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MEIHOP AND SYSTEM FOR USINQ ALTITUPE INFORMATION IN A 

SATELLITE POSIDONINQ SYSTEM 

BACKGROUND OF THE INVENTION 

The present invention relates to satellite positioning systems which use 

augmentation or aiding from information regarding the altitude of a satellite 

positioning system receiver. 

Conventional satellite positioning systems (SPS) such as the U.S. Global 

Positioning System (GPS) use signals from satellites to determine their position. 

Conventional SPS receivers nonnally determine their position by computing 

relative times of arrival of si~als transmitted simultaneously from a multiplicity of 

GPS satellites which orbit the earth. These satellites transmit, as part of their 

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, 

detennine 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 

possib)e 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 vertical 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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altitude with respect to the earth's surface which is typically defined by an ellipsoid. 

(WGS84 is one of the ellipsoidal models). There are numerous techniques which 

are available to perfonn altitude aiding, but all techniques rely on an a priori 

knowledge of the altitude required to define the surface of a sphere which is a 

magnitude of the altitude pseudom.easurement. Typically, an estimated altitude can 

be manually supplied by the operator of the OPS receiver or can be set to some 

preset value, such as the surface of the earth or be set to an altitude from a 

previous three-dimensional solution. 

Prior GPS technology has also used altitude aiding in the case where a 

mobile GPS receiver receives GPS signals but does not compute its position, and 

relies upon a basestation to perform the position calculations for it. U.S. Patent 

5,225,842 describes such a system which uses altitude·aiding in order to allow the 

use of only three OPS satellites. The estimated altitude is typically derived from 

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

configuration, the altitude infonnation of a basestation .may also be available. 

A weakness of this approach is that an initial two-dimensional solution is 

typically 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 systeni. (SPS) receiver with 

the use of altitude informatl:_on. 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 

example, 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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An altitude is detennined from the cell object infonnation 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. That is, the altitude is detennined from a cell object 

information which is associated with the cell site transmitter which is in 

communication with the communication system of 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 according to the present invention, an 

altitude pseudomeasurement is detennined, and this pseudomeasurement uses an 

estimate of an altitude of the mobile SPS receiver. This estimate of the altitude 

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 

to an altitude that is calculated from pseudoranges to SPS satellites (or from 

pseudoranges and the altitude pseudomeasurement) detennines the conditien 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 pseucloranges 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 perfonned using only non-faulty pseudoranges (after 

faulty pseudoranges have been identified and excluded from a re-computation of a 

navigation solution). 

Various mobile S~S receivers and basestations are also described herein. 

Various other aspects and embodiments of the present invention are further 

described below. 

.., ... '\. 
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BRIEF DESCRIPTION OF THE DRAW!NGS 

The present invention is illustrated by way of example and not limitation in 

the figures of the accompanying drawings in which like references indicate similar 

elements. 

Figure 1 illustrates a cell based communication system having a plurality 

of cells each of which is serviced by a cell site, and each of which is coupled to a 

cell based switching center, which is sometimes referred to as a mobile switching 

center. 

Figure 2 illustrates an implementation of a location server system 

according to one embodiment of the invention. 

Figure 3A illustrates_ an example of a combined SPS receiver and 

communication system according to one embodiment of the present invention. 

Figure 38 illustrates an example of an SPS reference station according to 

one embodiment of the present invention. 

Figure 4 illustrates an example of a cell based information source which 

may be used to determine an estimated altitude of a mobile SPS receiver. 

Figllre ·5 illustrates a flowchart for one ·method which uses altitude aiding 

according to the present invention. Figures SA and SB show two other 

flowcharts which represent methods for using altitude aiding according to the 

present invention. 

Figure 6 is a flowchart showing other methods for using altitude aiding 

according to the present invention. 

PET AILED DESCRIPTION 
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 detajls 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 

IT 
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Figures l, 2. 3A. and 3B will be provided before discussing the use of altitude 

aiding in a cell based communication system. 

Figure 1 shows an example of a cell based communication system 10 

which includes a plurality of cell sites, each of which is designed to service a 

particular geographical region or location. Examples of such cellular based or cell 

based communication systems are well known in the art, such as the cell based 

telephone systems. The cell based communication system 10 includes two cells 12 

and 14, both of which are defined to be within a cellular service area 11. In 

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

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

may also be included in the s¥stem 10 coupled to one or more cellular switching 

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

24b. 

Within each cell, such as the cell 12, there is a wireless cell or cellular site 

such as cell site 13 which includes an antenna l3a 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 rec~iver 

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 19b respectively and cell site 21 is coupled to a different switching center 

24b through connection 21b. These connections are typically wire line 

connections between the respective cell site and the cellular switching centers 24 

and 24b. Each cell site includes an antenna for communicating with 

commuµication 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:Jiin 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). It is also true 

that multiple cell sites may be communicating data (but usually not voice) with a 

mobile GPS receiver which includes a communication system. 

/ 
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· In a typical embodiment of the present invention. the mobile GPS receiver 

16 includes a cell based communication system which is integrated with the GPS 

receiver such that both the GPS receiver and the communication system are 

enclosed in the same housing. One example of this is a cellular te1ephone having 

an integrated OPS receiver which shares common circuitry with the cellular 

telephone transceiver. When this combined system is used for cellular telephone 

communications, transmissions occur between the receiver 16 and the cell site 13. 

Transmissions from the receiver 16 to the cell site 13 are theri propagated over the 

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

cellular telephone in a cell serviced by the cellular switching center 24 or through a 

connection 30 (typically wired) to another telephone through the land-based 

telephone system/rietwork 28. It will be appreciated that the term wired includes 

fiber optic and other non wireless connections such as copper cabling, etc. 

Transmissions from the other telephone which is communicating with the receiver 
16 are conveyed from the cellular switching center 24 through the connection 13b 

and the cell site 13 back to·the receiver 16 in the conventional manner. 

The remote data processing system 26 (which may be referred to in some 

embodiments asa SPS server or a·location server) is included in the system· IO 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 tenninal 29 which may consist of another computer system which is coupled 

through the network 28 to the SPS server 26. This query tenninal 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 detennine the position of the GPS 

receiver and report that position back to the query terminal 29. In another 

embodiment, a position determination for a OPS receiver may be initiated by a 

.-; 
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user of a mobile GPS receiver; for example, the user of the mobile GPS receiver 

may press 911 on the cell phone to indicate an emergency situation at the location 

of the mobile GPS receiver and this may initiate a location process in the manner 

described herein. In another embodiment of the present invention, each cell site 

may include a GPS location server which conununicates data to and from a mobile 

OPS receiver through the cell site. The present invention may also be employed 

with different communication architectures such as point-to-point architectures 

which use non cell based systems. 

It should be noted that a cellular based or cell based communication system 

is a communication system which has more than one transmitter, each of which 

serves a different geographical area, which is 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.~· 

ARDIS. and wireless packet data systems. Typically, the predefined geograp,hical 

areas are referred to as cells and a plurality of cells are grouped together into.a 

cellular service area, such as the cellular service area 11 shown in Figure l, 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 11 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 b~estations or cell sites are satellites that typically orbit 

the earth. In these systems, the cell sectors and service areas move as a function 

of time. Examples of such systems include Iridium, Globalstar, Orbcomm, and 

Odyssey. 

. ,. 
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Figure 2 shows an example of a SPS server 50 which may be used as the 

SPS server 26 in Figure 1. The SPS server 50 of Figure 2 includes a data 

processing unit 51 ·which may be a fault-tolerant digital computer system. The 

SPS server 50 also includes a modem or other communication interface 52 and a 

modem or other communication interface 53 and a modem or other communication 

interface 54. These communication interfaces provide connectivity for the 

exchange of information to and from the location server shown in Figure 2 

between three different networks, which are shown as networks 60, 62, and 64. 

The network 60 includes the cellular switching center or centers and/or the land­

based phone system switches or the cell sites. Thus the network 60 may be 

considered to include the cellular switching centers 24 and 24b and the land-based 

telephone system/network 28 and the cellular service area 11 as well as cells 18 

and 20. The network 64 may be considered to include the query terminal 29 of 

Figure 1 or the "PSAP," which is the Public Safety Answering Point which is 

typically the control center which answers 911 emergency telephone calls. In the 

case of the query terminal 29, this terminal may be used to query the server 26 in 

order to obtain a 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 OPS 

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 l, is a network of GPS receivers which are GPS 

reference receivers designed to provide differential OPS 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 optional OPS 

receiver, such as optional OPS receiver 56, may not be able to observe all OPS 

satellites that are in view of mobile SPS receivers throughout this area. 

Accordingly, the network 6~ collects and provides satellite ephemeris data 

(typically as part of the entire raw satellite navigation message) and differential 

OPS correction data applicable over a wide area in accordance with the present 

invention. 
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As shown in Figure 2, a mass storage device 55 is coupled to the data 

processing unit 51. Typically, the mass storage 55 will include storage for data 

and software for perfonning the GPS position calculations after receiving 

pseudoranges from the mobile 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 modem or other interface 53. The mass storage device 55 

also includes software, at least in one embodiment, which is used to receive and 

use the satellite ephemeris data provided by the GPS reference network 32 through 

the modem or other interface 54. The mass storage device 55 also typically 

includes a database which stores cell object information, such as cell site 

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 cell site. This cell object information and corresponding altitudes is a. 

cell based infonnation 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 re_ceiver 

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, OPS 

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 nonnally used in a conventional 

manner with the pseudoranges obtained from the mobile OPS 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 ~ill 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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communication system, will provide differential OPS correction infonnation 

which is appropriate for the approximate location of the mobile OPS receiver. In 

other cases, differential corrections from the network 62 may be combined to 

compute a differential correction appropriate to the location of the mobile SPS 

receiver. 

Figure 3A shows a generalized combined system which includes a OPS 

receiver and a communication system transceiver. In one example, the 

communication system transceiver is a cellular telephone. The system 75 includes 

a OPS receiver 76 having a GPS antenna 77 and a communication transceiver 78 

having a communication antenna 79. The GPS receiver 76 is coupled to the 

communication transceiver 78 through the connection 80 shown in Figure 3A. 

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

approximate Doppler information through the antenna 79 and provides this 

approximate Doppler information over the link 80 to the OPS 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 

OPS receiver and communication system which utilizes an improved GPS receiver 

system. Another example of a combined OPS 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 Qne 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 

OPS reference receiver 92 which is coupled to a GPS antenna 91 which receives 

·"''.r· 
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GPS signals from GPS satellites in view of the antenna 91. Alternatively, a GPS 

reference receiver may be a single frequency receiver, depending on the accuracy 

of correction required to cover an area of interest. GPS reference receivers are 

well known in the art. The GPS reference receiver 92, according to one 

embodiment of the present invention, provides at least two types of information as 

outputs from the receiver 92. Pseudorange outputs 93 are provided to a processor 

and network interface 95, and these pseudorange outputs are used to compute 

pseudorange 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 detennine 

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 

OPS reference stations are typically also coupled. In another example of the 

invention. pseudorange data from the reference receiver is passed through the; 

network 96 to a central location such as a GPS server 26 where differential ~., 

corrections 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 binacy 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 an~ 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. 
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In certain embodiments of the present invention, only certain segments of 

the navigation message, such as the satellite ephemeris data may be sent to location 

servers in order to lower the bandwidth requirements for the network 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 

satelJite clock and ephemeris infonnation rather than all 5 frames together may be 

transmitted on a regular basis into the communication network 96. It will be 

appreciated that 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 network in real time or near real time 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. 08n94,649, 

which was filed February 3, 1997, by Nonnan 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 OPS signals from the different OPS 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 i.D.formation source 

may ma4itain the data in varjous 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 

location 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 

•.-· I 

... .. ,: . 



,-, .-.. -. --, ...... . ··-.. ·--------··-----

W099/57575 PCT/US99/08270 

ii!··.~ t _.: ', 

-13-

database which includes cell object information, such as an identification of cell 

service areas or cell sites shown in columns 208 and 210 respectively and may 

also include cell site location such as the information shown in column 212. In the 

case of each estimated altitude, there is typically at least one of a cell site location 

or a cell site identification. It will be appreciated that each estimated altitude may 

be an average altitude of the geographical region covered by the radio signal 

coverage from a cell site. Other mathematical representations of the altitudes 

around the cell site may be used. It may be useful to use altitudes around the cell 

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 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 particuJar cell site with 

which it is in radio communication and this cell site will forward the pseudot:anges 

to a mobile switching center which will in tum 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 

infonnation 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 hlfonnation 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 ~e cell object infonnation. 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 

. ' 
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latitude and longitude to look up the altitude of the earth's surface at this point. 

Alternatively, in the case where a cell site identifier is provided such as a cell site 

number or other identification, then this cell object information will be used to 

obtain an estimated altitude; estimated altitude 205 is an example of such a situation 

where the cell site number B 1 is used to identify estimated altitude 205. In step 

305, the GPS server uses the estimated altitude to detennine the position of the 

mobile GPS receiver. There are known ways in which the altitude may be used to 

augment or aid the position solution calculation. 

Figures SA and SB show methods in which an estimated altitude may be 

used in accordance with the present invention. The method of Figure SA begins 

at 311 in which cell object information is detennined. This information is then 

used in 313 of Figure SA 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 infonnation. 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 SA to calculate a position (e.g. a 

calculated latitude and longitude) of the mobile SPS·receiver. This calculated'. 

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 3 i9 to again compute a 

position (effectively a retin~ position calculation). 

The second database may be improved over time as it is used by adding 

latitude/longitude/altitude 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 

"·'.' i 
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added, and any altitude conflicts at a given latitude and longitude may be averaged 
(or flagged to be checked "manually" by an accurate OPS receiver reading). This 
will produce a robust three-dimensional database of the earth's surface over time. 
Figure SB shows an example of this method of adding entries to the second 
database. 1n step 325t the initial estimate of the location of a mobile SPS receiver 
is used to calculate a position of the mobile SPS receiver. The calculated position 
(latitude, longitude and altitude combination) is then used to update the second 
database (referred to as an altitude database in step 329). 

While the foregoing description assumed a particular architecture, it will be 
appreciated that the present invention may be used in numerous architectures and 
in numerous other examples .. For example, the altitude information may be stored 
at a cell site and transmitted to the location server or GPS server along with the 
pseudorange information from a mobile SPS receiver. This would eliminate the 
requirement that each OPS server maintain a database, although it may still be 

advantageous for a server to do so in case there are cell sites which the server 
communicates with and which do not have their own altitude information. 1n 
another alternative, the altitude infonnation may be transmitted to the mobile;.SPS 
receiver which determines its own position in a conventional manner by acquiring 
and tracking SPS satellites, determining pseudoranges, reading satellite ephemeris 
infonnation from the 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 infonnation. 1n this manner, the mobile SPS 
receiver can determine its own position and also perfonn 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 server which determines pseudoranges 
from this digitized information and which completes the position calculation. In 
yet another alternative em~iment, sate1lite 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 
detennined by the mobile SPS receiver to provide a position solution at the mobile 

. ·!'Z 
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SPS receiver. An example of this architecture is described in U.S. Patent 

5,365,450. 

Another aspect of the present invention wilJ be described now by referring 

to Figure 6 which shows a method according to this aspect. The method shown 

in Figure 6 relates to fault detection and isolation in a SPS receiver. While 

various fault detection and isolation (FDI) techniques are known in the art (see for 

example Chapter 5 and Chapter 8 of Global Positioning System: Theozy and 

Ap,plications, Volume 2, B.W. Parkinson and J.J. Spilker, Jr., editors, American 

Institute of Aeronautics and Astronautics, Inc., 1996; and also see Navigation 

System Integrity Monitoring Using Redundant Measurements by Mark A. Sturza, 

NAVIGATION: Journal of the Institute ofNavigation,·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 FigiJre 6 may begin in step 351 in which pseudoranges to 

several SPS satellites are determined. In step 353, an altitude pseudomeasurement 

is determined. This altitude pseudom~urement may be considered a < · 

pseudorange to a satellite at the center of the earth and may be detennined 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 S (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 large enough, will 

indicate a possible faulty sa~llite 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 
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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 difference between the 

estimated altitude and the calculated altitude is sufficiently large (e.g. the difference 

exceeds a threshold), then at least one of the pseudoranges (and/or a navigation 

solution) may be faulty. 

Also shown in step 357 is an alternative method which does not rely on the 

comparison between an estimated altitude and a calculated altitude. This alternative 

method may be performed instead of the comparison or in addition to the 

comparison. This alternative method uses the altitude pseudomeasurement (from 

step 353) as a redundant measurement {redundant to the pseudoranges from step 

351) and uses FDI techniques which use redundant measurements to detect 

whether a faulty pseudorange (or faulty navigation solution) exists and to identify 

at least one faulty pseudorange 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, 199S-and 

entitled "Satellite Positioning System Augmentation with Wireless Communication 

Signals") may be used as a redundant measurement with these FDI teclmiques. 

An example of a cellular pseudorange is a time difference of arrival of a 

communication radio frequency signal in a CDMA or other cellular (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 pseudorange 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 faulty 

pseudorange. 

The methods of Figure 6 may be used in a non-cell based system in 

.which a single basestation is in point-to-point radio conununication with a 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 
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particular example, no cell object infonnation needs to be transmitted through a 
network. In another alternative, the method of Figure 6 may be used in a cell 
based communication system in which a cell object information is transmitted from 
components in a network and ultimately used as an index to a database to derive an 
estimated altitude. 

While the foregoing description has generally assumed a system 
architecture in which a mobile SPS receiver determines pseudoranges and 
transmits these pseudoranges to a remotely located SPS server, it will be 

understood that the present invention is also applicable to other system 
architectures. For example, the present invention may be employed in a system in 
which a mobile SPS receiver _transmits digitized SPS signals (with a time stamp 
showing time of reception) to a remotely located SPS server (without computing 
pseudoranges to SPS satellites), and the remotely located SPS server determines 
an estimated altitude and detennines a position solution (which may also be 
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 performFDI 
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 detennine 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 almanac 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 salution 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 
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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 OPS signals from 

an orbiting satellite might be unavailable, such as tunnels, mines, buildings or 

other enclosed areas. The term ''satellite", as used herein, is intended to include 

pseudolite or equivalents of pseudolites. and the term GPS signals. as used herein, 

is intended to include GPS-like signals from pseudolites or equivalents of 

pseudo lites. 

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 

different satellites are differentiated from one another by utilizing slightly different 

carrier frequencies, rather than utilizing different pseudorandom codes. The term 

"GPS" used herein includes such alternative satellite positioning systems. 

including the Russian Glonass system. 

In the foregoing specification, the invention has been described with 

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

that various modifications and changes may be made thereto without departing 

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

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

illustrative rather than a restrictive sense. 
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CLAIMS ' lllllll llllll lllll lllll ll llll 
What is claimed is: * C L M S * 

1. A method for determining a position of a mobile satellite positioning 

system (SPS) receiver having a cell based communication receiver, said method 

comprising: 

2. 

determining a cell object infonnation, 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 info~tion 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. 

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 

.-.:, 
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cellular switching center which is coupled to said cell site transmitter and wherein 

said remote processing system determines said altitude and calculates said position 

using said altitude. 

8. A method as in claim 2 further comprising: 

transmitting said altitude to said mobile SPS receiver, and wherein said 

mobile SPS receiver calculates said position using said altitude. 

9. A method as in claim 2 further comprising: 

transmitting said cell object infonnation 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 perfonn a method comprising: 

determining a cell object infonnation, said cell object infonnation 

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 
~~--~~~~~~-

I IHllll llflll 11111 11'111 II f HI 
* C L M S * 

object information is selected based upon a cell site transmitter 

which is in wireless communication with a cell based 

communication receiver of a mobile satellite positioning system 

(SPS) receiver; 

calculating a position of said mobile SPS receiver using said altitude. 

12. A computer readable medium as in claim 11 wherein said cell object 

information is information i:epresenting 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. 
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14. A computer readable medium as in claim 12 wherein said altitude is a 

mathematical representation of altitudes in the geographical vicinity of said cell site 

transmitter. 

15. A computer readable medium as in claim 12 wherein said cell object 

infonnation and said altitude are stored in a computer readable storage medium. 

16. A computer readable medium as in claim 15 wherein said method further 

comprises: 

transmitting at least one pseudorange from said mobile SPS receiver to a remote 

processing station. 

17. A computer readable medium as in claim 16 wherein said transmitting is 

through a receiver at said cell site transmitter and wherein said remote processing 

station is coupled to a cellular switching center which is coupled to said cell site 

transmitter and·wherein said remote processing system determines said altitude and 

calculates said position using 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 detennines 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. 

I lllllll llllll lllll lllll II llll 
* C L M S * 
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21. A data processing station comprising: 

a processor; 

a storage device coupled to said processor; 

a transceiver coupled to said processor, said transceiver for coupling said 

data processing station to a wireless cell site, said storage device 

storing a cell object infonnation which comprises at least one of a 

cell object location or a cell object identification for said wireless 

cell site, wherein said processor determines an altitude from said 

cell object information which is selected based upon said wireless 

cell site being in wireless communication with a cell based 

communication receiver of a mobile satellite positioning system 

(SPS) receiver and wherein said processor calculates a position of 

said mobile SPS receiver using said altitude. 

22. A data processing station as in c1aim 21 wherein said processor receives a. 

source of SPS signals and said transceiver receives at least one pseudorange 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 infonnation and a corresponding altitude for 

each of a plurality of wireless cell sites which are coupled to said transceiver. 

24. A method for detennining a position of a mobile satellite positioning 

system (SPS) receiver, said method comprising: 

deternrlning 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; 

detennining a cond~tion of at least one of said pseudoranges, said condition 

being based on said comparing of said calculated altitude to said 

estimate. 
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25. A method as in claim 24 wherein said position is determined from a 

position solution algorithm and wherein if said condition is a first state, said 

pseudorange is used in said position solution algorithm. 

26. A method as in claim 25 wherein if said condition is a second state, said 

pseudorange is not used in said position solution algorithm. 

27. A method as in claim 26 further comprising: 

determining, at said mobile SPS receiver, said plurality of pseudoranges; 

determining a cell object infonnation, 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, 

I lllllll llllll lllll lllll II 1111 
* C L K S * 

wherein said cell object information is selected based upon a cell ... 
site transmitter which is in wireless communication with a cell 

based communication system which is coupled to said mobile SPS 

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 infonnation and said 

altitude are stored in a computer readable storage medium. 
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32. A method as in claim 28 wherein said data processing station receives 

satellite ephemeris data. 

3 3. A data processing station comprising: 

a processor; 

l Jll}llHlllil"llllJ Ill,11 JI 1111 
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a storage device coupled to said processor; 

a transceiver coupled to said processor, said transceiver for coupling said 

data processing station to a wireless communication system, said 

storage device storing an estimate of an altitude for at least one area 

within wireless radio coverage of said wireless communication 

system, said transceiver receiving a plurality of pseudoranges, 

including a first pseudorange, from a mobile wireless 

communication system which is coupled to a mobile satellite 

positioning system (SPS) receiver, said processor determining an 

altitude and comparing said estimate to said altitude and 

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 detennines ·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. 

3 6. A method for detemrining 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; 

detennining at least one non-satellite pseudomeasurement; 
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detennining a condition of at least one of said plurality of satellite 

pseudoranges. 

3 7. A method as in claim 36 wherein said non-satellite pseudomeasurement is 

one of an altitude pseudomeasurement or a cellular pseudorange. 

38. A method as in claim 37 wherein said condition is determined from said 

non-satellite pseudomeasurement being a redundant measurement. 

39. A method as in claim 38 wherein said condition is detennined using SPS 

fault detection and isolation t~chniques. 

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 from a 

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. 
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