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message, both satellite positioning data as well as data on clock timing which
specifies the position of a satellite at certain times; this data is often referred to as
satellite ephemeris data. Conventional SPS receivers typically search for and
acquire the SPS signals, read the ephemeris data for a multiplicity of satellites,
determine pseudoranges to these satellites, and compute the location of the SPS
receivers from the pseudoranges and the ephemeris data from the satellites.

Conventional SPS systems sometimes use altitude aiding to assist in two
situations; a case of bad satellite geometry, or a lack of measurements for three -
dimensional positioning. For most cases, bad satellite geometry is caused by poor
observability in the vertical direction. For instance, if the unit vectors to all of the
satellites being used in the solution lie on a cone of arbitrary half-angle, then it is
possible to place a plane on the top of the tips of the unit vectors if the unit vectors
only span a two-dimensional space. The error in the third direction or dimension,
which is perpendicular to the plane, is unobservable; this is referred to as a
singularity condition. In urban canyon environments with tall buildings
surrounding the GPS receiver antenna, the only satellites that are visible are those
at high elevation angles. These signal conditions are similar to the singularity
condition described herein. Also, large multi-path errors tend to cause large errors
in the verticat direction.
Conventional altitude aiding is based on a pseudomeasurement of the

altitude that can be visualized as a surface of a sphere with its center at the center of
the earth. This sphere has a radius which includes the earth's radius and an
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use of only three GPS satellites. The estimated altitude is typically derived from

mapping information such as a topological or geodetic database. In this

configuration, the altitade information of a basestation may also be available. .

A weakness of this approach is that an initial two-dimensional solution is
typicaily made before an altitude aiding with a reasonable altitude estimate can be
applied. The altitude can then be extracted from a vertical database as a function of
latitude and longitude coordinates.

While the foregoing approaches provide certain advantages from the use of
altitude information, they do not work well in the case of a distributed processing
system where a mobile GPS receiver may be located in any position over a
relatively large geographical area. Moreover, these prior approaches use altitude
information with all available pseudoranges even if a particular pseudorange is
faulty.

SUMMARY OF THE INVENTION

The present invention provides various methods and apparatuses for
determining a position of a mobile satellite positioning system (SPS) receiver with
the use of altitude information. In one example of a method of the present
invention, a cell object information is determined. This cell object information
comprises at least one of a cell object location or a cell object identification. In one
éxample, the cell object may be a cell site and the identification may be an identifier
of the cell site and the location may be the latitude and longitude of the cell site.
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may be derived from a cell based information source in a cell based communication
system or may be an average altitude or other mathematical representation of
altitude or altitudes of an area of coverage of a wireless basestation in a non-cell.
based system. In one implementation, a comparison of the estimate of the altitude
1o an altitude that is calculated from pseudoranges to SPS satellites (or from
pseudoranges and the altitude pseudomeasurement) determines the condition of at
least one pseudorange between an SPS satellite and the mobile SPS receiver: In
another implementation, the altitude pseudomeasurement may be used as a
redundant measurement (with pseudoranges to SPS satellites) and fault detection
and isolation techniques may be employed using the redundant measurement to

. determine the condition (e.g. faulty or non-faulty) of at least one of the
pseudoranges or a navigation solution. In one embodiment of this example, the
position is determined from a position solution algorithm, and if the condition of a
pseudorange is in a first state, such as a non-fault state, the at least one
pseudorange is used in the position solution algorithm. A re-computation of a
navigation solution may be performed using only non-faulty pseudoranges (afier
faulty pseudoranges have been identified and excluded from a re-computation of a
navigation solution).
Various mobile SPS receivers and basestations are also described herein.

Various other aspects and embodiments of the present invention are further
described below.
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flowcharts which represent methods for usmg altitude a1dmg according to the

present invention.
Figure 6 is a flowchart showing other methods for using altitude aiding
according to the present invention.

DETAILED D ON

The present invention provides various methods and apparatuses for using
altitude aiding with satellite positioning systems. The following description and
drawings are illustrative of the invention and are not to be construed as limiting the
innovation. 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.

Before describing various details with respect to the use of altitude aiding
information, it will be useful to describe the context in which one aspect of the
present invention is used. Accordingly, a preliminary discussion which refers to
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BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention is
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acconpanyi ng drawings in which like references indicate simlar el enents.
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and 14, both of which are defined to be within a cellular service area 11. In

addition, the system 10 includes cells 18 and 20. It will be appreciated that a

plurality of other cells with corresponding cell sites and/or cellular service areas

may also be included in the system 10 coupled to one or more ceilular switching

centers, such as the cellular switching center 24 and the cellular switching center

24b.

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

Each cell site is coupled to a cellular switching center. In Figure 1, cell
sites 13, 15, and 19 are coupled to switching center 24 through connections 13b,
15b and 190 respectively and cell site 21 is coupled to a different switching center
24b through connection 21b. These connections are typically wire line
connections between the respective cell site and the cellular switching centers 24
and 24b. Each cell site includes an antenna for communicating with
communication systems serviced by the cell site. In one example, the cell site may
be a cellular telephone cell site which communicates with mobile cellular
telephones in the area serviced by the cell site. It will be appreciated that a
communication system wit_hixi one cell, such as receiver 22 shown in cell 4, may in
fact communicate with cell site 19 in cell 18 due to signal blockage (or other
reasons why cell site 21 cannot communicate with the receiver 22). Itis also true
that multiple cell sites may be communicating data (but usually not voice) with a
mobile GPS receiver which includes a communication system.



Figure 6 is a flowhart show ng other nethods for using altitude aiding
according to the present invention. DETAI LED DESCRI PTI ON The
present i nvewoisessps ovi des various methods and appar at usespéfisddssie
altitude aiding with satellite positioning systens. The foll ow ng
description and drawings are illustrative of the invention and are not to
be construed as |imting the 1innovation. Nunerous specific details are
described to provide a thorough wunderstanding of the present invention.

However, in certain instances, well knov_\g or conventional details are not
described in order to not unnecessarily "Obscure the present invention in
detail . Bef ore describing various details with respect to the use

of altitude aidi ng i In & eypival énthodiment ofithe présentirsehitin, the mdbdeGPORcivee cont ext
in which one asp%aﬁéemal %&é&%ﬁﬂunic?t‘i’&%ét&ﬂ whith ifidgratel GRh Hle By @

prelimnary discussion §
-5-  Figures 1, ?CelSeAs“CQHH‘QBhWFIqP Eﬁ’e’dFWpH@(ﬁmﬁg’F‘B‘F@w&SMS‘an t he use of
al titude aiding en&loaedmtﬂe siaskuisingnOnesxample ofithis)is4 ediular telephone hibvihy € 1 shows .

an exanple of a gm?w, %_ﬁﬁ “,¥VQ,5 gdes a
plurality of cel ?ﬂe Qéﬁe%%c% V\l/ﬁ r&r&g cgg‘r \??lgde a particul ar
geogr aphi cal reg‘elfﬁ QS‘F't%&ﬂl’qrowhemfﬁm@%‘e@)?ys@%ﬁ“%quﬁFlh}lar fidepheneor cel |
based comuni cat icnmmelGtiensptransmissieds océus bewwveenthé feeciver 1 6 aslhd cAlsitt he cel |

based L el ephone ¢iirions kB tiftedei Vi FER AT 133k e SYRERA dbr bndC! udes
connection 13b to the cellular switching center 24 and then to either another
cellular telephone in a cell serviced by the cellular switching center 24 or through a
connection 30 (typically wired) to another telephone through the land-based
telephone system/network 28. Tt will be appreciated that the term wired includes
fiber optic and other non wireless connections such as copper cabling, etc.
Transmissions from the other telephone which is communicating with the receiver
16 are conveyed from the cellular switching center 24 through the connection 13b
and the cell site 13 back to-the receiver 16 in the conventional manner.
The remote data processing system 26 (which may be referred to in'some

" embodiments as a SPS server or a location server) is included in the system’ 10 and
is in one embodiment used to determine the position of a mobile SPS receiver (e.g.
receiver 16) using SPS signals received by the SPS receiver. The SPS server 26
may be coupled to the land-based telephone system/network 28 through a
connection 27, and it may also be optionally coupled to the cellular switching
center 24 through the connection 25 (which may be a communication network) and
also optionally coupled to center 24b through the connection 25b (which may be
the same or a different communication network as connection 25). It will be
appreciated that connections 25 and 27 are typically wired connections, although
they may be wireless. Also shown as an optional component of the system 10 is a
query terminal 29 which may consist of another computer system which is coupled
through the network 28 to the SPS server 26. This query terminal 29 may send a
request, for the position of a particular SPS receiver in one of the cells, to the SPS
server 26 which then initiates a conversation with a particular SPS receiver
through the cellular switching center in order to determine the position of the GPS
receiver and report that position back to the query terminal 29. In another
embodiment, a position determination for a GPS receiver may be initiated by a
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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 geographlcal
areas are referred to as cells and a plurality of cells are grouped together into 2
cellular service area, such as the cellular service area 11 shown in Figure 1, and
these pluralities of cells are coupled to one or more cellular switching centers
which provide connections to land-based telephone systems and/or networks.
Service area are often used for billing purposes. Hence, it may be the case that
cells in more than one service area are connected to one switching center. For

example, in Figure 1, cells 1 and 2 are in service area 11 and cell 3 is in service
area 13, but all three are connected to switching center 24. Alternatively, it is
sometimes the case that cells within one service area are connected to different
switching centers, especially in dense population areas. In general, a service area
is defined as a collection of cells within close geographical proximity to one
another. Another class of cellular systems that fits the above description is satellite
based, where the cellular basestations or cell sites are sateilites that typically orbit
the earth. In these systems, the cell sectors and service areas move as a function
of time. Examples of such systems include Iridium, Globalstar, Orbcomm, and
Odyssey.



- 6- In a typical enbodi ment of the present invention, the nobile
GPS receiver 16 includes a cell based conmunication systemwhich is
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cellular switchnl

ncg; cggt x?.& 24 throug conneg tlongﬁjﬁmgyfanglthe cell site
13 back to the PEEEEYSr 18° FHPHRCAEHPERETDRRY RE VIVIOLE®  The renpte
dat a pr ocessi nexshangeof ig®rmativndd andefyonpthe lashtionrsexyet shown isBigureshbodi ment s as
a SF’Sn;etrjvef ?rbd?w%eﬁ?ﬁ%é QiffeR A éRIorks, &mcﬂs}tetsﬂm, ?s'hehﬂﬂkﬁﬂslﬁ@rﬁhé& and is in
one enbodi nent ysed to i.tion of a recei ver
(e.g. receiver %g{’e’gggggér'}ﬁﬁﬁﬁ'gm ngantsvrpﬂﬁgxgﬁg?qrﬁgj er. The SPS
server 26 nay bbasmplphewsibm SMIlteheBanf@emilsﬁeteB etk oeteork 6raayrheet wor k 28
-thlf f’“?h a COPnﬁ&;nhQ&c@ttzumﬁié&g tlietcel‘lm& sﬁitéiﬁhgbﬂnt@@@tl mzﬂbxén&mumnmagea the
cel lular switchi cent er connecti on y be a
comuni cation n€& fYSEFmﬁ“&F grzgfl‘?ﬁ} \‘k?”&‘a'tﬁ&a%ea é‘%@?ﬂszl?bl t hrough
t he connecti on £@R20( The ndtworkp4 may b congidered rincludgitifefquerytermingh2efi cat i on
ggtwor kt as Colnlnﬁghwﬁo&ﬁé "P§AIPt -%mbhﬁqfﬁsn@saaz%swmbmmwns iIS and
are typica con i 0 ough W S0
shown as an opt?/Bﬁ?} ‘g% ?ter ?lhaé's‘g " eﬁ%ﬂgﬁ E? ltc’e}rnﬁé%al 29
whi ch may consi edse drmammemnwé%mmewnsry@mbameéﬁo Q@%‘bﬁl?ﬂf@d% in

order to obtain a position information from a designated mobile SPS receiver -

located in the various cells of the cell based communication system. In this -~

" instance, the location operation is initiated by someone other than the user of the
mobile GPS receiver. In the case of a 911 telephone call from the mobile GPS
receiver which includes a cellular telephone, the location process is initiated by the

_user of the cellular telephone. The network 62, which represents the GPS
reference network 32 of Figure 1, is a network of GPS receivers which are GPS
reference receivers designed to provide differential GPS correction information
and also to provide GPS signal data including the satellite ephemeris data (typically
as part of the entire raw satellite navigation message) to the data processing unit.
When the server 50 serves a very large geographical area, a local dptional GPS
receiver, such as optional GPS receiver 56, may not be able to observe all GPS
satellites that are in view of mobile SPS receivers throughout this area.
Accordingly, the network 62 collects and provides satellite ephemeris data
(typically as part of the entire raw satellite navigation message) and differential
GPS correction data applicable over a wide area in accordance with the present
invention.



through the network 28 to the SPS server 26. This query term nal 29 may
send a request, for the position of a particular SPS receiver in one of the
cells, to theWsPB/sEssver 26 which then initiates a conver saRGCEWSMRT a
particul ar SPS receiver through the cellular switching center in order to
determ ne the position of the GPS receiver and report that position back to
the query termnal 29. In another enbodinent, a position determ nation for
a GPS receiver may be initiated by a :

-7- user of a nobile GPS receiver; for exanple, the user of the nobile GPS
receiver nmay press 911 on the cell phone to indicate an energency situation
at the location of the nobile GPS receiver and this may initiate a | ocation
process in the manner Asshesyn in Figume 2.4 TRass fiaragedavice O3 dsasuplpdiorthe data ¢ he
present inventi onprocessiy unilsk. Wﬁﬁllﬁ@emﬂﬁkt&d@ﬁv@&dtﬂ@&bta@ﬂfo‘iﬁitﬂer whi ch

communi oat es. dat kol b Al %@a&b?s@ﬁ%ﬁneciﬁhléﬁn]sgﬂr Qiglphe cell site.

The present inventlon na ni cation
archit ectures sumewfaﬁﬁsﬁfm@cmbﬂﬁ Py regsiveese sugh as;2 (ereives 16 9EFiggre kel | based

syst ens. THesshi@udofingee aie ab@illy Radived cﬁe&ghuheaden bmaad céalil£el | based
commun catl on oY ke ey SIS B SMBESI U £k RASGIBECdas, one

transmtter, each’ Serves a eo ra G ichis
predef i ned at anyalforinglides saftware; meastwme@mbp@xme@awhcmsawgm reeave dnd a

wirel ess transm tysethe\shteiGi cﬁlﬁdéﬁ:éda@a Pr6Vided\Wh it GERASfeRn@AREVONDHE @dugh adi us of
| ess than 20 m | g Ithouog_)r?{Jm S aréga,l.govesé?m%ge%v}cgss@g thﬁ Z:Hﬂc}ul ar

cel lul ar system
systems, such as ipeidesh datahagd wipichonses celbolsect ipformatingl suchyesrralhsiteat | on system,

identifiers, cell site geographic location and corresponding altitudes which are
typically the altitude(s) associated with a cell site geographic location and hence
estimated altitudes for a mobile SPS receiver which is in radio communication with
a particular ceil site. This cell object information and corresponding altitudes is a
cell based information source, an example of which is shown in Figure 4 and is
described further below. )

In a typical embodiment of the present invention, the optional GPS receiver
56 is not necessary as the GPS reference network 32 of Figure 1 (shown as

" network 62 of Figure 2) provides the differential GPS information, GPS

measurements as well as providing the raw satellite data 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 normally used in a conventional
manner with the pseudoranges obtaincd from the mobile GPS receiver in order to
compute the position information for the mobile GPS receiver. The interfaces 52,
53, and 54 may each be a modem or other suitable communication interface for
coupling the data processing unit to other computer systems, as in the case of
network 64, and to cellular based communication systems, as in the case of
network 60, and to transmitting devices, such as computer systems in the network
62. In one embodiment, it will be appreciated that the network 62 includes a
dispersed collection of GPS reference receivers dispersed over a wide
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

-
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SMR (specialized nobile radio), one-way and two-way pager systens, RAM
ARDI S, and wirel ess packet data systens. Typically, the predefined

geogr aphi cal wameas7are referred to as cells and a pluralitycpbswese are
grouped together into a cellular service area, such as the cellular service
area 11 shown in Figure 1, and these pluralities of cells are coupled to
one or nore cellular swtching centers which provide connections to

| and- based t el ephone systens and/or networks. Service area are often used
for billing purposes. Hence, it may be tje case that cells in nore than one
service area are connected to one swtching center. For exanple, in Figure
1, cells 1 and 2 are in service area 11 and cell 3 is in service area 13,
but all three arcemmuningionesybtemn withprovide differcntinl GPS 2drecion ipfomagtionel y, it is

sonetimes the caafchtidapropRhte for'thel dpproxinie I9GEY SRhAhSI TS LQAVECHed to
different swtchi np cent.ers &FS ec| al Iﬁé |lg densg %'%8}%61“ n greas. In
general, a ser viotsr sAseydifferen f‘ﬁ?ﬁ""zﬁ’g m the 1eERrk § TGRS hin ¢l ose
geogr aphi cal pr crinpite g difforeotind correotidneappropuiate todhe lodatiensofdlic metiile $P8r syst ens
that fits the aQgufedescription is satellite based, where the cellul ar

'ntheae Systems. -t nEveaES PA Shpveiyicncried soyined sBadyadides R o of
time. Exanpl es oéceverindaygemmusicition Systben transagivern In Ghepgxainpleathe Or bconm and
O_dy SSey. communication system transceiver is a cellular telephone. The system 75 ifclades
Figure 2 shows an gagggl e g) a Sg%ﬁser ver-USa(gl whi churrg%/. be useg a,g t he SPS
server 26 in Fi Gk receivenl g2 FRpAnteapa Trand a communication frampceiver 7851 5
processi ng unit hating/hcohmnmgatibeargenna 9.t The§3RSrregeiveriT6yis taipledomtiat er system
The communication transceiver 78 through the connection 80 shown in Figure 3A.

In one mode of operation, the communication system transceiver 78 receives

approximate Doppler information through the antenna 79 and provides this

approximate Doppler information over the link 80 to the GPS receiver 76 which

‘performs the pseudorange determination by receiving the GPS signals from the

GPS satellites through the GPS antenna 77. This pseudorange is then transmitted

to a location server, such as the GPS server 26 shown in Figure 1 through-the

communication system transceiver 78. Typically the communication system

transceiver 78 sends a signal through the antenna 79 to a cell site which then

transfers this information back to the GPS server, such as GPS server 26 of

Figure 1. Examples of various embodiments for the system 75 are known in the

art. For example, U.S. Patent 5,663,734 describes an example of a combined

GPS receiver and communication system which utilizes an improved GPS receiver

system. Another example of a combined GPS and communication system has

been described in co-pending Application Serial No. 08/652,833, which was filed

May 23, 1996. The system 75 of Figure 3A, as well as numerous alternative

communication systems having SPS receivers, may be employed with the methods

of the present invention to operate with the GPS reference network of the present
invention. |

Figure 3B shows one embodiment for a GPS reference station. It will be
appreciated that each reference station may be constructed in this way and coupled
to the communication network or medium. Typically, each GPS reference station,
such as GPS reference station 90 of Figure 3B, may include a dual frequency
GPS reference receiver 92 which is coupled to a GPS antenna 91 which receives



SPS server 50 al so includes a nodem or ot her conmunication interface 52 and
a nodem or other communication interface 53 and a nodem or ot her

conmmuni cat i onWPAYEBTSace 54. These conmuni cation i nterf aces PSTBFPHS270
connectivity for the exchange of information to and fromthe |ocation
server shown in Figure 2 between three different networks, which are shown
as networks 60, 62, and 64. The network 60 includes the cellular swtching
center or centers and/or the | and- based phone system sw tches or the cell
sites. Thus the network 60 nmay be considgned to include the cellular
switching centers 24 and 24b and the | and-based tel ephone system network 28
and the cellular service_ are s wel.l a cells 18 and 20. The network 64
may be consi dere&iptsé‘gf‘ﬂﬁf‘&‘aﬁlsﬁéte R VIEEP ‘?1%{1t°“2§9’()f P’%ly*f%l?s t he
"PSAP, " whi ch i s référencPudstiver nigbe b yingle feprenaygecBlvemdepeddingtonitles depypaayal |y t he
control center \Maf&)gr \ﬁﬁguﬁc@é%o@%{&é‘a%‘ﬂ{mér@s'te@ﬁ@i&f‘eréﬁ@é}eéew&é'aré he case of

the query term na [ uer the server 26 in
order to obtain aicﬂésgww#ﬁw 3?%&?? Ef:‘llgi%'}c&f‘ﬁc%ivﬂé 214 ‘%r?Bﬁl | e SPS
recei ver | ocat ed einBodifnent vfihé pm&nmebdnsomprot/ids at beladt t\hraqu of infiormatiaadsi on

system In this IG\?&!@?‘S&I}] BJeF%‘t(gg%o&HgJ &'@u&@ls dhé\hé dad) Egrfop%sog‘i’rlmone

ot her than the use Srec case
t el ephone cal | fla@f’fﬁeﬁ‘ﬁ@kl‘ﬁ%faF@W these icydarangp PRPRLS 4 P§d ESCOMPEE| | ul ar
tel ephone, the | gsabdraigedifRfenaa corfectiohs iid thé etivényiodahMmanisefor hbsetsellies! | ul ar

tel ephone. The n .{w@&gﬂﬁgsgg@utsﬁabfp el Sol 48 R TR AERS Gl B4 4OT K 32 Of

Figure 1, is a né i ver er enc Fécei vers
desi gned to pr ovicervetionpleigitak omputersysters whisk hasdnterfasesdpirateiving ddrom so to

provide GPS si gna|GH$&Eﬁrehd‘bCrEd¢ﬂzbﬂ®1§\hﬂll&ﬁtvﬁ|1dthé&t%@P&éds&r%&hﬂ (typically
o o e, *Ygicafly | des%h@uehgggn@@esygogags%& o deimila! 2

processi ng unit e server Ser ar 849 8 'cal area,
a l.ocal optional t@@m@e@ﬂﬁ@“@%ﬁcﬂ?“a@%ﬁfF%aﬂd i view ef he P86 nay ‘not be
able to observe ahtknfaRb. FThésepdeudopmgt Eniectihart theil trénsmitfed tBRigheeSPS .1 ecei vers
throughout this gLeay ; At%&%cegd rﬂg&ff?m&niﬂﬁu&% Elfor%edﬁ:m 9656 Whic BffeP " OV d

satellite epherrerls tire raw satelli
navi gati on nessa§®® ra%ﬂ%fﬁh@fﬁ@ﬁ%@“@& eqvpled cinjagothey gkamplgpfithec abl e over a
Wi de area in accqiiihepsshdotingd @t ions e fefirétice ficeitst is passed through the;.

network 96 to a central location such as a GPS server 26 where differential ..
cortections are computed. In yet another example, output 93 contains differential
corrections generated by reference receiver 92, 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.

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



As shown in Figure 2, a mass storage device 55 is coupled to the data
processing unit 51. Typr cally, the mass storage 55 will include storage for
dat a and sofwewwrsssisor perform ng the GPS posrtron cal cul atRaIVIESOUIS2Zor

recei vi ng pseudoranges fromthe nobile SPS receivers, such as a receiver 16
of Figure 1. These pseudoranges are normally received through the cell site
and cellular switching center and the nodem or other interface 53. The mass
storage device 55 also includes software, at |east in one enbodinent, which
is used to receive and use the satellitgyephenmeris data provi ded by the GPS
reference network 32 through the nodemor other interface 54. The nass
storage device 55 also typically includes a database which stores cell

obj ect information, I&erERinsgmbedipents pkthe praseptipyentipn only cettainsegmentselyr aphi ¢

| ocati on and cahé mtgeﬂah mgsagb,tsutmm sadammphemerisymamy by senhe ladationt ude( s)

associ ated w t hseireg%}. eréggmm% ?éuresrr; QDGR ifstdceRt ed

altitudes for recel ver c ﬂ&’? | 0O communi catron with a
particul ar cel | and jfqrdhe cpgimunicaion nsfyyazic srPrﬂa@r 2 Jray getmsedighei ng -
altitudes is a ;ﬁeh&edmmﬁdmushj d?arratanqﬂe enl;aﬂme‘ustdneeefxmmlv&uahfcomhmch is shown.

in Figure 4 and a{eﬁlt &%rahg’gpﬂleﬂxgﬁstx%ﬁn%ﬁgg er than all mé%t@gsﬁl\‘,m embodi ment

of the present |nve t]ona recel ver not ‘necessary as
the GPS referen@@smmkfeﬂ?a’&wﬂ Qe comrpunication aetwerk Polvibbe of Fi gure 2)
provi des the diigpreirt it inChSembudimentéfi theprestit Snveriiy, the teeatidh seaveel | as

providing the 'ay saheldd dedl BaltiSRaagewhER Bibhita ftl beSi uloft Vi eW Of

t he vari ous reference recel rence network

appr eci at ed t haEPS$ referense Ecsivereintohepabyerk “H&@&“\?M BgaR el "F‘P‘b‘r‘h“ﬂ"rémn et vvor k
through the nodgstofh a@dethed formicasuliag tmbklacmyto kerellite darm ireysages sstich as the

conventlonal mepRbd i xrsaﬂibeh hPcdRAHHR U 98t AR RLARH sk No ;nordmmb' e GPS

receiver in order tion infornmation e nobile GPS
recei ver. The i whish ]wagggdggbruary3 997, by Norman F. Krasner. As used herein, th

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 4 shows an example of a cell based information source which in
one embodiment may be maintained at a data processing station such as the GPS
server 26 shown in Figure 1. Alternatively, this information source may be
maintained at a cellular switching center such as the cellular switching center 24 of
Figure 1 or at each cell site, such as cell site 13 shown in Figure 1. Typically,
however, this information is maintained and routinely updated at the location
server which is coupled to the cellular switching center. The information source
may maintain the data in various formats, and it will be appreciated that the format
shown in Figure 4 illustrates only one example of a format. Typically, each
estimated altitude, such as estimated altitude 203, will include a corresponding
iocation such as a cell site location or identification for a cell site or service area.
The information in the cell based information source 201 may be maintained in a



53, and 54 may each be a nodem or other suitable communication interface
for coupling the data processing unit to other conputer systens, as in the
case of networwo8s57s¥nd to cellul ar based comuni cati on sysPemvp$§I9as27¢ n t he
case of network 60, and to transmtting devices, such as conputer systens
in the network 62. In one enbodinent, it will be appreciated that the
network 62 includes a dispersed collection of GPS reference receivers
di spersed over a wi-de geographical region. |In sonefenbodi ments, the
differential GPS correction information, ghBtained froma receiver 56 near
the cell site or cellular service area which is conmunicating with the
nobi |l e GPS recei ver through the cell ul ar_ based o
-10- communi cat i ¢aakaseVhigh inglpdes cell qhisctjafogmatiop,suchyas ap identification ofedlli on
i nf Or mati on whi ch sérsicapis@ptdliaites shewn inlkelumpPr0PandBI(redpecivtly@nd phy t he nobi | e
GPS recei ver. |n GLRELI6238 e ALAELERL] AL nSGREGR AN LLAM UL Rgior k 62
onputé a difrerentra cti

p
may be conbi ned to conp j corre on appropriate to the

| ocation of the mo#seobcadpsstimatedalijade, thereistypwqﬂwguﬁfétmoghmitalogaﬁﬁera| i zed
tConrbi ned syst em Wi £&llisﬂ&iﬁb&diﬁ&aﬁi@n.@ﬁill&fhﬁﬂn?’@tcdaﬁdﬂeﬁh@ﬂiﬁﬂ”ﬁ&ﬂiaﬁiai_dia gy Syst em
ranscei ver. |In one_ex . cQ n on systemftransceivyer is a
cellular tel ephong’?’a%vg&gﬁg?%&ngo?g’eigﬁém&hég%lﬁﬁ ?réecé'itécerrad"?élgﬂ ving a GPS
antenna 77 and a coveragafremuicehsiter Qtheimathematicad reprgsantitions of Geraitidesat i on
antenna 79. The CRRuh&metalBite Fy bsused UPIahd Befl6 ukQIHngat &3kddake def1anscei ver

{8 roush,the. c0NEh it SURMD: b2 Bl AR SRR o8 2 07
may not be representative of the altitudes at which mobile SPS receivers can be
found in the particular area.

The use of the cell based information source 201 will now be described in
conjunction with Figure 5 which shows an example of a method of the present
invention. In this following description, it will be assumed that the mobile SPS
receiver will receive SPS signals and determine pseudoranges from those signals:
but will not complete a position solution calculation at the mobile receiver. Rather,
the mobile receiver will transmit these pseudoranges to a particular cell site with
which it is in radio communication and this cell site will forward the pseudotanges
to a mobile switching center which will in turn forward the pseudoranges to a
location server, such as the GPS server 26 of Figure 1. This GPS server will
then complete the position calculation using altitude aiding information according
to an example of the present invention. In this particular example, a cell object
information is determined in step 301. This may occur by the GPS server
receiving a cell site identifier or a location for the cell site which is in wireless
communication with a mobile cell based communication system which is coupled
to the mobile SPS receiver, such as the receiver shown in Figure 3A. For
example, the cell site may forward its identifier information or may forward its
location with the pseudorange information from the mobile SPS receiver to the
GPS server. In step 303, the GPS server determines an estimated altitude for the
mobile SPS receiver from the cell object information. In one example, the SPS
server will perform a database lookup operation to obtain the estimated altitude by
using the cell object information as an index into the database. This database may
be maintained in the mass storage 55 shown in Figure 2. If the location of the
cell site is provided by providing a latitude and a longitude, the server may use this



approxi mat e Doppler information through the antenna 79 and provides this
approxi mate Doppler information over the link 80 to the GPS receiver 76
whi ch per f owtmowshsrs pseudor ange det er mi nati on by recei vi ng pciraisSRS2mi gnal s
fromthe GPS satellites through the GPS antenna 77. This pseudorange is
then transmtted to a |ocation server, such as the GPS server 26 shown in
Figure 1 through the communi cation systemtransceiver 78. Typically the
comuni cati on systemtransceiver 78 sends a signal through the antenna 79
to a cell site which then transfers thigg4information back to the GPS
server, such as GPS server 26 of Fi gure 1. Exanpl es of various enbodi nents
for the system 75 are known art.. For S. Patent 5,663,734
descri bes an exlaﬁﬁ‘ﬂ‘lleea"éﬁm&l%ﬁ%PﬁEHP @S‘“F"é‘é@f‘\?‘é?"r‘@ﬁd“%ﬁﬁﬁ}ms@a‘fﬂ on system
whi ch utilizes AReralivelp)\ie the i3S where aicsibsite Sdentifivnis ptovadddeichens agll gieof a

conmbi ned GPS an pendi ng
Appl i cation Ser%ﬁ%@ﬂ%@%@@@%ﬁ}\%%&ﬁ&?mﬁ&%%@?éQTQS% The system
75 of Figure 3Abtaimangstimatedaltitides pssiratedjaltigyd @@-ﬁ’ﬂ{?rﬁfé’-&f’laéwaél%tens .
havi ng SPS r ecewheé¢ the célbsite hemberBll dyeed wmdnufyfvsnmmdmdadaiost estgy esent
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construct ed in idgimentwa yidalechositiorpdohtiion takculdtien.conmuni cat i on network or
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at 311 in which cell object information is determined. This information is then
used in 313 of Figure 5A to determine an initial estimated geographic location
(which may be specified as a latitude, longitude and altitude) for the mobile SPS
receiver based upon the cell object information. In one example of this method,
the cell object information is used as an index to look up in a database the
estimated location which is associated with the cell object information. This ' '

" estimated location is then used in 315 of Figure 5A to calculate a position (e.g. a . |
calculated latitude and longitude) of the mobile SPS receiver. This calculated-. 2
latitude and longitude is then used in 317 of Figure SA to determine an estimated |
altitude; this may be done by performing a database look up operation on a second.
database to obtain the estimated altitude from the calculated latitude and longitude,
In this case, the second database is similar to the database shown in Figure 4
except that the second database used in Figure SA is more extensive in providing
altitudes for many more possible combinations of latitudes and longitudes; while .
this second database used in Figure SA may not have an altitude for all possible
combinations of latitudes and longitudes, interpolation logic may be used to
determine an altitude through interpolation among altitudes in the database at
latitudes and longitudes which are close to the calculated latitude and longitude.
The altitude obtained in 317 of Figure SA may be used in 319 to again compute a
position (effectively a refined position calculation).

The second database may be improved over time as it is used by adding
latitude/longitude/altitnde combinations each time that a computed position is
determined. That is, by using the system of the invention many times (e.g. each
time "911" is pressed by a user of a cell phone), entries to the database can be




GPS signals fromGPS satellites in view of the antenna 91. Alternatively, a
GPS reference receiver may be a single frequency receiver, depending on the
accuracy of clQPYEIFdn required to cover an area of inter esRCTAGPRIEHE er ence
receivers are well known in the art. The GPS reference receiver 92,
according to one enbodi nent of the present invention, provides at |east two
types of information as outputs fromthe receiver 92. Pseudorange outputs
93 are provided to a processer and network interface 95, and these

pseudor ange outputs are used to conpute pggudorange differenti al
corrections in the conventional manner for those satellites in view of the
GPS antenna 91. Th rocessor .and _network interface 95 na

) y be a
conventional di gi3dg¢d: ansiAgY plmdecraflictyasivan Iatisude and lopgiwdemay by averagasi vi ng
dat'a from a GPS r(ef faggedtie be eleekedé manmlly bywe hicularaPS receivehrading). Thie
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network or nediu ' -her e stations..are typically
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the reference recdatipde, longitpdesnd dltinde combinationd isthenneadito oBiateghessecnndt r al
| ocation such as dabiR® (B8RS0 ad bn AMiBdedathbdst @7 sBptangy, corrections are

correct i ons gener at od Ty iR edhe b Bithn a8 BN b AR bl ERB 0 o e ver
92 al so provides @P@S@?féa/ That the prpsaRt Miention duay e bgd fnumgrbus Fpliitectves and s
pr oV i gefl at gnt get P GERAGS6 o ekaBfRleV/ORdf ekaﬁpgf&% the akitide m\&'s}t%lﬁtgbdsxgﬂbeltslfot?égs mts
Eapthme?i s data ouﬁsﬁﬁ%%ﬁg@%@gﬁ%ﬁ%ﬁ“ Py qrgggtse%gla{on&wmknﬂg entire raw
50-baud navi gat i dieusioraags/infesmation ﬁe@dé@bﬂﬁsﬁlmceém uhis @l elimginate ther ecei ved
from each GPS satrefifeinent thab€ach GPS bdrvek ﬁxamahﬁmafab&g@fm@gh & n&?rsﬁl(lj &:fj at gest cam
rav, gt 90 105 e LRRUERT e B RSB C2, °L0
in the GPS | CD- 200muenmisatesvith and avhish o aatdaye theitbwrealiiadednformation.alse 95
receives this s alt @bihér! dterftive TR difudbahfomeibdithy %aﬁijzﬁiuéérta_?ﬁ!iﬁsdbgz.%? : int ;eal
B e
recei ved t hrough anH&a¢kina5Sicatallitey, sletermining preudorangesstsnding stelliteephererts t o
aspects of the prigiafitioh feémithd SPS.satellites and determining its position. In yet another

alternative, rather than transmitting the altitude to the mobile unit, a cell object

information, such as a cell site identifier or cell site location may be transmitted to

the mobile SPS receiver which maintains its own database showing an estimated

altitude for a given cell object information. In this manner, the mobile SPS

receiver can determine its own position and also perform altitude aiding

autonomously. In yet another alternative embodiment, the mobile SPS receiver

may merely collect the SPS signals and digitize them and then transmit this

digitization of the SPS signals to the GPS setver which determines pseudoranges

from this digitized information and which completes the position calculation. In

yet another alternative embodiment, satellite ephemeris data may be sent from a

source, such as the SPS server, through the cell site to the mobile SPS receiver,

and this satellite ephemeris data is used in conjunction with pseudoranges

determined by the mobile SPS receiver to provide a position solution at the mobile



-12- In certain enbodi nents of the present invention, only certain
segnents of the navigation nessage, such as the satellite epheneris data
may be sent woedsrsati on servers in order to | ower the bandwidtsesns27o

requi rements for the network interfaces and for the conmuni cati on networKk.
Typically, also, this data may not need to be provided continuously. For
exanple, only the first three frames which contain satellite clock and
epheneris information rather than all 5 franes together nay be transmtted
on a regular basis into the comunicatigg network 96. It will be

appreci ated that in one enbodi nent of the present invention, the |ocation
server nmay receive the entire navigation nessage which is transmtted from
one or nore GPSSPefeceivarc Anexarenle efithis prghitectupedis descrilndlin US. Patait ti me or near
real tinme in orgagstkso.performa nmethod for nmeasuring tinme related to

satellite data nessa uc t he net had descrjbed in co-pending U S.
Pat ent Application &9%%%@???&“&&"%?@#%’&4'éocYV udey 3, 1997,
by Norman F. Kr teckigure 6/whichsshgwh amethod acderdingto this aspees| The methphishommi s dat a"

i ncl udes data W Kbure$ relaley to¥allOdetdcish i lsfohﬂoﬁﬁltﬁljs &IAVIVAL | on rressage

ggt ge mi'? i 2 Z:Jdr ge %@ggﬁ@éhr %ﬁrﬁl‘%’ﬁ?" 159‘?@% @Fi“z‘?“tgg#g %f"sm 6‘%2’5' (Se*%z exanpl e,
the termsatell eJtamplquinBrimdc@haater%eOIb i gSystern: Thenreamnt ati on of a
portion of the a@,kau dvaﬁmaQSBmepaﬁaﬂseﬂaﬁh J. ﬁkﬁm&ehqr @.ﬁo&' gﬂ@h dnf @ansm tted
froma GPS satelTlte. Iso und 8%%?8}# ﬁ@Sreference
recei ver 92 dec B‘H“"tqﬁ@efff'f“fbéf‘m ﬁﬁ?i a?Sr‘?ée t GPS
slero Integrity Moitoring : ndant M2 by MarbApStoza.de t he

bi nary data out NAVI%AT‘I@N c ﬁbtﬁﬁHP bﬂh@ﬁasﬁtt]ﬁ of Nav1gauon, Vol. 35, No. 4, Winter
1988-89, p. 483 et. seq.), these techniques have not utilized altitude aiding in a
way to identify the presence of a faulty satellite pseudorange. Once a faulty
satellite pseudorange is identified, it may be excluded from a re-computed
navigation solution to improve the final position determination.

The method of Figure 6 may begin in step 351 in which pseudoranges to
several SPS satellites are determined. In step 353, an altitude pseudomeasurerient
is determined. This altitude pseudomeasurement may be considered a '
pseidorange to a satellite at the center of the earth and may be determined in the
conventional manner of determining pseudomeasurements for altitude aiding
which are utilized in the prior art. Thus, for example, this altitude
pseudomeasurement can be visualized as a radius, which includes the earth's
radius from the earth's center to a point above the earth's assumed spherical
surface at an estimated altitude with respect to the earth's surface, defined by an
ellipsoid. The estimated altitude may be derived as shown in Figure 5 (steps 301
and 303). In step 355, an altitude for the mobile SPS receiver is calculated and
this calculated altitude is compared to the estimated altitude. The calculated altitude
may be obtained from a navigation solution based on the pseudoranges determined
in step 351. The difference between these two values, if 1a.rgé enough, will
indicate a possible fauity satellite pseudorange or possible faulty navigational
solution, which may exist in the case of large multipath errors which cause large
errors in a vertical direction as often occurs in an urban canyon situation. In step
357, the condition of at least one pseudorange may be determined based upon this
comparison. If the comparison shows a small difference between the estimated




satellite epheneris data. Figure 4 shows an exanple of a cell based
I nformati on source which in one enbodi nent may be naintained at a data
processi ng st aWPEWSBIch as the GPS server 26 shown in Fi gurPE€TAS9/08270
Alternatively, this information source may be maintained at a cellular
switching center such.as the cellular switching center 24 of Figure 1 or
at each cell site, such as cell site 13 shown in Figure 1. Typically,
however, this information is-raintained and routinely updated at the

| ocation server which is coupled to the cgllular switching center. The

I nformati on source nmay nmaintain the data in various formats, and it wll
be appreciated that the format. shown in Figure 4 |IIustrates only one

exanpl e of a for mattitidrygnd Baealqplatcd gkippde thep Fhﬁﬁ?'@ﬁ“’apf‘?’? B%Edoraj'ﬁmsbeesu nat ed
al ti'tude 203, Wi | Isudhthdt i@ a nowit f2818. PO the deher Ha06,df thodifferdfida bavesn el | site

l'ocation or identifica %(f agﬂu&(egﬁd t‘?i? ga?éuh | hifud@ls sﬁﬂc%t@ﬁ%& Fe%ethem} nce

|nformat|on|nthec I on sour mal n [Rfhed in a
-13- dat abase m.eesweésfﬁﬁhw@yi)émn|aﬂs§}@@tof theeruderangsh(and/odnayigation
i dentification of sgmtibn)nR e fdiar eas or cell si tes shovvn in colums 208 and

210 respectively and I cel.l site uc e

I nformati on shown in gg?(sﬁﬁ#@‘fé%ﬁ %na(]:tgrsngnv(g each egr&o?m‘}ogﬁyﬁntt% ude,
there is typical | yomparisembetwasnan @flmete‘tdumdesanﬂe calepdated alfitudgr This gltgmativg t e

i dentification. Itmeﬁiddlma%egamsdnﬁdc@domaboxﬂfaﬁébn%smda&h@dmaﬂxéItude nmay be

Cover age om a cEPPOEDE Tk APANAAR oA PEE LS S4B BeBpRABHE o

altitudes around tstep 363las a gidnnedantayeasycempent@edundantig yheipseudorafiges frpm Stﬁse

altitudes around t33) @hbes FDI techniques which use redundant measurements to detect
whether a faulty pseudorangé (or faulty navigation solution) exists and to identify
at least one faulty psendorange if one exists. These FDI techniques are described
in the literature; see, for example, Sturza, "Navigation System Integrity
Monitoring Using Redundant Measurements” referred to above. After identifying
the faulty pseudorange(s), they may be excluded from a re-computed navigation
solution. It will be appreciated that a cellular pseudorange (described in co- . .
pending U.S, Patent Application Serial No. 09/064,673, filed April 22, 1998 and
entitled "Satellite Positioning System Augmentation with Wireless Communication
Signals") may be used as a redundant measurement with these FDI techniques.
An example of a cellular pseudorange is a time difference of arrival of a
communication radio frequency signal in a CDMA or other celtular (cell based)
communication system; the cellular pseudorange typically represents a time of
travel of a communication signal between a cell site at a known location and the
mobile SPS receiver which includes a cell based communication system.

‘The methods of Figure 6 may identify a particular psendorange to a
particular satellite as "bad" even though the SPS signals from the particular satellite
have a high signal-to-noise ratio (SNR). In this case, the invention may reject this
identification and continue to use the FDI techniques to find another fanity
pseudorange.

The methods of Fxgure 6 may be used in 2 non-cell based system in
which a single basestation is in point-to-point radio communication with a2 mobile
SPS receiver. In this case, the estimated altitude may be an average altitude of the
geographical region covered by radio signals to or from the basestation. In this



site rather than the altitude of the cell site particularly where the cell
site's position may not be representative of the altitudes at which nobile
SPS recei vemowamsee found in the particul ar area. pChrRisogg27ef t he
cell based information source 201 will now be described in conjunction with
Figure 5 which shows an exanple of a nethod of the present invention. In
this follow ng description, it wll be assunmed that the nobile SPS receiver
will receive SPS-signals and determ ne pseudoranges fromthose signals but
will not conplete a position solution ca_llg_ul ation at the nobile receiver.
Rat her, the nobile receiver will transmt these pseudoranges to a
particular cell site with which it is in radio conmunication and this cell
site will forwarprichiar pempltoroeel ebjedt infermatidyi needstwbé tansmisted dméugh awhi ch wi | |

in turn forvard fReodSfUABha MiERalwR, fe hﬁ&@r oPFighfd ¢ ily blERuAreeliNe S

server 26 of Fiqure 1. This. GPS server w t.hen co ete the posi tion

cal cul ati on usi %Bsﬁl@wa@at%?P&prﬁ?WISWe%%W RS ErapsHpted fof| e of

t he present i nvemipomentsiima hétwerkaad tlimatelyruseaben apindex ta acietabase ij d2€ite an

~information is dghgsmd fddd n step 301. This may occur by the GPS server
receiving a cell 5|t§YL entjfier or a |ocation for the cell site which is

in wirel ess communi cat FeBOIRE FRSEHAtaN has| generaly A uRSAASYREht i on system

whi ch i s coupl edarthitettine imwhich 2mEbifs IPSaeteiver detesminks meudofragesaadi ver shown in

Fi gure 3A. For emgp{ ot ' Is G fier

I nformati on or may ct)srethes%?Eeiut&g%ggigtaﬁg%?%%ﬁgﬁ%%&dﬁg@gﬂg I nformation

fromthe mobile WSW@‘E\A@F'\}E?P’FSSW‘W@“@SS Uz applicablefo othersysie ¢ he GPS server

det erm nes an esdrchimttes. dfdr exantgple, the presént inverbioh mabSemployedies systeanint he cel |

obj ect informat i%ché@oﬁﬁ%ﬁ%%ﬂ:an&rﬁﬁs Eﬁeﬁggggfgg%g {Tisltlh%{j%ﬂcpa dat abase

| ookup operation to, obtain the estinate { S cell object
i nformation as a%‘i‘oY_VW&é‘Peiqgfeﬁeﬁuﬂ%) ‘Baf locaped SPSSIVEHFABOHSYMPRtIngR nt ai ned
in the mass st or pegwiobngsshio8PS satellifes) anad thg rerhdtely foeatedSPS sepver déteritiescel | site.
it 5 prov i ded by piyQitlhDfafudednl Gbtmim8 d paitidaiBlufistemich ARy SR6 T MBY use

examined with FDI techniques as described herein). In another example, the

present invention may be employed in a system in which a mobile SPS receiver

determines its own position with or without assistance from a remotely located

SPS server. Without such assistance, the mobile SPS receiver may perfoﬁﬂ‘:FDI

techniques based on an estimated altitude with the aid of an altitude estimate

~ provided by a user or transmitted to the mobile SPS receiver from a cell site (the

mobile SPS receiver may determine a cell site identification from its cell based

communications with the cell site and look up in its own database an estimated

altitude which corresponds to the cell site). With such assistance, the mobile SPS

receiver may determine its own position by receiving satellite ephemeris data

and/or Doppler information and/or satellite aimanac from an SPS server (e.g.

transmitted from a cell site to the mobile SPS receiver) and may also receive and

use an altitude estimate from an SPS server; in this case, the mobile SPS receiver

may determine its position (after determining satellite pseudoranges) and may

perform FDI techniques on the position solution using the altitude estimate.

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 PN code (similar to a GPS signal) which may be




-14- latitude and longitude to |ook up the altitude of the earth's surface
at this point. Alternatively, in the case where a cell site identifier is
provi ded suchwaesrsel | site nunber or other identificati orPCTIURHMISENI s cel |
object information will be used to obtain an estinmated altitude; estinated
altitude 205 is an exanple of such a situation where the cell site nunber
Bl is used to identify estinmated altitude 205. In step 305, the GPS server
uses the estimated-altitude to determ ne the position-of the nobile GPS
receiver. There are known ways in which the altitude may be used to augnent
or aid the position solution calcul ation. Fi gur es 5A and 5B show
nmet hods in which an estinmated altitude use co nce wth the
present inventi orfodpiaed naan bepapd Caﬁ‘ﬁﬁ‘ﬁﬁﬂ‘%“ﬁgglsﬁ%‘: ‘S‘iY‘tPhggﬂf“fh cel |
obj-ect i nformati dfach Gramiiter maylbchssigrieil 8 unighefNredide smasite parigidentifimtiom 313 of
pLoure SA o det g afofteckii! piduabintd diAL-E) ﬁ%mga&%ﬁré SERGEAR tlophi ch may

be specified as a“latitu e an titu nobi | e SPS

recei ver based updypreitieg sateflite '6’6?‘%““?‘@ I ersiich g tungy B‘H@S’@R‘iﬂﬁsé’r of this
met hod, the cell ghiregdlosediredsiTTheé ®@nn i'satellise chs aseddereinid énterided dodmiudep i n a

database the est gl og| Cal. AR WPh&badfes 353 96 RS b {ebfldeib] eCt

i nformation. Thi sP°&s B‘Ie re S5Ato
calcul ate a posi tnsmﬁen(iéi@l“@%ﬁ@ﬁ‘?‘ﬁﬁ‘é@]qf&’t"i?s&‘&’é’m&ﬁef wpRYFRLRle) of the
nmobi | e SPS recei vgkudolittss cal cul ated latitude and longitude is then used in

317 of Figure 5A 10 A% 8 %}e@&n @Sl e Gflefildn e adslHid AN rireflane DY

perform ng a dat abase F'Bera I on on base to obtain the
estimted altitude applmqnn@%%ip itk Staies Glpbal Feositioning Sptglie (SRBLSYSER- t hj s
case, the second {daicalie@vidéntJioWeveithat meiehﬁeﬂdﬂi @b aquallysdppitableno Himjlar € 4

except that the sg ed .. S
providing altitudt fg(ﬂﬂ%}’“ﬁéﬁ@‘gﬁ@wﬁ %’gsnplgﬁu hlégggtﬁnns g?sesﬁgtgrﬂt:%é;s and
| ongi t udes; whi | eGlonass systesoprimagily dilers ol W’Fi’t}b%‘@@ﬁums have an
altitude for all mﬁsﬁhﬂ%htemfewbumﬁienmfﬁﬁnémhndﬂwdb)sutmmgkngmgymﬁm:

: m 2; Bgl :E : 82 l'i?rgl i eél s '&%zﬁﬁ‘n @ﬁlqﬁ%‘gélgaas e%adaéé#&gé’g%ﬂ?}gpongl t udes
whi'ch are cl ose t CRH @s@ehe@m ipghades puch P]E"L’I%Pé‘v%ﬁffn}t‘?)l’ﬂj}"f’ﬂn‘ﬂ%sys?ﬁ’é' al titude
obtained in 317 ofnchutipy it RussiaGlohss syseea. i n 319 to again conpute a
In the foregoing specification, the invention has been described with

reference to specific exemplary embodiments thereof. It will, however, be evident

that various modifications and changes may be made thereto without departing

from the broader spirit and scope of the invention as set forth in the appended

claims. The specification and drawings are, accordingly, to be regarded in an

illustrative rather than a restrictive sense.

ﬂ




position (effectively a refined position calculation). The second
dat abase may be inproved over tine as it is used by adding

| atitude/ | onghdusdspkal titude conbi nati ons each tine that a pangwdegroposition
is determined. That is, by using the systemof t-he invention many tines
(e.g. each tine "911" is pressed by a user of a cell phone), entries to

t he dat abase can be -15-
added, and any altitude conflicts at a given |latitude and | ongitude may be
averaged (or flagged to be checked " rran_ﬁglly" by an accurate GPS receiver

reading). This will produce a robust thre€e-di nensi onat—database of the

earth's surface over tine. Figure SB shows an exanpl | of

addi ng entri es COAIMS second dat abase. In step 325, (ﬂw llh ﬁmmm ﬂ) te of
the | ocation of ks PS receiver is used to cal posis i en of '
t he nobil e SPS ngtggl)%/medrn.gdi?he cal cul ated position (latitude, |ongitude and
altitude conbination) is then used to update the second database (referred

to as an altituile doA ambhsdfor detatmiming3@Shition of a mobildkatéllitetphsitidningegoi ng
descripti on assyded (§P§ég§lcte{¥9}ﬂa@fn5@.rcglmats&f:ctoﬂﬁrﬁmichﬁ%%éeiveg@daglggngg' ated that

t he present inv Ion e used in numerous architectures i n numer ous

ot her exanpl es. “P¥ISBEanpl e, the altitude information nay be stored at a
cell site and transndetefmitling@ célhebjdcoinfrmationssaid\cell olgject @Rsmadsnver al ong with

t he pseudorange i nfor mat icg@%‘.gsﬁn%r&@ﬁ%iglfgcgﬁ‘ﬁ;&aggﬁgg&a%ﬁhge&oul d

elimnate the requirenent ~eac server malntarn t abase,
al though it may still be"?&ﬂ%ﬁﬁ'ﬂ%eous for a server to do so in case there
are cell sites whi chdetchainingran eltitude from said edliasbjeed inforratidn)Wiheedin shid seidt have

their own altitude infor %ﬁfe&?ﬁonﬂa_ﬂon is selected based upon a cell site transmitter
which is in wireless communication with said cell based
communication receiver;
calculating a position of said mobile SPS receiver using said altitude.

2. A method as in claim 1 wherein said cell object information is information
representing at least one of a location or an identification of said cell site -
transmitter.

3. A method as in claim 2 wherein said altitude is an approximate altitude of
said cell site transmitter.

4, A method as in claim 2 wherein said altitude is a mathematical
representation of altitudes in the geographical vicinity of said cell site transmitter.

5. A method as in claim 2 wherein said cell object information and said
altitude are stored in a computer readable storage medium.

6. A method as in claim 5 further comprising:
transmitting at least one pseudorange from said mobile SPS receiver to a
remote processing station.

7. A method as in claim 6 wherein said transmitting is through a receiver at
said cell site transmitter and wherein said remote processing station is coupled to a



another alternative, the altitude information may be transmtted to the
nobi |l e SPS recei ver which determnes its own position in a conventional
manner by acqworehggraand tracking SPS satellites, determ ni PgTHSSMEWManges,
reading satellite ephenmeris i-nformation fromthe SPS satellites and
determning its position. In yet another alternative, rather than
transmtting the altitude to the nobile unit, a cell object information,
such as a cell site identifier or cell site |location may be transmtted to
t he nobile SPS receiver which naintains i-%s_ own dat abase show ng an
estimated altitude for a given cell object information. In this manner, the
nobi |l e SPS receiver can determne its own position and al so perform

al titude aidi ng ashdaewitchigcentenwhichis coupled torsaidicelbsite framsynittos psdbeneimt | t he
mobi | e SPS recei gy [he ﬁ%&e@éixyg Qbth B6Lrmlife8 saRPiGAORA k Scieh sdidgoifige t hem
and then transmt this digitizafion of the SPS signals to the GPS server
whi ch det er ni nes ‘E%éﬂ@?‘&ﬂ’gﬁs fromthis digitized informati on and whi ch
conpl etes the position calculation. In yet another alternative enbodi nent,

satellite ephenerd s data.d BB fukHePBnfprisiRy’ Ce. such as the SPS server,
t hrough the cell gs'ite%f%e Flﬁ%s fl S T\

the nppi [ e SPS recejver, and thig satellite
epheneris data is use@@ﬁ“@%ﬁ&&‘!‘?@ﬁ%ﬂ“{ﬂmﬁ égémﬁe@qcfz'?@nrﬁaﬁed by t he
mobi | e SPS recei ver to. prombbile SPSpersiver calculsies satd positiat usingeaidwltinide.
-16- SPS receiver. An exanple of this architecture is described in U S

Pat ent 5, 365, 450. Anot her aspect of the present invention wll be
descri bed now by $-ef erfrmelod as ISR AAMARS@Eows a net hod according to
this aspect. The net hafnsiitingsaid cell object information to said mobile SPS receiver, and

wherein said mobile SPS receiver determines said altitude.

—

10. A method as in claim 7 further comprising:
receiving, at said remote processing system, satellite ephemeris data.

11. A computer readable medium containing executable computer program
instructions which, when executed by a data processing system, cause said data
processing system to perform a method comprising:
determining a cell object information, said cell object information
comprising at least one of a cell object location or a cell object
identification;
determining an altitude from said cell object information, wherein said cell
object information is selected based upon a cell site transmitter
“" ”']' " l“l which is in wireless communication with a cel} based
M | s R communication receiver of a mobile satellite positioning system
(SPS) receiver;
calculating a position of said mobile SPS receiver using said altitude.

iy

12. A computer readable medium as in claim 11 wherein said cell object
information is information representing at least one of a location or an
identification of said cell site transmitter.

13. A computer readable medium as in claim 12 wherein said altitude is an
approximate altitude of said cell site transmitter.



in Figure 6 relates to fault detection and isolation in a SPS receiver.
Wil e various fault detection and isolation (FDI) techniques are known in
the art (seavdaysresanpl e Chapter 5 and Chapter 8 of G obalpcipamsbddsefi NY
System Theory and Applications, Volune 2, B.W Parkinson and J.J. Spilker,
Jr., editors, Anerican Institute of Aeronautics and Astronautics, Inc.,
1996; and al so see Navigation SystemiIntegrity Monitoring Using Redundant
Measurenents by Mark A. Sturza, NAVI GATION: Journal of the Institute of
Navi gation, Vol. 35, No. 4, Wnter 1988 §9 p. 483 et. seq.), these

t echni ques have not utili zed altitude al d| ng in awy to identify the
presence of a faulty satellite pseudorange. Once a faulty satellite
pseudorange is identified, it may be excluded froma re-conputed navigation

solution to IrrnmoveAéampﬁdeﬂeédaaeﬁleaiuﬁ.rhsﬂﬁénﬁﬁxrmmkiemmdamtudelsaThe met hod of-

I e g s g e R

det er mi ned. Thitsnghittet ude pseudoneasur enent may be consi dered a pseudor ange.

to a satellite at the center of the earth and may be determned in the

conventi onal ner ,of deter in seudoneasyr nts for .altitude aiding
which are uti Imalged ngew%ﬁegggﬁmm&dm 3&“’ Clns M%ctm titude
pseudoneasurermmﬁormalmnbluismdsum@mm:aacadpm,madhblchomgmhmim. the earth's
radius fromthe earth's center to a poi nt above the earth's assuned
spherical surface at an esti tltud with respect to the earths
surface, defin by%‘f?"l?f’ﬂ‘ﬁ%ﬁ’ E‘aéé"c ﬂﬁ‘tléd”h& eidqrethpd futther der i ved as

shown in Fi gur eobiplisseps 301 and 303). In step 355, an altitude for the
mobi | & SPS r ecep%ghin ap@is%ﬂc Sidorafiet il shidAbuTeISPS feleidliieh b HedRed S conpar ed

to the estimated al titude. The calculated altitude nay be obtalined froma
navi gation sol HPSH AU 0n ¢t he pseudoranges determined in step 351. The
di fference between these two values, if |arge enough, will indicate a

possi bl e faul tyygat @lédxﬁpﬁtepémmrr&aﬂﬁm@ﬁn aaﬁlsﬂGM&rei@gaidtaanaﬁwng?st' onal

| ut whi ch | 1. pat whi ch
arge oriors | MROULA ERE SirH el HE et R RO o Pg canyon

situation. |n stasion BxPupledto a cellutir switphingfcenter whichds caypled fosseiddell sittge may be
determ ned bas ezehnsmmer élhkﬁneﬁﬂ@ﬁd&érﬁﬁ@pméeﬁmﬁé@st&ﬁﬂ&&&ﬂﬁ@ Raid Bmme ansnal |

difference bet VR akel salc(i:' Eosmng{lsmg said altitude.

18. A computer readable medium as in claim 12 wherein said method further
comprises:
transmitting said altitude to said mobile SPS receiver, and wherein said
mobile SPS receiver calculates said position using said altitude.

19. A computer readable medium as in claim 12 wherein said method further
comprises:
transmitting said cell object information to said mobile SPS receiver, and
wherein said mobile SPS receiver determines said altitude.

20. A computer readable medium as in claim 17 wherein said method further
comprises:
receiving, at said remote processing system, satellite ephemeris data.

. * c L M N *




-17- altitude and the calculated altitude then the condition of the
pseudoranges may be such that they are not at fault. On the other hand, if
the di fferencevgmisyssen the estimated altitude and the cal culcavusdyesets t ude
is sufficiently large (e.g. the difference exceeds a threshold), then at

| east one of the pseudoranges (and/or a navigation solution) may be faulty.
Al so shown in step 357 is an alternative nethod which does not rely on the
conpari son between an estimated altitude and a calculated altitude. This
alternative nethod may be performed instead of the conparison or in
addition to the conparison. This alternatTve nethod uses the altitude
pseudoneasurenent (from step 353) as a redundant neasurenent (redundant to
t he pseudor anges %1 omAstapr&esking atationcomprisy: t echni ques whi ch use redundant
measurenents to detect %gé}er a faul ty pseudorange (or faulty navigation
solution) exists and tg | easf one faulty pseudorange if one

exi sts. These FDI tecﬁﬁpfftg%gevéﬁeémﬂ’ &9 PRI he Iiterature; see, for
exanpl e, Sturza, " NavmganscewerwwmmﬁwgmspyGMhmm?en@mephggﬂeﬂundant

Measurenments” referred to Ecess] 'fgts%oﬁ fdaviteleyd i1 sitd) Said ﬁékhéa/devxce

seudor ange(s t hey may be a
gol 3t| on. gI 'E \)M | | bg ap%reﬁ?%géﬁgfﬁﬁ‘fctg?%f‘[foalwﬁcgng@WSSrag % ?:I%tgacrl bed in

co- pending U S. Patent qu:ﬂlhobptnlmutﬁaraaﬂldﬂ!ﬁct@@ﬂﬁ@mtﬁf%smﬁf‘mf@@sApr|I 22,
1998 and entitled "Satellitg sﬁ’é’%)hkﬂeﬁr&hxﬂgr%&r%ﬁﬂmhﬁﬁid@ftoﬂshh Wreless
COWMS") may used aant nme sure%%th t hese
H rrpl e°%1f°b19°td%fPW&ﬂ“8’Fw3‘§1e{§ﬁ %ﬁﬁ‘d’és 3Pop ¢4 Yference

e

FDI tgchoi.aues
of ar ﬂg‘?ﬂ!@ | cat celirsite bedhigin Mirelgsseoomunicatiomwith mcell B@BVNA or ot her
cel lu af?Jh réaéwe%ﬂa xﬁdaﬁe ﬁehitéﬁoaﬁxoﬂﬁgweﬁxange

typically represents a t| travel ni ca Si bet ween a
cell site at a known | ocat ﬁ?§ ’&ﬁ‘iﬂ"?ﬁ@‘ﬁ%"l‘@' efsgﬁ??#c\‘)@p \%%P%W %cl udes a

cell based conmuni cati on sysd mabile SPS receiver using said altitude.

22. A data processing station as in claim 21 wherein said processor receives a.
source of SPS signals and said transceiver reccives at least one psendorange from
said wireless cell site and wherein said processor uses said SPS signals and said at
least one pseudorange to determine said position.

23. A data processing station as in claim 22 wherein said storage device stores
a database containing a cell object information and a corresponding altitude for
_ each of a plurality of wireless cell sites which are coupled to said transceiver.

24. A method for determining a position of a mobile satellite positioning
system (SPS) receiver, said method comprising:
determining a calculated altitude from a plurality of pseudoranges to a
plurality of SPS satellites;
comparing said calculated altitude to an estimate of an altitude of said
mobile SPS receiver;
determining a condition of at least one of said pseudoranges, said condition
being based on said comparing of said calculated altitude to said
estimate.



The nethods of Figure 6 may identify a particular pseudorange to a
particul ar satellite as "bad" even though the SPS signals fromthe

particul ar sa®istizse have a high signal-to-noise ratio ( SHerasdwvsi®di s case,
the invention may reject this identification and-continue to use the FDI
techniques to find another faulty pseudorange. The net hods of
Figure 6 may be used in a non-cell based systemin which a single
basestation is in point-to-point radio comunication with a nobile SPS
receiver. In this case, the estimted al44tude may be an average altitude
of the geographical region covered by radio signals to or fromthe
basestation. In this . - 18-
particul ar exanp¥-e, Amethed fs iplaire 24 wherein paid pasition éscdgtermipedompansmi t t ed

thr gugh a nelt \le%Asmoh Bolatil ANkt A witein/i€said Luditith RAdir@fstald it € 6 may be
used In a ce

t.i t h Il ob t
i nformation is P?&‘f’f’ﬁﬁ%%g ’ﬁgﬁdgn %‘%8@&1%'{ aﬁ&hﬁﬁrﬁ‘et 3/0;:;2 ang Juﬁ:i matel y used

as an index to a database to derlve an estimated altitude. Wil e the.
f or egoi ng descrwtlomnmsdg@iaeraahbywmumﬁd@oﬁtﬁdnqm@&&msw@wae in which
a nobile SPS rece|(¥ dete m nes ggra nd transnits these

pseudor anges t o FEHEE &Y 'I’sSgéﬂ ?‘Pﬂ"WII | be understood that
the present invention is also appli cabl eto ot her system architectures. For
exanpl e, the prﬁentAhﬁm@Mﬂmmyﬁm@@&h .in a systemin which a
nobi | e SPS recei ver ransmts d.l time stanp

showi ng tine of rece‘%‘f d?’&’hﬁ? %w&e&g%ﬁp@‘ggtwgﬁ R Thout

conput i ng determmmgacell object information, said cell object information

comprising at least one of a cell object location or a cell object
identification;
determining said estimate of said altitude from said cell object information,
wherein said cell object information is selected based upon a cell
te transmitter which is in wireless communication with a cell

l l“l"l "ll" III" "III " |I|l based communication system which is coupled to said mobile SPS
et omos o . receiver. -

28. A method as in claim 27 wherein said mobile SPS receiver transmits said
plurality of pseudoranges to a data processing station which determines said
condition and said position.

29. A method as in claim 27 wherein said cell object information is information
representing at least one of a location or an identification of said cell site
transmitter.

30. A method as in claim 29 wherein said altitude is a mathematical
representation of at least one altitude in the geographical vicinity of said cell site
transmitter.

31. A method as in claim 27 wherein said cell object information and said
altitude are stored in a computer readable storage medium.



pseudoranges to SPS satellites), and the renotely | ocated SPS server

determ nes an estimated altitude and determ nes a position solution (which
may al so be ewawwmsses Wi th FDI techni ques as descri bed her eiR€FUSPIN8AAOt her
exanpl e, the present invention may be enployed in a systemin which a

mobil e SPS receiver deternmnes its own position with or w thout assistance
froma renotely | ocated SPS server. Wthout such assistance, the nobile SPS
recei ver may perform FDI techni ques based on an estinmated altitude with the
aid of an altitude estinmate provided by a,dser or transmtted to the nobile
SPS receiver froma cell site (the nobile SPS receiver may determ ne a cell
site identification fromits cell based communications with the cell site
and | ook up in it3¥2.owd sethednsdnclaim 28 stherein said data procesgiag sitiontrecelyey esponds to
the cell site). WaleliSéhénadgaiat ance, the nobile SPS receiver may deternne
Its own position by receiving satellite epheneris data and/ or Doppl er

I nformation and/or satellite al manac froman SPS server (e.g. transmtted
froma cell site 3% t HedatprbddessingPBtioneeopiprising: and nmay al so recei ve and use
an altitude estimate fg @6r; SPS server; in this case, the nobile SPS
receiver may determne its Rposition (éaft r determning satellite

pseudor anges) and may aﬁ%ﬁﬂ?‘ﬁlﬁf’“ﬂl@ AFRGRIELS®R t he position solution using
the altitude esti nat e.atransceiver coypledito saydhprotessonsaid transceived fargpupliag said of t he

present invention have beepy $imEthrioh tdh witdas eafuri@nédiyseal Qld i tes, it
wi || be appreciated that the teachings are equal I%alatg%ocaple to

posi tioning systems which &5 ?ci)itg‘ﬂ’(%f‘ﬁ e g ar all halfgegpngprea

satel lites and pseudol it eswithis surdlobsirtdis cormgyrfcud diblasedmmuaingiont t er s whi ch
broadcast a PN code (sim | gtehOsat tdRteivefRdivingplatlity 8Y pdefdoranges,

including a first pseudorange, from a mobile wireless

communication system which is coupled to a mobile satellite

s _ positioning system (SPS) receiver, said processor determining an
”“,II”"I"I"" "m ” l"l altitude and comparing said estimate to said altitude and
L determining a condition of said first pseudorange, said condition
being based on said comparing of said estimate to said altitude
pseudomeasurement. '

34, A data processing system as in claim 33 wherein said processor receives a
source of SPS signals and wherein said processor determines-a position of said
mobile SPS receiver from a position solution algorithm and wherein if said
condition is a first state, said first pseudorange is used in said position solution
algorithm.

35. A data processing system as in claim 34 wherein if said condition is a
second state, said first pseudorange is not used in said position solution algorithm.

36. A method for determining a position of a mobile satellite positioning
system (SPS) receiver, said method comprising: _
determining a plurality of satellite pseudoranges between said mobile SPS
receiver and a corresponding plurality of satellites;
determining at least one non-satellite pseudomeasurement;



nodul ated on an L-band carrier signal, generally synchronized with GPS
time. Each transmtter nay be assigned a unique PN code so as to permt

i denti fi cat iwdoolays7e renote receiver. Pseudolites are usef ptiugesfogindat i ons
where GPS signals froman orbiting satellite m ght be unavail able, such as
tunnel s, mnes, buildings or other enclosed areas. The term"satellite", as
used herein, is intended to include pseudolite or equival ents of
pseudolites, and.the term GPS signals, as used herein, is intended to

i nclude GPS-1ike signals from pseudol i teg or equi val ents of pseudolites.
In the preceding discussion the invention has been described with reference
to application upon the United States 3 obal Positioning Satellite (GPS)
system It shoul d bedetennihingta cohditignof at leashene of sebplunatity obsheellte € equal |y
applicable to simlar satghlgotafgddosi tioning systems, and in, particular,

t he Russian G onass system The G onass systemprimarily differs from CPS
systemin that the em ssions fromdifferent satellites are differentiated
from one anot heB7by Atmelthiodianiy chiim §6 whereidisdid soresatellzapseudomehsuesmentisi es,
rather than utibhzdeig afiidt pleaiimdasfifal @dRiMIaqaRoradie term " GPS" used
herei n includes such alternative satellite positioni ng systens, including
t he Russian d onass system In the foregoing specification, the

i nvention has bé&n dAsmthiodeslinwlairh 37 wherie sad conditiop ésadeferminedkfeam bd y

embodi ment st hegeofaenlt pihddmealififiBheinghife it Heashiffenyy ar i oUS

nodi fications and changgs may be nade thereto w tﬁout Elepartl ng fromthe
broader spirit and scope of the invention as set forth in the appended
claims. The spe6bfi cAtmethvdasih othira3B mhereinrsaid carglitivhds degdrined asifpeSRSegar ded i n

an il1ustrative g alybekchiidisAlaftchhighes Ve Sense.

40. A method as in claim 39 wherein said corresponding plurality of satellites
comprise a plurality of satellites orbiting in space around the earth.

41. A method as in claim 39 wherein said position is determined froma )
position solution algorithm and wherein if said condition is a first state said at-least
one of said plurality of satellite pseudoranges is used in said position solution "
algorithm.

42. A method as in claim 41 wherein if said condition is a second state, said at
_ least one of said plurality of satellite pseudoranges is not used in said position

solution algorithm. .
A0




-20- CLAIMS What is clained is: 1. A method for determning a
position of a nobile satellite positioning system (SPS) receiver having a

cel |l based cormuipdsrgisi on receiver, said method conpri si Ng: PCTAUS99/08270
determning a cell object infor rrat ion, said cell object information

conprising at |
identification;

east one of a cell object location or a cell object
determning an altitude fromsaid cell object

i nformati on, wherein said cell 1/®bj ect information is
sel ected based upon a cell sitditgansmitter which is in
W rel ess comupLcation w th_said Lbhased o e — — communi.cati.an

receiver;

sai d altltudel
information is
i denti ficati onl
2 wherein saidl

transmtter. §#

said cell site|
cell object inf
storage nedi um

cal cul ating a positi Qelluir Semvick Arehi | e SPS recei ver usi lhg
~2— — —A method-as—i I aim1l e'rern-wrd—cel'l"obj'ect* |

gnﬁ‘d?hatlon representildg at |ea kioﬁei 3f a location or lap

gl | site tra mtter jai m
iNMoblle ils, approxﬁmate altitude of sai q7ce| |Mshilkee
@GPgretihod as cllai m 2 whereiln d altit depg a

mat hemat i cal rle-p} eResii@tdfon of i' 8 tddes in the 4 cal lo
tl r et . . A nethod as iln clal d
drmat i on and al tiltiGbe artﬁbstdred i corrputer r egdabl e
| 13— Cell Site 1 :f \»; Cell Site 2} 15 : |
P, J g
I
T [ celld | ——— ¥
[Cell3 : ICell4 25— Mobile :
| i : A GPS |
| eceiver 3
: fﬁ“ga : } ﬁ{ma :
I |
| 19 | 21
! % | LD atb |
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18 ' 20
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6. A nmethod as in claim5 further conprising: transmtting at
| east: one pseudorange from said nobile SPS receiver to a

renot e procipyoRest ation. 7 A method as’in clai mBr¥osieia said
transmtting is through a recelver at said cell site transmtter and
wherein said renote processing station is coupled to a

-21- ' cellular switching center which is coupled to said
cell site transmtter and wherein /9 sai d renpte processing
system determines said altitude and cal culates said position

using said altitude. 8. A nmethod as in claim?2 further
conpri si ng: transmtting said altitude to said

nobi | e SPS receiver, and wherein said

nobi |l e SPS receiver cal cul ates said position using
9. A nethod as in _cl gin further conpri sing; GPSSlgnalSource
transmtting said nNQrmation to sahd | INtwitieof ecewver, and

wherein said nob{le S?NI hmg entlzgs jet er mi nes s@i dgph eEéWéf'sProvldmg
or Land-based Differential GPS

Phone System Switch(es Information and
e o Providing GPS Signal

Data)
I 62

MODEM or MODEM or
Other Interface Other Interface

i b

Data Processing Unit  j¢————— —> Gnglggggilver 56
(e.g., Computer System) <
Mass Storage
> (e.g., for Software)
MODEMor | 52 : and Storage for Cell-based
Other Interface information Source

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

\50'

FIG. 2
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10. A method as in claim7 further conprising:
receiving, at said renote processing system satellite epheneris data.

11. A conmpukglhysgadabl e medi um cont ai ni ng execut abl e conmpaTaISIYBE2IYr am

i nstructions which, when executed by a data processing system cause said
dat a processi ng systemto performa nethod conprising:
determning a cell object information, said cell object information
conprising at |east one of a cell object I3@ation or a cell object

i dentification; determning an altitude fromsaid
cell object information, wherein said cel

object information is selected based upon a cell site transmtter

which is in wireless comunication with a cell based comunication receiver
of .a nobile satellite positioning system

(SPS) receiver, calculating a position of said
nobi |l e SPS receiver using said altitude. 12. A
conput er readable nmediumas in claim1l wherein said cell object
information is information representing at |east one of a |ocation or an
identification of sag?%gsll site transmtter. 79 13. A
conput er readabl e nmed in claiml1l2 wherein sfiid altitude is an
approxinmate altitude lof said cell site fransmitie

ePs Communication
\ <-—->—> System
Receiver A Transceiver
8 (s

K‘75

FIG. 3A
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-22- 14. A conmputer readable nmediumas in claim12 wherein said
altitude is a mathenmatical representation of altitudes in the geographi cal
vicinity of woegrssgl | site transmtter. 15. A conput epciRRéhAlRt7Aa Medi um
as in claim12 wherein said cell object information and said altitude are

stored in a conmputer readabl e storage nmedium 16. A conput er readable
mediumas in claim15 wherein said nethod further conprises: transmtting
at | east one pseudorange from sai d nobil PS receiver to a renote
processing station. 17. A conputer readable nediumas in claim16

wherein said transmtting is through a receiver at said cell site
transmtter and wherein said renote processing station is coupled to a
cellular switching center which is coupled to said cell site transmitter
and wherein said renote processing systemdeterm nes said altitude and
cal cul ates said position using said altitude. 18. A conput er readabl e
mediumas in claim12 wherein said nethod further conprises:
transmtting said altitude to said nobile SPS receiver, and wherein said

nobi |l e SPS receiver cal culates said position using saj ¢ ggtitude. 19. A
conput er readabl e rdignas in claim 12 wherein said“irethod further
92
( 03 / 95
GPS ( »|  Processorand
Reference Network
Receiver ) > Interface
94

96

To
Communication
Network
and
GPS Servers

FIG. 3B
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conpri ses: transmtting said cell object information to said nobile

SPS receiver, and wherein said nobile SPS receiver

det er mi nes sawbwalstszs ude.  20. A conput er readabl e nedi unpcusvos2h@i Mm 17
wherein said nethod further conprises: receiving, at said renote
processi ng system satellite epheneris data.

-23- 21. A data processing station conprising:

a processor; : a storag&/gevice coupled to said
processor; _ a transceiver coupled to said processor,
said transceiver for coupling said dat a

processing station to a wreless cell site, said storage device
storing a cell object information which conprises at | east one of a
celi object location or a cell object identification for said wreless
cell site, wherein said processor determnes an altitude fromsaid
cell object information which is selected based upon said wrel ess cel
site being in wireless conmunication with a cell based comunication
receiver of a nobile satellite positioning system

(SPS) receiver and wherein said processor cal cul ates aﬂﬁﬁghion of
said nobile SPS receiver using said altitude.

Cell Based Information Source
Cell Cell Cell Site Estimated
Service Area Site # Location Altitude

A - Lat/Long. A AtA1 — 31— 203
B B - AtBI —{— 205
B B2 Lat/Long. B2 AitB2 ~—— 207
4 4 0 4
\ \ / \

208 210 212 214

FIG. 4
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22. A data processing station as in claim?21 wherein said processor
recei ves a source of SPS signals and said transceiver

recei ves at w@asdhsygne pseudorange from sai d peyhbassce! |
site and wherein said processor uses said SPs signals and said at

| east one pseudorange to determ ne said position. 23. A
data processing station as in claim22 wherein said storage device stores
a dat abase contai.ning a cell object inf tion and a correspondi ng
altitude for ' each of a plurality of wireless cell sites which
are coupled to said transceiver. 24. A et hod for

determ ning a position of a nobile satellite positioning

system (SPS) receiver, said nethod conprising:

determining a calculated altitude froma plurality of pseudoranges to a

plurality of SPS satellites; conmparing said
calculated altitude to an estimate of an altitude of sai d
nobi | e SPS receiver; geterA-A-reg—ea—condi ti on of at

| east one of said pseudor anges Deteinfhe C2 DbjecRformation

bei ng based on said conpaling ¢ qSpbtdmiind Céll StieQderiifidr t udgq to said

estimate. or Location for Cell Site Which is — 301

- 24- | in Wireless Communication With a Mobile

Cell Based Communication System Which
is Coupled to a Mobile GPS Receiver)

!

Determine an Altitude (Estimated) for
the Mobile GPS Receiver from
the Cell Object Information (e.g., Perform
a Database Lookup Operation to Obtain
the Altitude From the Cell Object
Information)

!

Use Altitude (Estimated) to
Determine Position of Mobile GPS — 305
Receiver

~— 303

FIG. 5
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25.

A nmethod as in claim24 wherein said position is determined froma

position solution algorithmand wherein if said conditionis a first state,

sai d
26.
sai d
al gorithm
conpri si ng:

said plurality of pseudoranges;

object information, said cel

27.

determ rwgg, at sai d nobi

| object information

wo ssisTeseudor ange is used in said position sol p&t/eseeRkgeri t hm
A nmethod as in claim25 wherein if said condition is a second state,
pseudorange is not used in said position solution
A nethod as in claim26 further

| e SPS receiver,

determning a cell

conprising at |east one of a cell object location or a cell object
i dentification; determining said estimate of said
altttude fromsaid cell obj in sajd cell object
Information is selected based up ob‘eCt:tnfmgﬁfﬁ site
transmtter which is in vm'reless df} gcell based
communi cat i on system whi ch %PS rpcel ¥er .
28. A nethod as in claim 27' Ie ﬁ%C@famHm?ﬁS!e 5 fecel ver transnmits
sai d plurali jont Bysgeniéhigh pr beessi ng station
whi ch deternines said ls Coupled:BﬁCMQ ile GParRecei¥grd popi ti on.
29. A nmethod as in claim rmation is
i nformation representing at {l east one of a location or an
I dentification of said cell sLtP fransnmitter.
30. A nethod as in claimp fﬁ rh Eéts a)te,% rabfic & t hemat i cal
representation of at |east one ﬁu&eﬂ fu ﬁl c vicinity of
said cell site _ _ ; ﬁpﬁw&%ﬂwﬁ 31. A et hod
as in claim27 wherein said cege] oc nforme]lctlon(eg erformd sald_ 313
a Database Lookup Operation to Obtain
the Initial Location From the Cell Object
Information
Use Initial Estimate to Determine Position
of Mobile GPS Receiver 315
Determine an Altitude (Estimated) for
the Mobile GPS Receiver From the
Computed Position {e.g., Perform a
Database Lookup Operation to Obtain [~ 317
the Altitude From the Latitude and
Longitude Information
Use Altitude (Estimated) to Determine — 319
Pasition of Mobile GPS Receiver

FIG. 5A
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altitude are stored in a conputer readabl e storage nmedi um

- 25- 32. A nethod as in claim28 wherein said data
processi Ng Wodojseds €cei ves satel I'i te ephegahiofiRbA-

33. A data processing station conprising: : a
processor; _ a storage device coupled to said
processor; a transcei ver coupled to said processor,
said transceiver .-for coupling said I : dat a
processing station to a wireless com*runi%a%i on system said

storage device storing an estimate of an altitude for at |east one area
within wireless radi o coverage of said wireless conmunication

system said transceiver receiving a plurality of pseudoranges,

including a first pseudorange, froma nobile wreless

comuni cation systemwhich is coupled.to a nobile satellite

positioning system (SPS) receiver, said processor determning an altitude

and conparing said estinate to said altitude and determ ning a condition of

said first pseudorange, said condition bei ng
based on said conparing of said estimate to said altitude
pseudoneasur enent . :

Use Initial Estimate to Determine
Position of Mobile GPS Receiver ‘

l

Update Location Database With
Computed Position Information

l

Use Location Database to
Update Altitude Database 329

— — 325

~ 327

FIG. 5B
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34. A data processing systemas in claim33 wherein said processor

recei ves a source of SPS signals and wherein said processor
determ nes a mapyolshpy of said nmobi | e SPS I ecitirEdoonEzgN 2
position solution algorithmand wherein if said condition is
a first state, said first pseudorange is used in said position solution

al gorithm 35. A data processing systemas in claim34
wherein if said conditionis a second state, said first
pseudorange is not used in said position solution algorithm

36. A method for determning a position of a nobile satellite positioning

system (SPS) receiver, said nmethod conprising:

determning a plurality of satellite pseudoranges between said nobile SPS
recei ver and a corresponding plurality of satellites;
determ ning at | east one non-satellite pseudoneasurenent;
- 26- determ ning a € 0 ad plurality of
satellite pspudoDeteymine Pselkidrangesto Sevérald as]in @}al m 36
wherein said non-satellite pseudoneasuSP8atelikes one of an Rl ti
pseudoneasur enment or a cell

Determine an Altitude Pseudomeasurement | zgs
{Using an Estimated Altitude)

l

Determine a Calculated Altitude for
the Mobile SPS Receiver and Compare | ___ 355
the Calculated Altitude to the
Estimated Altitude

‘

Determine a Condition of at Least One
Pseudorange or a Navigation Solution
Based on the Comparison (Calculated
Altitude Vs. Estimated Altitude) or Based
on FDI Techniques {Where the Altitude ~ |— 357
Pseudomeasurement is Used as @
Redundant Measurement With the
Pseudoranges to SPS Satellites to
Determine a Navigation Solution)

FIG. 6
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A net

T e i ALY _a
N cl aim 37 \A,here?i/n sai d condi’{ioni" is determ ned from
e Jpseudoneasur enent bei ng a redundant neassEaent . 39.
Am 38 wherein said condition is determ ne§

*

PO L

fault detecti orP@fﬂ’ i sol at |mmummmwelswmw4>®&mmwwet hod N&sh clai m 39

wherein said corres ondi n g D| urallt¥ 0 saf“ellltes cor’%lse aEEI uraI| of
sat el | i t SETERMATIONG |AHPI§S'H P YADER THE PA

onal B

ONFU

39 -wh
and wh
pl ural

&) Miesigtiothl rest GassBrations :det er m| ned (fiy mefndioRSbcdti Nufmbde:U L | onvm@ommmh
eregois doosai d condition is alfaprlst state said at | east one of said
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(57) Abstract

A method and apparatus for determining a position of a mobile satellite positioning system (SPS) receiver, In one example of a
method, a cell object information is determined; this cell object information comprises at least one of a celt object location or a cell object
identification. An altitude is determined from the cell object information which is selected based upon a cell site transmitter which is
in wireless communication with a cell based communication system which is coupled to (and typically integrated with) the mobile SPS
receiver. The position of the mobile SPS receiver is calculated using the altitude which is determined from the cell object information. In
another example of a method, an altinde pseudomeasurement is determined from an estimate of an altitude of the mobile SPS receiver, This
stimate of the altitude may be from a cell based information source in a cell based system or may be an average altitude of the area of radio
coverage of 2 wireless base station in the non—cell based system. The altitude pseudomeasurement may be used as a redundant measurement
with fault detection and isolation techniques to ‘deteymine whether at least one pseudorange has a faulty condition. Altematively (or in
addition), a comparison of the estimated altitude to a calculated altitude determines a condition of at least one pseudorange between an SPS
satellite and the mobile SPS receiver. In one embodiment of this example, the position is determined from a position solution algorithm,
and if the condition is a first state (not a fault state) the at least one pseudorange is used in the position solution algorithm.,
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