneris information and al so
receives or determnes cellular pseudoranges (and the |ocations of cell
sites with which it infomatismyiichdsAppiqpfjate fbsq%ﬁ@prmn%loeqnm ofthemebilg6Panges,
satellite positionsrecdedl mloarermmﬁcrangmmﬁnmmmsméteromlrﬁdyfbss t he
nmobi | e SPS recei ver ik E gﬁ nﬁait?ongﬂﬁw'ntag;?%n atelio SO RYLfL BELOOt ed t hat
a cellul ar based or g ased communi cation sy m1s a comruni cation
syst em whi ch has m)pg f%&¥°one transnitter, each of which serves a

di fferent geographi cal dHigure 4\&]’9"@@3@“#&9@@%@@ systenawhich inctudesta SBS t i ne.
Typical ly, each trapg#idrhila dofanitinibhtion sffesn thansdaivel. h e Whthglé) useer ves a cel |

oo s00" 2P Dl i ity S0 u?agteg})hqepg TRl QNG g2 e

covered depends on ar s nmerous types

of cellular conmuni 88FY BFFe) 4% baving a§3§ﬁm§§’a3 F‘P%%F“”f“éﬁ%&?ﬁé’ﬁ%e“’@@%
(personal conmuni cabaving aspmmenigatiobiiRenhs S CThelSPS edteimarliblissconpleld o)he one- way

and two-way pager 5¥&ﬁﬁﬁf§caﬂ%nse%ﬁ@f8m&ﬁglf%5&1n€§t%nE@Q‘fﬁﬁlﬂﬁfgﬁr@y%em
Typically, the predef] n gg%{@ogm & ¥m? lgq§§ns§,g%mrtﬁ%nﬁ%£1?eel_q8t Q.35 cells and a

plurality of cells ﬁ?emo service area and
these pluralities ofPREEsmpae ipnithyoughdhepntennn 79 apdprovidesthis wi t chi ng
centers which provi dgpreximaneDopplon hfdmmatcaroseridinit 80 @ thpGPS ecayes 7€whicand/ or

networks. A servi ce afRfs the plhdobgt SRcmindionty!rbdefiths MY IPRIRRAls HEAGR. 11 MBY
SPS satellites through the SPS antenna 77. The determined pseudoranges are then
transmitted to a SPS location server through the communication system transceiver

(

78. Typically the communication system transcejver 78 sends a signal through the
antenna 79 to a cell site which then transfers this information back to the SPS
location server. Exampies 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 SPS receiver and communication system which utilizes an improved
SPS receiver system. Another example of a combined SPS and communication
system has been described in co-pending Application Serial No. 08/652,833,
which was filed May 23, 1996. 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 a message at the mobile unit and the time of transmission
of a message from the mobile unit. In particular, the system 75 may use GPS time
(received from the GPS satellites) or use tirhc from CDMA transmissions (in a
preferred embodiment) to time stamp the time of receipt at the mobile unit of a
message and the time of transmission of another message from the mobile unit.
Alternatively, becaunse a CDMA signal is a spread spectrum (DSSS) signal, system
75 can derive time of travel of a one-way signal by despreading the received signal
in order to provide a cellular pseudorange. The CDMA signal generated by a
CDMA cell site is synchronized to GPS time, and it has both a spread spectrum



-13- _be the case that cells in nore than one service area are connected to
one switching center. Alternatively, it i's sonetines the case that cells
wi thin 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 cl ose geographical proximty to one

anot her. Anot herwepdsds2of cel lul ar systens that fits the abo’(’féméfé%"y?qut i on
is satellite based, where the cellular basestations or cell sites are
satellites that typically orbit the earth. In these systens, the cel
sectors and service areas nove as a function of tine. Exanples of such
systens include Iridium G obalstar, Obconmg and Odyssey. Figure 3 shows
an exanple of a GPS | ocation server 50 which nay be used as the GPS server

109 or GPS server 110 in Figure 2. dhe SPS | gocation server 0 jgure 3
i ncl udes a data pr occ‘?gesasn? 42 g‘ﬁﬁs‘?a"gi', '\iiﬁsgﬁa%apf/&‘g%c gﬁﬁﬁfl{a@r{ acl)ﬁ%‘gv‘? %\Eﬁ?ﬂ(ﬁg gi tal

conmput er system THellubpeecpiyerie detrrming trapghggomelation ppregtighi@ccugatebbfieiner ot her
conmruni cat i on i nt erdfasel &2 GDMA signa deitheodatarhdunlatienpronides thatimenf | Nt er f ace 53

and a nmodem or ot h%&ﬁ;@i&phﬁ@ﬁ:&ﬁ%&ﬂ@&ﬁ@&%@h@}@@ ts&rm&gygsmeon

i nterfaces provide cqnnectivity for the exchan 0 f.or mat | to. and from
the location ser verm‘g‘rf}f&b\?{t o e ﬁiﬁﬁéﬁg’fﬂgflﬁﬂegaﬁ"‘%ﬁ?Egssagefff‘?g}n;gﬁf"°ﬁ5t%r ks,

whi ch are shown as ardejgomined 3 the nepile upitgndigansmied frem the mebidounities GB®s t he

mobi | e swi t chi Nng ceBéaBén RfveriBidhg Scell Bitt. Thedehignel aNidhddas astdphmaepPsyst em

switches or the ceIILcaﬁj”; Sver ( tﬁé@qmlt&cgges@d% ?%%%‘F‘“E%*‘m@'@ in Figure 2

wherein the GPS server 109 re ?esents t he I gure Thus t he

network 60 may be c‘??ﬁ’ﬂ“&%’r‘@gl SeYIOnRFSOT HESSHEE | e switching centers 105
and 106 and the cells 1&gurgdhshowsank enthodinEnefonaGR® referdue statjonbdt willivei der ed

to include the ApplippriaediBat 96héférench ddtichithybé Gonsttdbted i this Yaf afd tobifiam! | y

ﬁg ?2 uter systens wif b CONMHNLGEE ok BF SEdidh STypicdly! efth Ths TRrehdd ShatidlE ONE OF
such as GPS reference station 90 of Figure 5, will include a 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 and/or pseudorange
differential corrections 93 are provided to a processor and network interface 95,
and these pseudorange outputs are used to compute 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 pseudorange data to determine the appropriate
pseudorange correction for each satellite in view of the GPS antenna 91. These
pseudorange corrections are then transmitted through the network interface to the
communication network or medium 96 to which other GPS reference stations are
typically 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



"PSAP's," (Public Safety Answering Point) which is typically the control
center which answers 911 energency tel ephone calls. The network 62, which
represents the SPS reference network 111 of Figure 2, is a network of SPS
recei vers which are SPS reference receivers designed to provide
differenti al SP{ { siAstion information and also to provide fffussig@iel data
I ncl udi ng the sate Ite epheneris data to the data processing unit. Wen
the server 50 serves a very |arge geographical area, a |ocal optional SPS
receiver, such as optional SPS receiver 56, nmay not be able to observe al
SPS satellites that are in view of nobile ?ES receivers throughout this
area. Accordingly, the network 62 collects“and provides -14- satellite
epheneris data (typically, in one enbodinent, as part of the entire raw
satel lite navi gati oweciveisayerh GPYsathllitf. cPhasrsatelile eBRBiedis datais paroof thkat a
applicabl e over a Whigtiod Messgh which & HicHacast agntﬁeisobiaserraaeﬁ&ama dR¥R R thON. As

orocossing ani ¢ 510TRiRtay g AERs MUNES el Ao RO iy A T RRRET e 1 or

software for perf oﬂﬁw éqvem@bsﬂﬁd»g?cﬁsarﬁne afftw#mreﬁ@%mee\fes Phiscsatelliten g
pseudor anges from epemenddatamuERS4ned eanswitsi; insealtimes nearratémy®nhel 02b of

Figure 2. These ps%b&ﬂﬂﬁxﬂ«‘ﬂ&?n&d}&k 9@%@%‘113& B@s@x@ds&ﬁ&o& h.fu?k%@"htf- Q@qefh@xlxé site

and nobile sw tchi Qﬁg& em or. ot her | nI ace e nmss

st orage device 55 ‘EI%&‘“"'&(’J‘?‘?%F@“‘&F F@a’ﬂ‘”‘ﬁﬂﬁ . whi ch
is used to recei vetlamam@sleatwmusﬁl’%lomqoesemwmag @asmctanﬂthelplfeﬁer enti al
SPS correction dat gnvestion) ded by the GPS reference network 32 through the

nodem or other i nterf ach Sdun JHBRSS ohOHANR MRHSGCamPedli Qetticels of YPI Cal 1Y

i ncl ude a dat abase whic gec I es t t| 0 sites are

serviced by the GPEeGUEALOR Mesageurh ”ﬁﬁa%e "B?lg“%l?‘%“ﬂﬁé‘t?y f‘i’?‘ t he
cel l ul ar pseudor andelcation meesrlmlﬁerwlwep@sbmdwﬁﬂnfqmmﬂoethamtwonkuch

interfaces and for the communication network. Typically also, this data may not
need to be provided continuously. For example, only the first three frames which
contain ephemeris informatijon rather than all § frames together may be transmitted
on a regular basis into the communication network 96, It will be appreciated that

r‘:

in one embodiment of the present invention, the location server may receive the
entire navigation message which is transmitted from one or more GPS reference
receivers into the nétwork in order to perform a method for measuring time related
to satellite data messages, such as the method described in co-pending U.S. Patent
Application Serial No. 08/794,649, which 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 at least a representation of a portion of the 50 baud data message encoded into
the GPS signal transmitted from a GPS satellite. 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.

Figure 6 shows an example of a method according to the present
invention in which messages in a cell based communication signal are used to
provide time measurements which may be used to augment time measurements
from satellite positioning systems, such as the GPS system. In the present



as an integrated comuni cation system GPS receiver. In a typical enbodi nent
of the present invention, the optional SPS receiver 56 is not necessary as
the GPS reference network 111 of Figure 2 (shown as network 62 of Figure 3)
provides the differential GPS information as well as the raw satellite

navi gati on nessages fromthe satellites in view of the various reference
receivers in thew@®Bssef erence network. It will be appreci at&FUSHA¥he
satellite epheneris data obtained fromthe network through the nodem or
other interface 54 may be used in a conventional nmanner with the

pseudor anges obtained fromthe nobile GPS receiver in order to conpute the
position information for the nobile GPS reggiver. The interfaces 52, 53,
and 54 may each be a nodem or other suitable conmunication interface for
coupling the data processjng unit. .0 her. conput er systens, as. i he case
of network 64, and MO8 L}‘Tﬁ%fﬁagﬁsdgg’a °§£%ﬁ%ﬁ°@&?ﬁ8%°§§‘§?%%? h‘ﬁgm?eﬁlg‘f#e case
of network 60, and navgatipwsignisiihiochgpegify p pesition of the trepsmutengrre@PSiket ens in t he
net ror k 62. IIn one sQiil0 Rt thesd thesWighd mbyehealtit@f dand ch dshdice bhduanet wor k 62
includes a pluralit gg’ii&\é’.ﬁi a

geogr aphi cal regi on.es%%esgﬁeb{é%‘g%%n]{egﬁéﬁﬁgé ﬁ:rg;gjpfi al ¢ %lycor rection

i nformation, obt ai WQWETW%W?‘IFEWPW“@SSYﬁ&‘H@dt%eﬁB et ot | ul ar
servi ce area whi ch sits Thesermassagesmiaggfongxahpichie Doppled ez oERSiiding miormationhr ough
the cel lular bai gd (6.QEPHOiRAL I00liof WS lprovded fréth B 'k:éifsitg td themhilel al GPS
correction -15- .i.n t Xi mat e

| ocation of the mobl %@@%&@8%2%‘?@%?‘%&%@%@ bg :&fe]t‘ggr?g%{ﬂ?éﬂ%
corrections from t Honaadgtegraedsommpynicatian sxstely Gltreqelyerd digpaydedhedi f f er ent i al
correction appr opr ipatudortuges toiPS sateltiicodetarmirteth by GPSPS exceivaravhichfareiging 4 shows

a generalized conbigdnusyaddgrnih Bdbilk GG bHERS iR csilste and ultimately to a location
server as in one embodiment of the present invention. Thus these messages are
typically capable of bi-directional communication and may be arbitrary data and
are not embedded navigation signals.

The method as shown in Figure 6 begins at step 201 in which GPS
signals are received in the mobile integrated communication system/GPS receiver
and pseudoranges to at least one GPS satellite is determined. This one
pseudorange represents a time of travel of a GPS signal from a GPS satellite to the
mobile GPS receiver. In step-203, a transmission of a message in the wireless cell
based communication signals occurs. From this transmission, in step 205, a time

measurement is determined which represents a time of travel of a message in the
wireless cell based communication signals between the communication system in
the integrated communication system/GPS receiver and a wireless cell based
transceiver at the first cell site. If the mobile integrated communication
system/GPS receiver can communicate with several cell sites, then several time
measurements that represent the times of travel of the messages between the
mobile unit and several cell sites may be determined. The same or different
messages may be sent between the mobile unit and several cell sites, and the time
measurements may be obtained from these messages. These time measurements
may be referred to as cellular pseudoranges or cell based pseudoranges. Having
several cellular pseudoranges will tend to increase the chances of having a three-
dimensional position determination, particularly if pseudoranges to at least two
GPS satellites can also be determined.



recei ver and a conmuni cation systemtransceiver. In one exanple, the
comuni cati on systemtransceiver is a cellular tel ephone. The system 75

i ncludes a SPS receiver 76 having a SPS antenna 77 and a conmuni cation
transcei ver 78 having a conmmuni cation antenna 79. The SPS receiver 76 is
coupl ed to the Gpgwgsissati on transceiver 78 through the conngetusssn®Bd shown
in Figure 4. In one node of operation, the conmunication systemtransceiver
78 receives approxi mate Doppler information through the antenna 79 and
provi des this approximte Doppler information over the link 80 to the GPS
receiver 76 which perforns the pseudorange 1g_eterm' nation by receiving the
SPS signals fromthe SPS satellites through’the SPS antenna 77. The

determ ned pseudoranges are then transmtted to a SPS | ocati on server

t hrough the communi cat i brstep287.éhpositions obthe 6PS yagellitasap the time pf ¢dijecting the

conmuni cat i on syst efialférasseeninehe satlifepdtdotangdsGhdthe pdiition ghihé WRel@t@Nna 79

to a cell site whi GhedRSflcdi @Rl @cmidh STobd |Gl HRklshn BRGka LAn e _SPS

| ocation server. Exanples of varl ous, enbo {s ¥ [ e system 75 are
known in the art. FMRSFUdgmRagedpam QB‘%%@?&’FBWF“’S?%@P?&?H’@@H‘}%?S% exanpl e
of a conbi ned SPS ra8eahemsitiomef tediRf méctvat Wiich s intigerdwithale commnunizgnan
| mpr oved tS_PS recelt vs%n%xﬁié%%emineﬁmwrea@n@wha{ge %_a@l&ﬂﬂ@bﬁk@?ﬁ%’@ﬂi@é’%d -l
comuni cati on sys s..been [0 - ication Seria
No. 081652, 833, m?f@nmﬁagmfﬁrég%@%a?%?? Bl SIBeE 0L B re 4 as
wel | as numerous alCBAEHBICIR sigew#if fremtheFPSspteiesahemsts drge aopthepesiarny er s
wi 'l typically tinmfatdmlessicibbasedmnsbivértvéhichowe ingpmofunisative sdthge at t he .
mobi I e unit and t heohiiRicion bysRisoTuR Thoblle Mlcgte RS AYFiclilyOME bhRioRPi | € unit.
In particular, the ‘ﬂést.ergbwdrra ?‘?‘ (ilsotlgg) é{ ceived frod‘ntpet GPS
satellites) or use FFHEY B i‘}BKWI d RLBLTERoR °§iaﬁa“3 TREFEPFEE Bnbodi nent )
to time stanp the tanpiher§IPSysaipllitegr anpther ¢elulpryspuderangeisuches anpthepi®age and t he
time of transm ssi Qfieagirerienobtamiessupsinalgovifelessiell basedtifrialsdetubn the _
Alternatively, becaiysesiclddyehiRabndiir #irSbl tarhaSR%GALUT( FSERe Si gnal
system 75 can derive tl_netg ravajéﬂof-‘tea-one-\ga Sl Bal b espreadi ng the
recei ved signal in 2BPEge] Gat Sty CeHuan oyedRYy sk °%’§‘é’h% $adgdercHite cOVA si gnal
generated by a communication system can communicate with two cell sites and where two GPS

satellites have been acquired and their pseudoranges determined, four

pseudoranges are available for use in determining the position of the mobile unit.

" In one embodiment, the mobile unit itself may determine its position by
receiving the satellite ephemeris data from the GPS satellites or from another
source (e.g. through cell based communication signals), receiving or determining
satellite and cellular pseudoranges, and by using a local database which specifies
the position of a particular cell site or cell sites with which it is communicating
messages in the cell based wireless communication system. In an alternative
embodiment, a client-server architecture is used in which pseudorange
measurements are transmitted to a-location server, and the location server receives
the satellite ephemeris data and also receives or otherwise determines the position
of the cell sites which are communicating with the communication system in the
integrated mobile unit. ‘

Before describing another example of the invention, it is desirable to
identify the unknowns in the system so that the minimum set of measurements and
the combination thereof can be considered.

As far as a remote SPS receiver is concerned the unknowns are receiver
clock error #(SPS_rcvr), and (x,y,z) for three-dimensional positioning or (x,y) for



CDMVA cel]l . site is synchronized to GPS tine, and it has both a spread
spectrum -16- code and data nodul ation. The spread spectrum code

nodul ation allows a CDVA cellular receiver to determ ne, through a

correl ation operation, accurately the tine of travel of a CDI\/A si gnal and
t he data nodul ati on provides the tinme of transm ssion. In a %
enbodi ment the tVYR&%H52recei pt of a nmessage at the nobile un d67? e tine
or transm ssion of another nessage fromthe nobile unit are determ ned at
the nmobile unit and transmtted fromthe nobile unit to a GPS | ocation
server through a cell site. These tines will then be used at the GPS

| ocation server (together with the correspeding tinmes fromthe cell site)
to determine a cellular pseudorange for a nessage. Figure 5 shows one
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to conpute pseudorang S ntlal corre onven I Onal Cmanner
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has interfaces for gHeptybiBradgiedol.r0Om a GPS reference

Two-dimensional positioning is considered first. Three-dimensional

-D

positioning is a simple extension of a two-dimensional case.

In the case of a situation of cell basestation transceivers synchronized to
GPS system time, there is a total of three unknowns: two spatial errors (x and y)
and one temporal error. There is only one temporal error since the basestation
transceiver clock #(cell_trcvr) and the SPS receiver clock #SPS_rcvr) are slaved to
the common reference time. Another way of looking at this is to consider the
cellular psendorange, which is the time of travel or difference of two times
measured by SPS receiver and cellular transceiver clocks both synchronized to a
common source of time - GPS system time. Three unknowns require three
independent measurements: a combination of { SPS pseudoranges and j cellular
pseudoranges where i+j is greater than or equal to 3. The preferred embodiment is
to communicate with at least one cellular basestation in order to fulfill
communication link requirements in the server/client architectural approach and
enhanced 911 application in particular. Each independent cellular pseudorange
requires a cell base transceiver producing a time measurement. Thus, i cellular
pseudoranges means i separate cellular basestations making i time measurements.

In the case of a situation of cell basestation transceivers synchronized to
non-GPS system time, there are a total of four unknowns: two spatial errors (x
and y) and two temporal errors (the transceiver clock #{cell_trcvr) error and the
SPS receiver clock #{(SPS_rcvr) error).



receiver as is well known in the art. The processor 95 wll typically

I ncl ude software designed to process the pseudorange data to determ ne the
appropri ate pseudorange correction for each satellite in view of the GPS
antenna 91. These pseudorange corrections are then transmtted through the
networ k interfaghdomefshie conmmuni cation network or medi um 96 scwushseedss ot her
GPS reference stations are typically also coupled. The GPS reference
receiver 92 also provides a satellite epheneris data output 94. This data
is provided to the processor and network interface 95 which then transmts
this data onto the conmuni cation network 94, which is included in the GPS
reference network 111 of Figure 2. The satellite epheneris data output 94

provides typically at |east part of the entire raw 50 baud navigation
bi nary data encoded i n Fopramkrorgsreagipssow ipiepgndent measyrpment ciqombinaionh each
CGPS satel lite. Thi sSESgiseldbiatges £yili eetintar pseddurangéssvipmriti iogredrdrehanadvequalt i on

Tessage whi ch | s biadGaReS i HETA0A M) ShReE el fieldAusl Laam 1 0 the CPS

signals fromthe at II|tes and 1s Fﬁ% reat detall .in the GPS
| CD- 200 document THEC 8%’§°§5P TS ARAT OF % ?f‘F%?"P&E@ G SETARRE UG o

satel | i te epheneri mesnemenstThns, | celiularpsendorangayimesnsiitl separateedlluler ne or near
real tinme to the CBMb&aﬁmgzﬂ&hm'ﬁéﬁs&ﬁnenﬁs will be described bel ow this

tellit h datg . nné
et wor k .esef’ategfr'rice?v@a RN gf"ou“@;ﬁ]@‘%@h&%ﬁ&%& fﬁﬁé&%‘%gﬁ on
a.blpéfspélﬁif Inﬁzg%lmqe ee%fepg an

servers according tee
enbodi nents of t hebcparwénonal qelhdlartor SRS pssndoyangs ot aineaswrement hised af sonfee

navit ggtifn nfssageestﬁidﬁhfm&alﬁth&\ﬁﬁ:hﬁhéh&@of%& tikudle Giddn rressage rm%/ bfe
sen 0 ocatll on server n nts or
Asno ?e%gﬁﬁotta%étﬁ)%gco}%ﬁ ﬁl gt\[%ch lll(we pl X a[.)f)”%

the network interfaces y al so,
this data may not be descnbed while referring to Figures 7A and 7B In this example, the

integrated mobile unit may be an integrated cell phone/GPS receiver which uses a
CDMA type cell based communication signal protocol. Thus, the time of receipt
of a message at the mobile unit may be obtained from the CDMA signals
themselves and the time of transmission of a message from the mobile unit may
also be obtained from the CDMA signals. A cell site may use either the CDMA
signals to obtain time of receipt of a message at the cell site or time of transmission
of a message from the cell site or may use GPS time obtained from a GPS
reference receiver coupled to the cell site. The method shown in Figures 7A and
7B begins in step 302 in which a 911 message is transmitted from the cell phone
to a wireless cell based transceiver (at the cell site). This 911 message is typically
caused by a user dialing 911 on the cell phéne. The time of transmitting this 911
message is recorded at the cell phone and this time is typically transmitted from the
cell phone to the basestation or cell site. In step 304, the 911 message is received
at the wireless cell based transceiver and the time of receipt of this message is also
recorded. The time of transmission which is transmitted to the wireless cell based
transceiver and the time of receipt of the message which is recorded at the wireless
cell based transceiver is used to determine a cellular pseudorange for this 911
message and these times are typically forwarded to a GPS location server which
will determine the cellular pseudorange. In step 306, a GPS location server
receives the 911 request and determines aiding information for the GPS location
operation. In one embodiment, this aiding information may include Doppler
information for satellites in view based on the cell site’s location and a




need to be provided continuously. For exanple, only the first three frames
whi ch contain epheneris information rather than all 5 franes together may
be transmitted on a regular basis into the comruni cati on network 96. It

wi || be appreciated that in one enbodi nent of the present invention, the
| ocation server may receive the entire navigation nessage which is
transnmitted frormvopssse nore GPS reference receivers into tHRETHSPYBR in
order to performa nethod for neasuring tinme related to satellite data
nmessages, such as the nethod 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 terpm.-"satellite epheneris data"

i ncludes data which is only a portion of the satellite navigation nessage

. g. baud L
(e.g. 50 bau rressg%ﬁ%-&%u%ggﬁﬁn sa{ | myvx lcfh§ LI shﬁt?thxs a(ljch%gamt%%atﬂoex anpl e,

mat hematical repre te epherer |
the termsatelli teﬁémb#srcﬂésﬂa&?faw%%@ bP%dE{mSF“é‘é@th@e pepilerhare/GRS on of a
portion of the 50 batiterdThecehmiezanals drcindeflransinissibhe i fding Hfatichansm t t ed

froma GPS satel || ﬁ* mmﬁs&qnmﬂmmtﬂmﬁ%&ﬁmﬁa cence
e

recei ver 92 decoded nt .GPS .si gna t GPS
satellites in viewi®fo Tt %’H&%‘"PQEE‘%W@ 858? FHEHY F/tf de the

bi nary data out put n@nbwﬁF‘éﬁd@@ﬁ#@l‘h@lﬁﬂﬂeewﬁéﬁﬂﬂstpéﬁ@ﬂﬁéﬂbﬁhgn@ma Figure 6
shows an exanpl e ofmoaﬂemﬁtthndu IbieCapprediaig tha tHiselhpirgsedfdraigs ap bt Sdragsd Whi ch

Tessages in @ cell RSt (&&%ﬁkﬁ@ésﬂ&eﬁﬁt@%&tﬂe&@ ol time

nmeasurement s whi ch me. measurenents fromsatellite

posi tioni ng systens, SJBH BS Stp?é reqefyc{qquxvms@géﬂ{ngmomfgon
i nvention, the nessatpesrdsithettims Oésbélptbémmdoumfgmaaat i Tha time gfvadeipt map not

enbedded navi gat i 0|Be SthralRel fomiieGiorkRB6H if Yhe TTMA bikhabr Gy bé\sbtdidedhomi tter or

3{)?0 SP(?; ! hgfas ' gnalyg. . Rl aton iR 65§ sigrals it e S0 Yanf! &e,anq'éala'ﬂ]ieseahr}{e sxgqltala such as
from the GPS signals from GPS satellites. In step 310, the mobile unit receives
GPS satellite signals and records the time of receipt of these signals. The mobile
unit may record the time of receipt of these signals from time information in the
CDMA signal or in the GPS time signals in the GPS signals themselves. The
mobile unit also determines, in one example, at least one satellite pseudorange if
adequate signals from a GPS satellite can be obtained. Alternatively, the GPS
signals may be collected and buffered and transmitted (with a time stamp) to the
location server which determines the pseudoranges. In step 312, the mobile unit
transmits the satellite pseudoranges it has determined for the various satellites
which are in view and determines the time of transmission of these pseudoranges
and transmits this time to the cell site which will forward this time to a location
server. In step 314, the wireless cell based transceiver receives the satellite
pseudoranges and the time of col]ectib_xi of these pseudoranges and also the time of
transmission of the pseudoranges and also records the time of receipt of the
pseudoranges from GPS time obtained at the cell based transceiver. This
information is then forwarded to the location server which will perform the rest of
the calculations required in order to determine the position of the mobile unit. In
step 316, the location server determines at least one cellular pseudorange which
Tepresents a time of travel of a message in the wireless cell based communication
signals between the cell phone in the integrated cell phone/GPS receiver and the
wireless cell based transceiver. These cellular pseudoranges are determined from
the transmission and receipt times of a particular message embedded in the cellular



nmessages and the messages nmay be typically comunicated bi-directionally
bet ween the nobil e comunication system and the cell based transceiver or
cell site. These nessages may, for exanple, be Doppler or other aiding
information (e.g. approximate |location or tinme) provided fromthe cell site
to the nobil e i nygeatsed communi cati on systenm GPS recei ver aCTusIvEIsdbe t he
911 phone call from an integrated comuni cation system GPS receiver or it
may .be the pseudoranges to GPS satellites determ ned by the GPS receiver
whi ch are being comunicated fromthe nobile unit back to the cell site and
ultimately to a | ocation server as in one odi ment of the present

i nvention. Thus these messages are typically capabl e of bidirectional
communi cation and nmay be arbitrary data and are not enbedded navi gation
signal s. The net hodommuripsinmsignalsrilnsien318 thsdesatipn serversletemmineg theippsitigniofh GPS
signal s ar edr ecei \d/eakeli.ufes mehdpbhﬁbxeoﬂmet\ﬁgﬂeaﬁ@ub&@mcalmeﬁ&ts m@Rth S tie N G;S T
recei ver and pseu ] e : [ : ned. i's
one pseudor ange re%%@glgﬁ%‘ggw‘gimkﬁg’Pﬁ%@ngﬁb%%?ﬁ?%ggds??gshtgllhgg &%ﬂ@a GPS
satel lite to the nsSieranegssn g?%@f?“*ﬁ“%?"é‘ﬁ%ﬁ?“@%?%g%&emFF of a
message i n the w r ateiver at the flocition et vero Whapesition ofthe vaiclpssae bsedmansceivBisom t hi s
transnission, in st@fcn cofmuhiRinERRE tHe@HOBIN unitInafl 8¢ SotiMAHbm/H Hatibase
represents a time Ofm%a"cﬁies% Riol for e writell L vilkd t?aln?c%ﬁcrcleh]lc s,}’s?ese.d

conmuni cati on si gna‘Ys Bween the conmuni cation system’i n thé ntmegr at ed
communi cati on syst em’ GPEB ste@3@Phesrlocgtien ssrvgf then dstegmings|the pgsitienofitheScei ver at
the first cell sit aecelver/dell ghowe bbinat least thg ptdacings nntieGBhistatedine and seen’ GPS -

recei ver can coMUNLfai$seiiidringeEanani posiidd of HeldPS sattiieand MeSotiont dr b

neasur enent s t hat reﬁéesegﬁj t@g times o t.raagl\p/,e{1 o{1 thg.rregls%ﬁé‘sé.beg%z\een t he
mobil e unit and seVEFSSS EaPICLTIRE SR TPGEY &) IrFSHomg addeRalduRmalen. df £ f o ent
messages may be serflynae pieadprangeto Ay satelli i ohigirpblscthepasitio Enfwosi t es, and
the time measur enerdiGensipys) bfthohbhilenaitmby aillte daaminee seairiwo ddlialae ti me
measurements nmay bﬁ)sé\ﬁgﬁﬁgregdWE&xl@g s&aiiéegkéagor @s"l'g@rb@!a ﬁﬁ%d?fhgﬁ; Qééll_ulla@sed

seudor anges. Havi several cellul ar.. psSeudo e end to I ncrease
,P he chan Cgs of h aviP%‘a’daﬁ?&’??‘é‘é"-m magon wan anot'fller ce u[l]ag pseu(ygrange may provu?ea

three-dimensional position determination.

Although the methods and apparatus of the present invention have been
described with reference to GPS satellites, 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 psendorandom PN code (similar to a GPS signal)
modulated on an L-band carrier signal, generally synchronized with GPS time.
Each transmitter may be assigned a unique PN code so as to permit identification
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 pseﬁdblites or equivalents of
pseudolites.

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 applicable to similar
satellite positioning systems, and in, particular, the Russian Glonass system. The
Glonass system primarily differs from GPS system in that the emissions from



di nensi onal position determ nation, particularly if pseudoranges to at

| east two GPS satellites can al so be determ ned. -19- In step 207, the
positions of the GPS satellites at the time of collecting the data for
determning the satellite pseudoranges and the position of the wreless
cell based transceivers are determned. This position data will be used
with the pseudovemgsadata in order to deternine the positi oRCHUSPRP3hpbi| e
unit. In step 209, the position of the GPS receiver which is integrated

wi th the communication systemis determned fromat |east the pseudorange
to at | east one GPS satellite and fromthe time neasurenents of the nessage
in the wireless cell based communication spgnals and fromthe GPS satellite
epheneris data and the position of a wireless cell based transceiver which

was in comrunicatigon with the c nication system of. .t.he npbil e integrated
it Toptcal vt ROrBOREER o GRS Ot A IR SR

i nformati on such asamerdteneencigicmieithamiibizing differontipequdacmgormgodes| Thedery anot her
cel l ul ar pseudor angepsustd lfeirvin@idiesuch hlfenaiRegtdllies Poritiodlg ssteR§sage in the

wirel ess cell base%acﬂd%ﬁ%e%@ﬁ&x"&?&sé% gommuni cation system and anot her
r

w rel ess cell base afiscerver. [t wl e, appreci ated that where cellul ar
overl ay exists between @é‘l‘qufeéﬂwwgy?gé“% e IS FRYOM s ResnsipscabedvEih can

comruni cate with t ueferemk ko picifesxemplarykmbadimnents IERSL.slawdl, howeyer, breavigletteen
acquired and their pseude HdigREIEOIRICHANIS nay bR add 5 QitBRO &padhe avail abl e
for use in determ ?}oﬁghéé}gadgcosﬁfrﬂn‘a@co% o}ﬁl&n(l&t bx'x%.c,%’}éémnkh%agfzﬁd qnbodi ment,,
the nmobile unit itselt nmay determne”ItsS position By recerv ?g The

satel lite ephemeri $laimy Ihe sropfiqatien addraviges pre; scesdingly i baregadsd ™ sour ce
(e.g. through cell ihas®ite mtentham acedrictive ®hgnal s), recei ving or determ ning
satellite and cellul ar pseudoranges, and by using a | ocal database which
specifies '




the position of a particular cell site or cell sites with which it is
conmuni cating nessages in the cell based wireless comuni cati on system 1In
an alternative enbodiment, a client-server architecture is used in which
pseudor ange neasurenents are transnitted to a |location server, and the

| ocation serverrﬁﬁgﬂf{sﬁs the satellite epheneris data and algQusewSdsyes Ofr
ot herwi se deter e position of the cell sites which are conmuni cati ng
with the comunication systemin the integrated nobiTe unit—Before

descri bi ng anot her exanple of the invention, it is gﬁm ify

t he unknowns in the systemso that the m nipum set ﬂﬁmd t he
conbi nati on thereof can be considered. As #3r as a rehote SPSHre

concerned the unknowns are receiver clock error t(SPS rcvr), and (x,y,z)
for three-di mensi oAmgssi tioning or (xy) for -20- two-di nmensi onal
positioning. As faw1%§lsgla§&h;s site transceiver is concerned, the unknown is
the transceiver clo error t(cell trcvr). Cell site transceivers nust be
synchroni zed to some conmon systemtime be it GPS or sonme other tinme to be
useful- in ranging dppl i éamcthod for propessipgpasitiprinfrmation, sekaurthed comptisingce ti ne,
the cell site basestatlwaﬁ@aaspsbe:;ws?sﬁgda;smmhmanezm@m;e,ceII base

- synchroni zation timng grr %&P&&Jdcbﬂmﬁﬁ&u&? T Qe%%légﬁmgﬁoﬁrrors (1
nanosecond of tim ng error |s eqU| vaﬂl’\ﬁent g oot o rarlﬂm error
assunming that the signal pr PR ouReq fospid %%W‘Yff“}dl < ver, in the

derivation of a m ninum set t@ﬂscmmbmm@elbmsmmedlmlawelmsabb9P§ssurred t hat
t he synchroni zati on between r@@h&y&b@ﬁ&g&ﬁ@ﬂﬁﬁﬁﬁd\é&hﬁm&n&eﬁim% The | ocati on

of a transceiver antenna at sscell site is assuned to be precisely known.
Any error in the antenna |locatlioh translates into a cellul ar gseudorange
error. deterrmmngaﬁrst time measurement which represents a time of travel of a

messageé in said cell based communication signals in a cell based
communication system which comprises said first cell based
transceiver and said communication system;

determining a second time measurement which represents a time of travel
of said SPS signals;

determining a position of said SPS receiver from at least said first time
measurement and said second fime measurement, wherein said cell
based communication signals are capable of communicating data
messages in a two-way direction between said first cell based
transceiver and said communication system.

2. A method as in claim 1 wherein said communication system comprises a
mobile cell based transceiver which is integrated with said SPS receiver and
wherein said cell based communication signals do not include embedded
navigational signals.

3. A method as in claim 1 wherein said SPS receiver determines said second
time measurement which comprises a pseudorange to said at least one satellite and
said communication system transmits said psendorange and said first time
measurement to said first cell based transceiver which transmits said first time
measurement and said pseudorange to a digital processing system which
determines said position.



Two- di nensi onal._positioning is considered first. Three-dinmensional
positioning is a si nmpl e ext ensi on ef—atwo-di mensi onal case. In the case of
a situation of cell basestation tran m&wm‘l zed to GPS system
time, there is a total of three unknmﬂmml errors (x and y) and
one tenporal error. There is only one*t efporal® er'ror since the basestation
transcei ver clocWosgE€sd trcvr) and the SPS receiver clock t PEPSPRIPY) are
slaved to the common reference tinme. Another way of |ooking at this is to
consider the cellular pseudorange, which is the tinme of travel or
difference of two tinmes neasured by SPS receiver and cellular transceiver

cl ocks both synchroni zed to a common sourcez@f time - GPS systemtine.
Three unknowns require three independent neasurenents a conbi nati on of i

SPS pseudoranges ang | ra es. where i+ reater than or
equal to 3. The pre?erre m@‘ﬁ%@ﬁ"ﬁ% Wﬁh‘ﬂ] ﬁﬂs MAECeVEhst  one
cel lul ar basestati ofrﬁtqﬂﬁeenheé?nseefanbmsbesemw@ammiommﬁrsqen rements in
t he server/client abaslsdﬁa@&uaﬁndwp&émaﬂhpamnefﬂaﬁm%c%&mﬁhuﬁﬁ ion in

particular. Each i nﬂg,gggglsgggd %@fmw%&%t sﬁ?%ﬁlﬁg ep%m%ee] lja225€

transcei ver produci $$a tlpe pseu:‘?ora’nges

means i separate cef paggsta B%Ps%’?:‘f‘%f’t phird fipe megsueemeRtfbichs. |1 n t he
case of a situati onrepfesantsialtinef travehofiSPA Smds@mménssmmmtﬂmsms 0

non- GPS system ti rrerecélmbﬁ(b)ammﬁxﬁzﬁﬁrﬁéas@émén@wmcm&@&n@hm YarRq3fi al errors
(x and y) and two tmg{ﬁgss an%éiﬁ ilf Cgil}ﬂ\élggl %smsmdtf%ﬁg%trcvr)

error and the SPS recelver . unknowns
require four indepefRI¥RHNIGHERS °°’@“§%ﬁﬁ¢m@wamsYSt@P®dps@Moranges
and j cellular pseuchdirtasegemsvdwre I+] is greater than or equal to 4. For
I nstance, in the TDOA overl ay approach, each independent cellular
5. A method as in claim 1 wherein a time of transmitting said cell based
communication signals is recorded and a time of receiving said cell based
communication signals is recorded.

6. A method as in claim 5 wherein said time of transnumng and said time of
receiving determine said first time measurement.

7. A method as in claim 6 wherein said SPS receiver determines said second
time measurement which comprises a pseudorange to said at least one satellite and
said communication system transmits said pseudorange and said first time
measurement to said first cell based transceiver which transmits said first time
measurement and said pseudorange to a digital processing system which
determines said position. |

8. A method as in claim 7 wherein said digital processing system receives
satellite ephemeris data and obtains basestation position data for said first cell
based transceiver and wherein said position is determined from said pseudorange,
said first time measurement, said satellite ephemeris data and said basestation
position data.

9. A method as in claim 6 wherein said position of said SPS receiver is
determined from said first time measurement, said second time measurement and a



TDOA neasurenent requires a pair of cell basestation transceivers

generating time neasurenents. Thus, i cellular pseudoranges neans i+1
separate cel |l ul ar [ i e _neasurenents. For

t hr ee- di nensi onal positioni ng an addi ti on unknown z, there
is a need for anweadgs4dszonal | mz, rrent Thi's nMeReIasSewEe can
be an additional cellular or SPS psewdo * a neasurenent based on

some estimate of the altitude within the area of interest (altitude

ai ding). Anot her exanple of a nethod according to the present invention

wi Il now be described while referring to Epgures 7A and 7B. In this
exanple, the integrated mobile unit nmay be an integrated cell phone/ GPS
recei ver which uses a CDVA type cel | based comuni cation signal protocol.
Thus, the tine of Hiwdimsmeggurementadichyepresents 3fmeRirYeLof§ES sigply T obt ai ned
fromthe CDVA si gnahaher BPSrellize sad 8PS keeiter.ne of transm ssion of a nmessage
fromthe nobile unit may al so be obtained fromthe CDVA signals. A cell
site may use either the CD als t.0 _obt cei pt of a nmessage
at the cell site ordtin®™% % L VREFFIn a§£§ ?glgtgﬁ‘g h?g‘r’ﬁpt“%ﬁn site or
may use GPS tine omra|oﬁ@aewmat§ﬁsélsmﬂsmrse*f!§l>§ﬁé@vqr Blaermived froupiRsd to the cell
site. The nethod skigws, fibmkisigle SBS sufelletavii dlegi daisouhtdf SifwPatidhduibm Whi ch a
911 nmessage is transnmitted fromthe cell. phone to a wireless cell based
transcei ver (at the_cell si This 911 nessage is typi.cally caused by a
user dialing 9 11 di théfné@?‘?g-‘dﬁﬁ}ﬂgl5‘1*}?&“{%3’,‘?@61%?38@6%%131}1?8{1%5 gnalipe 911
message i s recor dedsetto ¢dmemwisht Dpppierénfermdtiantof sateflitesdn view 0£59idSRB Iregeiver
transmtted from t hesatedps reteRagrolnkaidfies: MRS BhrsivePdnd €domnsinice sdid? St ep

304, the 911 rressagec()?ds?reﬁgasyrggen%S&Qﬁm}/\&h%&gg&nﬁﬁh based_ transcei ver and

the tine of receipt O 1'S nmessage SO recor The tinme of

transm ssion which is transmtted to the wireless cell based transceiver
and the tinme of red@i pt Aafethol for preessingepositiorcinforgatioeinardipitel paécedsing Wi r el ess
cel | based transceigygdm, gagdg,g@@h&g,pgg{,germ ne a cellular pseudorange for this

911 message and these t es. ar C rded to agion
server- which will deter gﬁ%:%{’)’k 1%6 3%“158 c%ﬁﬁ%scmf nug‘it’gslpu%g £ a GPS
| ocati on server message in cell based commumcanon signals in a cell based

communication system which comprises a first cell based
transceiver which communicates with said digital processing
system and a communication system which communicates in a
wireless manner with said first cell based transceiver;

determining a position of a SPS receiver from at least said first time
measurement and a second time measurement which represents a
time of travel of SPS signals received at said SPS receiver which is
integrated with said communication system and is remotely located
relative to said first cell based transceiver and said digital
processing system, wherein said cell based communication signals
are capable of communicating messages from said communication
system to said first cell based transceiver.

13. A method as in claim 12 wherein said cell based communication signals are
capable of communicating messages bi-directionally between said first cell based
transceiver and said communication system and wherein said position of said SPS
receiver is determined from said first time measurement, said second tirne
measurement and one of (a) a third time measurement which represents a time of



recei ves .the. 911 request and-.deimes aiding information for the GPS

| ocati on operation. In one enb th| ) a‘rE I ng informati on may i ncl ude
Doppl er information for sateII U‘ d on the cell site's
| ocation and a -22- speci f| ellites in view. The server
transmts this aiding information throu gh he cell site (th s cell
based transcei vé‘f‘%”{sgﬂc he nobi | e phone/ %PS receiver. The(ce?‘r’msglgﬁbﬁéecords
the tine of transm ssion of this aiding information. The recorded tinme wll
be used in conjunction with the time of receipt at the nobile unit of the
aiding information to determ ne another cellul ar pseudorange whi ch nmay be
used to determ ne the distance between thi2-particular cell site and the
nobile unit. It will be appreciated that this cellular pseudorange may be

averaged with ot he éfﬁ&ixg site and
the nmobile unit. I%a‘geﬁé##\%g{én@ sﬁéﬁl %%éére el ver %gcel ves the

ai di ng i nformation OéEHH“ %I?B‘fsﬂﬁmf'ﬁg ‘WB"" tstaé‘&il" bravelrof anpther mesgags in

i nformation. The t saikcelbasedenminpinicatiop Sigealubsadcn@(baa‘ed comuinipationrsyssenarat i on i n
the CDVA signals Okhi¥RYorkRis&/kia bat@funidaBon siysiéin hdMRothdd b BEBAInAMsceiPer GPS
signals if the nobile unit can read these tinme signals fromthe GPS signals
fromGPS satellites. In step 310, the nobile unit receives GPS satellite
signal s and recor dd4¢ heAFFﬁ‘i‘Ed@ﬂ“?lﬁ@elﬁﬂfhm@*“si‘lﬁ&?@a@ismnéewméﬂ%ﬁsl e unit
may record the time of receipt of these signals fromtine information in

the CDMA signal .orqsn t&ﬁe@ﬁ’&sﬁdﬁﬁmﬁb%@ﬂeﬁs&x&‘ Jc&ﬁuﬂa‘%&eﬁgu%@mstheﬁse' ves.
The nobile unit al s0 dete(é- PS?S Eerrg east one satellite
pseudor ange i f adea 'bsﬁ{él Fﬁt’aan@ 83 F%‘HeF?“&“E‘ﬁﬁ‘eﬁsé‘mﬁﬁf“df ned.

Al ternatively, thetapsitsf famisaid pagymusication| syuem wdaid firgt ¢l bised tahsesingr.
transmtted (with a tinme stanp) to the |ocation server which determnes the

pseudor anges. In stgp 3&@5 u?aginlE%@eﬁs&ﬁ@éﬁ%sﬁ?aﬁnﬂ%ﬁéﬁ&%ﬁnh&ﬁo

seudoranges it has determ or ous sate
P g notqnc ude embedded navxgauona.l 31

17. A method as in claim 15 wherein said second time measurement comprises
a pseudorange to a SPS satellite and said first cell based transceiver transmits said
pseudorange to said digital processing system which receives satellite ephemeris
data and obtains basestation position data representing a position of said first cell
based transceiver, and wherein said position of said SPS receiver is determined
from said pseudorange, said first time measurement, said satellite ephemeris data
and said basestation position data.

18. A method as in claim 17 wherein a time of transmitting said message in
said cell based communication signals is recorded and a time of receiving said
message in said cell based communication signals is recorded.

19. A method as in claim 18 wherein said time of transmitting and said time of
receiving determine said first time measurement.

20. A system for processing position information, said system comprising:
a SPS receiver which receives SPS signals from at least one SPS satellite
and a communication system coupled to and integrated with said
SPS receiver;



which are in view and determ nes the tirre of transm’ ssion of these

pseudoranges and transmts this tine t ich will forward
this time to a location server. In ste w !ss cell based
transcei ver receives the satellite pse ti rre of collection

of these pseudoranges and also the tinme of transni ssion of SEuddstresor anges
and al so recor d¥O®H¥'®i e of recei pt of the pseudoranges from Stine
obtained at the cell based transceiver. This information is then forwarded
to the location server which will performthe rest of the cal cul ations
required in order to determne the position of the nobile unit. In step
316, the location server determ nes at | e&9 one cellular pseudorange which
represents a tinme of travel of a nessage in the wireless cell based

communi cation signal s Qx}gse ﬁ@as%@eang&weﬁﬁgm@ 3{2, smesgeﬁﬁv@ s&a"

phone/ GPS recei ver and t w rel ess ce| ver . e cellular
pseudor anges are det er ni ned> PrEHvEHE F?‘%‘H‘é”f‘ﬁa?éfncﬁi’“ o PEROES mes of a
particul ar nmessage enbeddeccommupipaion sxfsten using cell baged comumnmeatipesignalsh si gnal s.

In step 318 the locati qR; &ﬂ@(ﬁéss:ﬂ@iy@f’eﬁi\caﬁﬂedtbﬁmd)ﬁﬁdcﬂlBﬂedﬁ'an&c%ivﬁ kdid es and

the position of the wireles ISeelver

communi cation with the mblf%&g‘%}l’l’% }%gﬂél{mc on ”fp%flﬁm%%g sa?el lites may
be determined fromthe GPS reqsver feam e lﬁgﬁmremsmeaswamraﬁn%wmﬁa{m@s
reference receiver at the |mneatremdnt, sherneinrsaid Tirsetippomedsuremen teptesantsva r el ess

cel | based transceivers W“'&&%ﬁﬁl&%@ﬁé&@@ﬁk&ﬂ%ﬂﬂaﬁeﬁcéﬂ&ﬁuﬂ&%ﬂe uni t rmay
be obtai ned from a dat abase, ch s | €S a(§05|t|o each w.rel ess

cel | based transceiver in t‘cﬁ%' atc asF CorRp %Syitmwnfﬁfé% 7] o §§Fver t hen
determines the position of fisise dr@@&ﬁeverrapéealdcwmn@atfqn@mtmmbast t he
pseudor anges to the GPS sat whdrdit Qidaedbnd lifie fedsindnant rgpfesential tniegd gavehd t he

position of the GPS satellijf®&s §P§sz§xﬁfs Qfa?&&}e&'}aﬂfceﬁﬁ? &/@oﬁﬂugé&ogel | based
transcei vers and typically at aEeast t | onal ormat | on.
sign arecapa of communicating data messages matwo-way

direction between said first cell based transceiver and said

communication system.

21. A system as in claim 20 wherein said cell based communication signals do
not include embedded navigational signals.

22. A system as in claim 20 wherein said SPS receiver determines said second
time measurement which comprises a pseudorange to a SPS satellite and said
communication system transmits said pseudorange to said first cell based
transceiver which transmits said pseudorange to said digital processing system.

23.  Asystem as in claim 22 wherein said digital processing system receives
satellite epheméris data and obtains basestation position data for said first cell
based transceiver and wherein said position of said SPS receiver is determined
from said pseudorange, said first time measurement, said satellite ephemeris data
and said basestation position data.

24. A system as in claim 23 wherein a time of transmitting said message in said
cell based communication signals is recorded and a time of receiving said message
in said cell based communication signals is recorded and wherein said time of
transmitting and said time of receiving determine said first time measurement.



only one pseudorange to a GPS satet+t+e—is—obtainahle, the position (in
two- dinensions) of the nobile unit ' erm ned by using two
cel l ul ar pseudoranges. Wen two satH"mm"muyﬂmames may be obt ai ned,
then a cellul ar pseudorange in conbinatda on Wst Ns her cellul ar
pseudorange may provide a three-dinensional position determ nation.

Al t hough the nmewbessarsand apparatus of the present inventi ofCHEVEYE.N
described with reference to GPS satellites, it will be appreciated that the
teachings are equally applicable to positioning systens which utilize
pseudolites or a conbination of satellites and pseudolites. Pseudolites are
ground based transm tters which broadcastsg pseudorandom PN code (simlar
to a GPS signal) nodul ated on an L-band carrier signal, generally"
synchroni zed with GPS tinme. Each transmitter may be assigned a uni que PN
code so as to permt identification by a renote receiver. Pseudolites are
useful in situati @s wheysencpd duim4whereinsiidd massegeispmprises ssidt el | it e mi ght be
unavai | abl e, such paséudbidtigeel s, m nes, buildings or other enclosed areas. The,
term"satellite", as used herein, is intended to include pseudolite or

equi val ents of pseudolites, and the term GPS signal s, ; asDused herein, is

i nt ended to incl ud® GPASYSiqELasdn imy TESHE B HtRe comerisey Dopplst val ent s of
pseudol ites. |n t liformatiorefr sagllitisswview pisaidiSR8 raceiveent i on has been descri bed
with reference to application upon the United States d obal Positioning
Satellite (GPS) S?Qt Sl sI sttexg abs%? J:lgm% 4eﬂ%h meQQ Vc\%é{rﬁ";risest arﬁtl-lilcpese et .hOdS
are equal ly applicabl e %) Simlar satellite pOSI%IO ng systens, and in,
particul ar, the RURSIEHIrep SALCTMIICIORSYSFRe G onass system primarily
differs fromGPS systemin that the em ssions from -24- different

Za]&?' i ttes are di ffger etshdnSsh if SR ARMeRMILAPbsitdNM ofald IPBIrGIvalid ght |y
| eren

determined from said pseudorange, said first time measurement, said satellite
ephemeris data, said basestation position data and one of (a) a third time
measurement which represents a time of travel of SPS signals from another SPS
satellite to said SPS receiver, or (b) a fourth time measurement which represents a
time of travel of another message in said cell based communication signals in said
cell based communication system which comprises said communication system
and another cell based transcéiver, or (é) an ai:proximate altitude of said SPS

. receiver. '

29. A method as in claim 6 wherein said position of said SPS receiver is
determined from said first time measurement, said second time measurement and
one of (a) a third time measurement which represents a time of travel of SPS
signals from another SPS satellite to said SPS receiver or (b) an approximate
altitude of said SPS receiver.

30. A mobile integrated system comprising a satellite positioning system (SPS)
receiver and a cell based communication system, said mobile integrated system
comprising: _

' a SPS receiver capable of receiving SPS signals and providing data for
determining a first time measurement which represents a time of
travel of SPS signals from a SPS satellite to said SPS receiver;

a communication system capable of communicating in a wireless manner
with a remotely located cell based transceiver and capable of



carrier frequencies, rather than _utilizing different- pseudorandom codes.

The term "GPS" used herein include by i satellite positioning
systens, including the Russian G oaﬂﬁlgm’m“!mmﬁe f or egoi ng
specification, the invention has b edswith reference to specific
exenpl ary enbodi nents thereof. It will, however, be evident g-RakeoXdss OUS
modi fi cati ons aW@%FPges nay be namde thereto without departing fromthe
broader spirit and scope of the invention as set forth in the appended
clains. The specification and drawi ngs are, accordingly, to be regarded in
an illustrative rather than a restrictive sense. -25- What is clained
Is: 1. A nmet hod for processing positiom3infornation, said nethod
conprising: receiving in a SPS receiver SPS signals fromat |east one SPS

satellite; transmtting cel Lrobafedat aorabitintifhg PRcohtt 88 hiSasBRind Which
comuni cati on system coupl ed to I.ver and ia.bf 'drst cell based

ald espgaw; zc essage 1 cel
transcei ver which is rermtefe‘yref)e&_lat%rfg X ?aatlln\f%g?o Sal d SPS recei ver
wherein said cel | based conRemRexeationhsignalybeiwsensaid copmunication sygemaidyi ni ng a
first.tinme measurenment whi Ckaid pioebdatatedell base taxhscéiverwetleredf said celblssaige 1 n

said cell based communi catigwﬁlgﬁgéﬁﬁ%&swgmegm‘ﬁg MeGsagdsON System

whi ch conprises said first ranscel ver and. salmyéci)m%ni ation
system deternining a secondHFTEAHSIRTPUMYAT SYRRT ﬁa@g?gqgeé% OLUSE Y e of
travel of said SPS signals; based tansceivengnd whersin saidbBPSotcetvgl iy cpled tasaidi ver
fromat least said first ti Bmmunication system. '

31. A mobile integrated system as in claim 30 wherein a position of said
mobile integrated system is determined from a combination of at least said first
time measurement ard said second time measurement.

32. A mobile integrated system as in claim 31 wherein said SPS satellite is a
GPS satellite which is orbiting the earth, and wherein said combinationisin a
measurement domain defined by said first and said second time measurements.

33. A mobile integrated system as in claim 30 wherein said cell based
communication signals do not include embedded navigational signals.

34. A mobile integfated system as in claim 30 wherein said mobile integrated
system determines said second time measurement.

35. A mobile integrated system as in claim 31 wherein a remotely located
digital processing system determines said second time measurement and said
position. '

36. A mobile integrated system as in claim 34 wherein said mobile integrated
system determines a position of said mobile integrated system.

37. A mobile integrated system as in claim 31 wherein said position is
determined from said first time measurement and said second time measurement
and one of (a) a third time measurement which represents a time of travel of SPS
signals from another SPS satellite to said SPS receiver or (b) a fourth time



measurenent and said second tine neasurepent —wherein said cell based
comuni cation’signal s are capabl e of i ' ta messages in a
two-way direction between said fi rsjlmm\“ﬂﬁﬂuﬁ'ﬁcei ver and said
comuni cation system 2. A et ho LCl @l erein said '
comuni cati on system conprises a nobile cell based transceiver which is
integrated with seo®s885 recei ver and wherein said cell based@@¥AHat i on
signals do not include enbedded navigational signals. 3 . A nmethod as in
claim 1l wherein said SPS receiver determ nes said second tinme neasurenent
whi ch conprises a pseudorange to said at | east one satellite and said
comuni cation systemtransmts said pseudorgyge and said first time
measurenent to said first cell based transcelrver which transmts said first
ti me measurenent and said pseudorange to a digital processing system which
det er ni nes sai d posmepyYppment whichgepresents a tie gf fravedof pgother messgeein 3aidally ej n sai d
digital processing dyeiemmmieiionsignasinshill cdlibased lvemmaunistidmsyatemmwhichbt ai ns
basestation positi oRygsdses Jaﬁrcoﬁﬁhnﬂc&ibﬁsé&teﬁ%da&&%&‘éﬂ%&s@&‘&ﬁﬁée‘ﬁéﬁ and wherein
said position of said SPS receiver is determ ned from sai d pseudor ange,
said first tine neasurenent, said satellite epheneris data, said

basest ati on positi od8dat A mehile intgrated system aginclaim 32 wherin seiskmebile intagratedhi ch
represents a tine Ofsystontréedivepiatefittephénpiia iaa fof aneasusait BPS satflifie mahidkdli te to
sai d SPS receiver Ok,LRlofimldtiddsidny@® Measurenent which represents a tinme
of travel of another nessage 1n said cell based communication signals in
said cell based conmuni cation system which conprises said conmuni cation
system and anot her cell based transceiver.



5. A nmethod as in claim1 wherein a tinme of transnmitting said cell based
conmuni cation signals is recorded and a tinme of receiving said cell based

comuni cation signals is recorded. 6. A nmethod as in claim5 wherein
said time of transmtting and said tinme of receiving determ ne said first
time measurenent. 7. A nmethod as in claim6 wherein said SPS receiger

det erni nes sai d sWeAHYRi me measurement which conprises a pselTEVPSNEE o
said at | east one satellite and said comruni cation systemtransmts said
pseudorange and said first tine neasurenent, o said first cell based
transcei ver which transmts said first ti md/8easurement and said
pseudorange to a digital processing system which determ nes said position.
8 . A nmethod as in claim7 wherein said digital processing system
receives satellite epheneris data and obtains basestation position data for
said first cell based transceiver and wherein said position is detefgr ned
fromsaid pseudorange, said first time neasurenent, said satellije
epheneris data and sai d basestation position data. 9 . A nmethod as in
claim6 wherein said position of said SPS receiver is determned fromsaid

first tinme neasurenent, said second measur enment 1P a -27- third
ti me neasurenent which represents 22r avel als from
anot her SPS satellite to said (@ A inclaim6
wherein an SPS receipt tinme Ahi Jenty [ gceNVi ng SPS
signals in said SPS recei vgr is | 1 ‘ i roma single
SPS satellite, having a |¢ [ s { . A net hod
as in claim6 wherein said ce at i 0

' 28

27 |

16

23 - 28 24
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used to comruni cate Doppler information of satellites in view of said SPS

receiver to said SPS receiver fromsaid first cel
conmuni cate said second tine nmeasurenent to said first cel
transcei ver.

digital

12.

measur enment whi sio ®s4752sents a tine of travel
comuni cation signals in a cel

a first cel

based transceiver and to
based

A nmet hod for processing position information in a
processi ng system said nmethod conprising: determning a first tine

| of a nessage FGI/EaVI7"Based
based comuni cati on system whi ch conpri ses

based transcei ver which comupicates with said digital
processi ng system and a communi cati on sys whi ch communi cates in a
wreless manner with said first cell based transceiver; determning a
position of a SPS receiver fromat |least said fir ti me measurenent and a
second time neasurenment which represents a timyﬁ) travel of SPS signals
received at said SPS receiver which is integrated with said conmunication
system and i s renot ely -+ ocated-+etatjve to said fi+st—eeld—based

transcei ver and said,;digital procesqlng system erein said celh based

conmmuni cati on si gnal de lcap@dhl e of‘¢mmnunicatin . gKBbfroanﬁmd

comuni cation systemtd sai §-Afirst CPL4 based trans 7 13. met hod

as in claim12 wherein Sara cell basgd comruni caty or nal s arelcapable of
el | hased '

comuni cati ng nessages bi-dire%;ion | |y between said first
transcei ver and sai djcommuni catfi qpgsyst em and wheyei n_said Yoggijon of said

SPS receiver is detejm ng saidy first tinme asu t al § second
time neasurenent andlioneﬁ g:leh?%g a th% rd ti rre-rreagﬁre h

rgpresents a
ti me of -28- | |

_____ L___%___J

FIG. 2
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travel of SPS signals from another SPS satellite to said SPS receiver or
(b) a fourth time nmeasurenent which represents a tinme of travel of another
nessage in said cell based comrunication signals in said cell based

comuni cati on systen1mhich conprises sai d communi cation system and anot her
cell based trans A method as in claim13 wherei | ssages
conpri se voice n@@?ggé? A nethod as in claim13 mhereﬂ%ﬁgggb secogd
time measurenent is deternlned in said SPS receiver, and wherein said
second time neasurenent is transnltted fronkggld conmuni cation systemto
said first cell based transceiver. hod as in claim215 wherein
said cell based comrunication signals do not include enbedded navi gati ona

signals. 17. A nmethod as in claim 15 wherein said second tinme nmeasurenent
conprises a pseudorange to a SPS satellite and sai_d fi r based

data representing a [ ) SﬂMEald first cel
wherein said positioR ofSwieting Ganery edei ver is dgte
pseudorange sai d fifst tor handrbasedir ermey

| Phame System Swleh(es)

time of transmitting saldxﬁhﬁsmgﬁ i | d cell ba e@WW

is recorded and a ting 0O nmessage i

comuni cation signals is rec ded. 19. A net h6i as in C 18 wherein
said tinme of transmtting anq said tine of receiving deterjmne said first
ti me measurenent. 20. A syemfor processing position iwformtion, said

one SPS satellite and 4 epErnineal [083system coupl ed t Gthestertdebepr ated with
said SPS receiver; <} T
I - 54

Data Processing Unit < —————> Gpgpgggﬂver 56
(e.g., Computer System)

system conprising: a SFS nssmEmer Which receives SPS|signpEf dr roF at | east

\ 51 ¢ 55
Mass Storage
5 (e.g., for Software)
MODEM or 5o and Storage for Cell-based
Other Interface : Information Source

To/from Other
Processors
(e.g., Computers on
Network or
Through Phone System)

64

N5

FIG. 3

SUBSTITUTE SHEET (RULE 26)



-29- a first cell.based transceiver which is renptely positioned relative
to said SPS receiver and communicates in a wireless manner with said
conmruni cation systemusing cell based comunication signals; a digital
processi ng systemcoupled to said first cell based transceiver, said
digital processing systemdetermning a position of said SPS receiver from
at least a first WoMS4Heasurenent and a second time nmeasur eret@T/USGIEPRS| n
said first time nmeasurenent represents a tine of travel of a nessage in
said cell based conmunication signals in a cell based comunication system
whi ch conprises said first cell based transef8ver and sai d conmmuni cation
system and wherein said second tine neasurenent represents a tine of

travel of said SPS signals, and wherein said cell based communication
signals are capabl e of conmunicating data nmessages in a two-way direction
between said first cell based transceiver and said conmmunicati on system

21. A systemas in claim20 wherein said cell based conmunication signals
do not include enbedded navi gati onal signals. 22. A systemas in claim20
wherein said SPS recei ver determ nes said second tinme neasurenent which
conprises a pseudor ang§ |Zo ?78PS satellite and sal yaruni cati on system
transmts said pseudorahge to said first cell based transceiver which
transmts sai d pseuderafeget-o—Sti-tti-git-td—pi-06-e5cHR .
systemas in claim 32 wherein said digital processilng systemreceive
satellite epheneris |dat nd obtains basestation pgsition data for spid
first cell based trgnscej in said pogitiion of said SPS receiver
is determ ned from qai d jpseudorange, saild first tingb RikiSAENt

satellite epheneris |data and s&P® basest|gLi Q)D pEsi t "ongylala.
Receiver 80 Transceiver

k76 (73

K‘75

(7]
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24. A systemas in claim23 wherein a tinme of transmtting said nessage
in said cell based communi cation signals is recorded and a tine of
receiving said nessage in said cell based-conmunication signals is recorded
and wherein said time of transmtting and said tine of receiving determ ne
said first tinme_neasurenent. -30- 25. A systemas in claij éﬁﬁ¥€erein
sai d nessage coﬁ????g? sai d pseudorange. 26. A system as ?ﬁt@F 4
wherein said nessage conprises Doppler information for satellites in view
of said SPS receiver. 27. A systemas in z!ain124 wherei n sai d nmessage
conprises a 911-1i ke nmessage fromsaid co ication system 28. A system
as in claim24 wherein said position of said SPS receiver is determ ned
fromsaid pseudorange, said first time neasurenent, said satellite
epheneris data, said basestation position data and one of (a) a third tine
measur enent which represents a tine of travel of SPS signals from another
SPS satellite to said SPS receiver, or (b) a fourth time measurenent which
represents a tinme of travel of another nmessage in said cell based

conmmuni cation signals in said cell based conmunicati on system which
conprises said comruni cati on system and anot her cell based transceiver, or
(c) an approximate altitude of said SPS receiver. 29. A nethod as in
claim6 wherein said position of said SPS receiver is detghnined fromsaid
first tinme nmeasurenen abg second tine measurenent aw Ghe of (a) a third
time nmeasurenent which presents a tinme of travel of SPS signals from
another SPS satellite tjo said SPS receiver or (b) an approxinmate altitude

of said SPS receiver. 92
4 0 /95
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Receiver ) > Interface
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30.
(SPS)
i ntegrated system conpr

A_nmobi l e integrat

recei ver and a cel

ed systemconprising a satellite positioning system
based comruni cati on system said nobile

i sing: a SPS receiver capable of receiving SPS

signals and providing data for determining a first time neasurenent which

represents a tinme of tr
receiver; a conWOWEER|
manner with a renotely
-31- providing data for
represents a tinme of tr

avel of SPS signals froma SPS satellite to said SPS
on system capabl e of comruni cating I & ess
| ocated cell based transceiver and capabl e of
determ ning a second tine nmeasurenent which
avel of a nessage iG/8ell based conmunication

signal s between said communi cation systemand said renotely | ocated cel

based transcei ver, wher

ein said cell based communication signals are

capabl e of communi cating nessages between said communication system and

said renotely | ocated cel

based transceiver. and wherein said SPS receiver

Is coupled to said co
as in claim30 wherein
determ ned from a conbi

oA Siiha e
nBpgudarapge wh%f?@%

fegraf ed system
eneignal £som a GR iteta the

said second time neasur

31 wherein said SPS sat
earth,

systemas in claim30
I ncl ude enbedded navig

and wherein said conb
said first and sai d seqgesrs

mifich Legt DB
TS T T @%ﬁ% %i%\g%

ination is in g nmeasurenent domai n defined by
Hre—reasterent s . A—rrobte—tnj egr at ed
er EiansibWircless CeltBased CommunicativaSignalssi ghal s do not
t Betwaén 8 Comariupication System Which is Integrated With | _ »q3

the Mobile. GPS Receiver and a First Wireless Cell
Based Transceiver (Such as a Cellular Telephone Cell Site)

v

Determine Time Measurement Which Represents a Time of
Travel of a Message in the Wireless Cell Based
Communication Signals Between the Communication System
and the First Wireless Cell Based Transceiver

!

Detéfmine Position of GPS Satellite and
Position of 1st Wireless Celi Based Transceiver

Determine Position of GPS Receiver From
Pseudorange to GPS Satellite, Time Measurement
of Message in Wireless Cell Based Communication Signals,
GPS Satellite Ephemeris and Position of First Wireless
Cell Based Transceiver and at Least one of
-(a) Another Pseudorange to Ancther GPS Satellite, or
(b) Another Time Measurement of Wireless Cell Based

Signals Between the Communication System and
Another Wireless Cell Based Transceiver

— 205

— 207

— 209
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34. A nmobile integrated systemas in claim30 wherein said nobile

I ntegrated system determ nes said second tine neasurenent. 35. A nobil e

i ntegrated system-as in claim31 wherein a renotely | ocated digital
processi ng system determ nes said second tinme measurenent and said
position. 36. A mobil e integrated systemas in claim34 wherg) pd
mobi | e i nt egr at eWOSYEHFEmM det ermi nes a position of said nobile ?ﬁ?ﬁg?%ted
system 37. A nmobile integrated systemas in claim31 wherein said
position is determned fromsaid first tinﬁg asurenent and said second
time measurenent and one of (a) a third ti measur enent which represents a
time of travel of SPS signals fromanother SPS satellite to said SPS

' b f t T e | t ti
of travel of ahot he(r)u;re,sagg'%mfm%g'ﬁg;’ SSR0R 100 gﬁ%@i{%ﬁﬁ@ﬁaii gnal's in
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Receive E9'11 Message at Wireless Cell Based Transceiver _
and Record T (GPS Time of Receipt of E911 Message |- 304

at Transcelver (Cell Site))

!

Location Server Receives E911 Request and Determines
Aiding Information (e.g., Dopplers for Satellites in View Baseq
On Cell Site's Location) and Transmits Aiding Information | 306
Through Cell Site to Mobile Phone/GPS Receiver; Cell Site
(Wireless Cell Based Transceiver) Records Time of Transmissirn

of Aiding Information to Mobile Phone/GPS Receiver
(Time = Tg)

Mobile Phone/GPS Receiver Receives Aiding Information

and Records Time (T4) of Receipt of Aiding Information  }— 308
(e.g., From Time Information in CDMA Signal)

!

Mobile Receives SPS Signals and Records Timeof |
Receipt of SPS Signals (e.g., From Time Information in 310
CDMA Signal) and Determines at Least One Pseudorange

!

Mobile Transmits Pseudoranges and Time of Collection
of Pseudoranges and Determines Time (T5) of Transmission

of Pseudoranges (e.g., From Time Information in CDMA
Signal) and Transmits T,
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Wireless Cell Based Transceiver Receives Pseudoranges,
Time of Collection of Pseudoranges and Tg and Records

Time Tg (Time of Receipt of Pseudoranges From GPS

Time From GPS Signals at Cell Based Transceiver) and
Forwards This information to Location Server

~— 314

!

Determine Time Measurement (e.g., "Cellular Pseudorange”)
Which Represents a Time of Travel of a Message (In the
Wireless Cell Based Communication Signals) Between the
Cell Phone in the Integrated Cell Phone/GPS Receiver
and the Wireless Cell Based Transceiver

— 316

!

Determine Position of GPS Satellite(s) (GPS Satellite
Ephemeris Data) and Position of Wireless Cell Based
. Transceiver .

318

l

Determine Position of GPS Receiver/Cell Phone From
Pseudorange to GPS Sateliite, Time Measurement of
Message in Wireless Cell Based Communication Signals,
GPS Satellite Ephemeris Data, Position of Wireless
Cell Based Transceiver AND at Least One of
(a) Another Pseudorange to Another GPS Satellite, or
(b) Another Time Measurement (*Another Cellular
Pseudorange") of Wireless Cell Based Signals
Between the Integrated GPS Receiver/Cell Phone
and Another Wireless Cell Based Transceiver

FIG. 7B
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