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SYSTEMS AND METHODS FOR USING A HYBRID SATELLITE AND WLAN
POSITIONING SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is related U.S. Patent Application Ser. No. 12/504,379, filed July

16, 2009, and entitled "Methods and Systems for Determining Location Using a Hybrid

Satellite and WLAN Positioning System by Selecting the Best SPS Measurements", and U.S.

Patent Application Ser. No. 12/504,373, filed July 16, 2009, and entitled "Systems And

Methods For Using A Satellite Positioning System To Detect Moved WLAN Access Points".

BACKGROUND

Field

[0002] The disclosed subject matter generally relates to hybrid positioning systems and,

more specifically, to detecting movement of WiFi access points using information from two or

more satellites in an integrated wireless local area network based positioning system (WLAN-

PS) and satellite-based positioning system (SPS) and, also, to selecting the best set of

measurements between WLAN Access Points and satellite measurements to estimate the

location of a mobile device.

Description of Related Art

[0003] In recent years the number of mobile computing devices has increased dramatically,

creating the need for more advanced mobile and wireless services. Mobile email, walkie-talkie

services, multi-player gaming and call-following are examples of how new applications are

emerging for mobile devices. In addition, users are beginning to demand/seek applications that

not only utilize their current location but also share that location information with others.

Parents wish to keep track of their children, supervisors need to track the locations of the

company's delivery vehicles, and a business traveler looks to find the nearest pharmacy to pick

up a prescription. All of these examples require an individual to know his own current location

or the location of someone else. To date, we all rely on asking for directions, calling someone

to ask their whereabouts or having workers check-in from time to time to report their positions.

[0004] Location-based services are an emerging area of mobile applications that leverage

the ability of new devices to calculate their current geographic positions and report them to a

user or to a service. Examples of these services range from obtaining local weather, traffic



updates and driving directions to child trackers, buddy finders and urban concierge services.

These new location-sensitive devices rely on a variety of technologies that all use the same

general concept. By measuring radio signals originating from known reference points, these

devices can mathematically calculate the user's position relative to these reference points. Each

of these approaches has its strengths and weaknesses depending upon the nature of the signals

and measurements, and the positioning algorithms employed.

[0005] The Navstar Global Positioning System (GPS) operated by the US Government

leverages about two-dozen orbiting satellites in medium-earth orbits as reference points. A

user equipped with a GPS receiver can estimate his three-dimensional position (latitude,

longitude, and altitude) anywhere at any time within several meters of the true location as long

as the receiver can see enough of the sky to have four or more satellites "in view." Cellular

carriers have used signals originating from and received at cell towers to determine a user's or

a mobile device's location. Assisted GPS (AGPS) is another model that combines both GPS

and cellular tower techniques to estimate the locations of mobile users who may be indoors and

must cope with attenuation of GPS signals on account of sky blockage. In this model, the

cellular network attempts to help a GPS receiver improve its signal reception by transmitting

information about the satellite positions, their clock offsets, a precise estimate of the current

time, and a rough location of the user based on the location of cell towers. No distinction is

made in what follows between GPS and AGPS.

[0006] All positioning systems using satellites as reference points are referred to herein as

Satellite-based Positioning System (SPS). While GPS is the only operational SPS at this

writing, other systems are under development or in planning. A Russian system called

GLONASS and a European system called Galileo may become operational in the next few

years. All such systems are referred to herein as SPS. GPS, GLONASS and Galileo are all

based on the same basic idea of trilateration, i.e., estimating a position on the basis of

measurements of ranges to the satellites whose positions are known. In each case, the satellites

transmit the values of certain parameters which allow the receiver to compute the satellite

position at a specific instant. The ranges to satellites from a receiver are measured in terms of

the transit times of the signals. These range measurements can contain a common bias due to

the lack of synchronization between the satellite and receiver (user device) clocks, and are

referred to as pseudoranges. The lack of synchronization between the satellite clock and the

receiver (user device) clock can result in a difference between the receiver clock and the

satellite clock, which is referred to as internal SPS receiver clock bias or receiver clock bias,



here. In order to estimate a three dimensional position there is a need for four satellites to

estimate receiver clock bias along with three dimensional measurements. Additional

measurements from each satellite correspond to pseudorange rates in the form of Doppler

frequency. References below to raw SPS measurements are intended generally to mean

pseudoranges and Doppler frequency measurements. References to SPS data are intended

generally to mean data broadcast by the satellites. References to an SPS equation are intended

to mean a mathematical equation relating the measurements and data from a satellite to the

position and velocity of an SPS receiver.

[0007] WLAN-based positioning is a technology which uses WLAN access points to

determine the location of mobile users. Metro-wide WLAN-based positioning systems have

been explored by several research labs. The most important research efforts in this area have

been conducted by the PlaceLab (www.placelab.com, a project sponsored by Microsoft and

Intel); the University of California, San Diego ActiveCampus project (ActiveCampus -

Sustaining Educational Communities through Mobile Technology, technical report #CS2002-

0714); and the MIT campus-wide location system. There is only one commercial metropolitan

WLAN-based positioning system in the market at the time of this writing, and it is referred to

herein as the WPS (WiFi positioning system) product of Skyhook Wireless, Inc

(www.skyhookwireless.com).

[0008] Figure 1 depicts a conventional WLAN-based positioning system based on WiFi

signals. The positioning system includes positioning software 103 that resides on a mobile or

user device 101. Throughout a particular target geographical area, there are a plurality of fixed

wireless access points 102 that transmit information using control/common channel signals.

The device 101 monitors these transmissions. Each access point contains a unique hardware

identifier known as a MAC address. The client positioning software 103 receives

transmissions from the 802.1 1 access points in its range and calculates the geographic location

of the computing device using the characteristics of the radio signals. Those characteristics

include the MAC addresses, the unique identifiers of the 802.1 1 access points, the Time of

Arrival (TOA) of the signals, and the signal strength at the client device 101. The client

software 103 compares the observed 802.1 1 access points with those in its reference database

104 of access points. This reference database 104 may or may not reside in the device 101.

The reference database 104 contains the calculated geographic locations and power profiles of

all access points the system has collected. A power profile may be generated from a collection

of measurements of the signal power or signal TOA at various locations. Using these known



locations or power profiles, the client software 103 calculates the position of the user device

101 relative to the known positions of the access points 102 and determines the device's 101

absolute geographic coordinates in the form of latitude and longitude or latitude, longitude and

altitude. These readings then can be fed to location-based applications such as friend finders,

local search web sites, fleet management systems, and an E91 1 service.

[0009] In the discussion herein, raw WLAN measurements from an access point are

generally intended to mean received signal strength (RSS) and/or times of arrival (TOAs)

and/or time differences of arrival (TDOAs). References to data are generally intended to mean

the MAC address, one or more record(s) of it, one or more power profile(s), and other

attributes based on previous measurements of that access point. References to a WLAN-PS

equation are intended to mean a mathematical equation relating the WLAN-PS measurements

and data to the location of the mobile device.

[0010] A WLAN-based positioning system can be used indoors or outdoors. The only

requirement is presence of WLAN access points in the vicinity of the user. The WLAN-based

position systems can be leveraged using existing off-the-shelf WLAN cards without any

modification other than to employ logic to estimate position.

[0011] Figure 2 illustrates a conventional way of integrating WLAN-PS and SPS, which

consists of a WLAN-PS 201 and a SPS 206, and a location combining logic 210.

[0012] WLAN-PS 201 and SPS 206 are stand-alone systems and each can operate

independently of the other system. Thus, the result of each system can be calculated

independent of the other system. The estimated location along with the expected error

estimation of each system can be fed to the location combining logic 210. The expected error

estimation also is referred to as HPE (horizontal positioning error) herein. The nominal rate of

location update of SPS 206 and WLAN-PS 201 is once per second. The location combining

logic 210 combines location estimates calculated in the same second by both systems.

[0013] WLAN-PS 201 is a conventional system which estimates the location of a mobile

device by using WLAN access points. WLAN-PS 201 can include a scanner of WLAN APs

202, a select WLAN APs device 203, a trilateration device 204, and HPE estimation device

205.

[0014] WLAN Scanner 202 detects WLAN APs surrounding the mobile device by

detecting the received power (RSS, received signal strength) and/or time of arrival (TOA) of

the signal. Different methods can be used to detect WLAN APs including active scanning,

passive scanning or combination of passive and active scanning.



[0015] The select WLAN APs device 203 selects the best set of WLAN APs to estimate the

location of the mobile device. For example, if ten WLAN APs are detected and one AP is

located in Chicago and the other nine are located in Boston, without any other information, the

Boston APs are selected. This is an indication that Chicago AP has been moved to Boston.

Please see U.S. Patent Application No. 11/359,154 as filed February 22, 2006 and entitled

"Continuous Data Optimization of Moved Access Points in Positioning Systems the entire

contents of which are hereby incorporated by reference. In the conventional system the best set

of WLAN APs can be selected based on geographical distribution of WLAN APs in addition to

corresponding parameters of WLAN APs, including received signal strength, signal to noise

ratio, and the probability of being moved.

[0016] The trilateration device 204 can use WLAN APs and their corresponding

measurements and characteristics to estimate the location of the mobile device. Received

signal strength or TOA measurements from the WLAN AP can be used to estimate the distance

of the mobile device to the WLAN AP. The aggregation of distance estimates from different

WLAN APs with known location of the APs can be used to calculate location of the mobile

device. Trilateration device 204 also can use a method which is called nearest neighbor, in

which a location with a power profile similar or closest to the power reading of the mobile

device is reported as the final location of the mobile device. The power profile of each WLAN

AP or entire coverage area can be found in the calibration phase of the system by detailed

survey of the coverage area.

[0017] HPE estimation device 205 is the module which estimates the expected error of the

position estimate of the mobile device. The HPE or Horizontal Positioning Error is calculated

based on previously scanned APs and their characteristics and also on characteristics of the

received signal as was discussed in co-pending Skyhook Wireless Application No. 11/625,450

entitled "System and Method for Estimating Positioning Error Within a WLAN Based

Positioning System," the entire disclosure of which is hereby incorporated by reference.

[0018] The SPS system 206 consists of a satellite signal receiver and measurement device

207, trilateration device 208, and the SPS HPE estimation device 209.

[0019] The satellite signal receiver and measurement device 207 receives signals from the

satellites in view of the device, decodes the received signal, and measures the satellite

parameters from each satellite. The measurements can include pseudorange, carrier frequency,

and Doppler frequency.



[0020] The trilateration device 208 uses measurements from at least four satellites and

location of the satellites in view to estimate location of the user device, velocity, and direction

of travel of the mobile device.

[0021] HPE estimation device 209 estimates the expected error of the estimated location.

The HPE estimation device 209 is conventional and calculates expected error based on

geometry of the satellites and signal quality of the received signal from satellites, for example,

DOP (dilution of precision), and C/N (carrier to noise ratio).

[0022] Location combining logic 210 receives location and HPE estimates calculated for

almost the same second from WLAN-PS 201 and SPS 206. In other words, measurements and

estimations which are made at the same time are compared and combined. Practically,

measurements and estimations within one second can be considered the same time. The

location combining logic 210 of the user device reports one estimated location by selecting one

of them or linearly combining them. For example, location combining logic might select one

of the estimated locations provided by WLAN-PS 201 or SPS 206 based on reported expected

error, HPE, or it might report weighted average of estimated locations by both systems

according to the HPE.

SUMMARY

[0023] The disclosed subject matter generally relates to hybrid positioning systems and

methods and, more specifically, systems and methods for detecting moved WLAN access

points using a wireless local area network based positioning system (WLAN-PS) and a

satellite-based positioning system (SPS) with at least two satellites measurement.

[0024] In one aspect the disclosed subject matter relates to a method of using a WLAN and

satellite enabled device to detect WLAN access points (APs) that have moved, the method can

include, detecting WLAN APs in range of the WLAN and satellite enabled device, accessing a

reference database to obtain a reference location of each WLAN AP, obtaining satellite

measurements from at least two satellites to provide a plurality of possible SPS location

solutions of the device, calculating a distance between each reference WLAN AP location and

the possible SPS location solutions, and if the distance between the reference WLAN AP

location and the SPS location solutions is far, determining that the WLAN AP location and/or

other associated data to the WLAN AP in the reference database is not correct.

[0025] In some embodiments, the method can include notifying the reference database that

the WLAN AP location is not correct.



[0026] In some embodiments, the method can include updating the reference database's

location for the WLAN AP.

[0027] In some embodiments, the possible SPS location solutions of the device can include

a region of possible location solutions for the device.

[0028] In some embodiments, the reference WLAN AP location is far from the SPS

locations solutions if the distance is an order of magnitude above the coverage area of the AP.

[0029] In some embodiments, the method can include measuring a consistency between the

satellite measurements and the WLAN AP reference location.

[0030] In some embodiments, the WLAN AP reference location consistency with the

satellite information can be measured by applying each of the WLAN AP reference locations to

the satellite measurements and calculating an internal SPS receiver clock bias for each WLAN

AP reference location.

[0031] In some embodiments, a consistency of the internal SPS receiver clock bias for each

of the WLAN AP locations can be used as an indication of distance between the WLAN AP

location and the possible SPS location solutions of the device.

[0032] In some embodiments, calculating the consistency of the internal SPS receiver clock

bias for each WLAN AP reference location can include calculating the standard deviation or

the mean square error of the internal SPS receiver clock bias.

[0033] In some embodiments, the method includes calculating an internal SPS receiver

clock bias by considering the WLAN AP reference location as an initial position.

[0034] In one aspect the disclosed subject matter relates to a system for determining the

location of a WLAN and satellite enabled device to detect moved WLAN access points (APs)

can include a hybrid positioning module, a WLAN module for receiving information from one

or more WLAN access points, a satellite positioning module for providing a plurality of

possible device locations of the device based on satellite information from at least two different

satellites, a reference database for storing reference locations for each WLAN AP, and logic

contained in the positioning module for calculating a distance between each reference WLAN

AP location and the possible SPS location solutions and if the distance between the reference

WLAN AP location and the SPS location solutions is far, determining that the reference

WLAN AP location is incorrect.

[0035] In some embodiments, the possible SPS location solutions of the device can include

a region of possible location solutions for the device.



[0036] In some embodiments, the reference WLAN AP location is far from the SPS

locations solutions if the distance is an order of magnitude above the coverage area of the AP.

[0037] In some embodiments, the logic can be configured to measure a consistency

between the satellite measurements and the WLAN AP reference location.

[0038] In some embodiments, the WLAN AP reference location consistency with the

satellite information can be measured by applying each of the WLAN AP reference locations

to the satellite measurements and calculating an internal SPS receiver clock bias for each

WLAN AP reference location.

[0039] In some embodiments, a consistency of the internal SPS receiver clock bias for each

of the WLAN AP locations can be used as an indication of distance between the WLAN AP

location and the possible SPS location solutions of the device.

[0040] In some embodiments, calculating the consistency of the internal SPS receiver clock

bias for each WLAN AP reference location can include calculating the standard deviation or

the mean square error of the internal SPS receiver clock bias.

[0041] In another aspect of the invention, the disclosed subject matter generally relates to

hybrid positioning systems and methods, more specifically, systems and methods of integrating

a wireless local area network (WLAN) based positioning system (WLAN-PS) and a satellite

positioning system (SPS) to improve accuracy of location estimates by selecting the best set of

measurements from both systems.

[0042] In one aspect the disclosed subject matter relates to a method of measuring the

location of a device in a hybrid positioning system using satellite and WLAN positioning

information, the method including determining a WLAN based location estimate for a WLAN

and satellite enabled device based on one or more WLAN access points, obtaining satellite

measurements for the WLAN and satellite enabled device from at least three different satellites,

selecting the satellite measurements which are consistent with the WLAN based location

estimate, and determining a final location estimate using the WLAN access points and the

selected set of satellite measurements.

[0043] In some embodiments, consistent with the WLAN based location estimate can

include a satellite measurement that is within the expected error of the WLAN access points

location estimate.

[0044] In some embodiments, consistent with the WLAN based location estimate can

include a satellite measurement that is within 100 meters of the WLAN based location

estimate.



[0045] In some embodiments, the step of selecting the satellite measurements which are

consistent with the WLAN based location estimate can include eliminating satellite

measurements which are not consistent with the WLAN based location estimate.

[0046] In some embodiments, the satellite measurements can include a cluster.

[0047] In some embodiments, each cluster of satellite measurements can include a satellite

based location estimate or set of possible locations for the mobile device.

[0048] In some embodiments, selecting the satellite based location estimate can include a

set of possible locations that is closest to the WLAN based location estimate.

[0049] In some embodiments, the satellite measurements can include a satellite based

location solution in the form of a region, a surface, or a curve.

[0050] In some embodiments, selecting satellite measurements can include a small distance

to the WLAN based location estimate.

[0051] In some embodiments, the small distance is on the order often meters.

[0052] In some embodiments, eliminating satellite measurements can include a large

distance to the WLAN based location estimate.

[0053] In some embodiments, the large distance can include the order of one hundred

meters.

[0054] In some embodiments, the satellite measurements can include satellite position data,

satellite velocity data, psuedorange measurement, Doppler frequency measurement, and time of

signal transmission.

[0055] In one aspect, the disclosed subject matter relates to a mobile device having a

hybrid positioning system for increasing the accuracy of a WLAN based position estimate

using satellite positioning information, the mobile device can include, a hybrid positioning

module, a WLAN module for receiving information from one or more WLAN access points

and determining a WLAN based location estimate, a satellite positioning module for obtaining

satellite measurements from at least three different satellites, and logic located in the hybrid

positioning module for selecting the satellite measurements which are consistent with the

WLAN based location estimate and for determining a final location estimate using the WLAN

access points and the selected set of satellite measurements.

[0056] In some aspects, the disclosed subject matter relates to a method of measuring the

location of a device in a hybrid positioning system using satellite and WLAN positioning

information, the method can include, determining a WLAN based location estimate for a

WLAN and satellite enabled device based on one or more WLAN access points, obtaining



satellite measurements for the WLAN and satellite enabled device from at least five different

satellites, determining a plurality of satellite based location estimates using sets of at least four

satellite measurements selected from the at least five different satellites, selecting the satellite

based location estimate that is consistent with the WLAN based location estimate, and

determining a final location estimate using the WLAN access points and the set of satellites

that provided the selected satellite based location estimate.

[0057] In some embodiments, the WLAN based location estimate comprises a satellite

based location estimate that is within the expected error of the WLAN based location estimate.

[0058] In some embodiments, the WLAN based location estimate can include a satellite

location estimate that is within 100 meters of the WLAN based location estimate.

[0059] In some embodiments, the step of selecting the satellite based location estimates

that are consistent with the WLAN based location estimate and can include, eliminating

satellite based location estimates that are not consistent with the WLAN based location

estimate.

[0060] In some embodiments, the satellite measurements can include a cluster.

[0061] In some embodiments, each cluster of satellite measurements provides a different

satellite based location estimate for the mobile device.

[0062] In some embodiments, selecting the satellite based location can include an estimate

that is closest to the WLAN based location estimate.

[0063] In some embodiments, selecting a satellite based location having a small distance to

the WLAN based location estimate.

[0064] In some embodiments, the small distance is on the order often meters.

[0065] In some embodiments, eliminating satellite based location estimates having a large

distance to the WLAN based location estimate.

[0066] In some embodiments, the large distance can include the order of one hundred

meters.

[0067] In one aspect, the disclosed subject matter relates to a system for measuring the

location of a device in a hybrid positioning system using satellite and WLAN positioning

information, the system can include, a hybrid positioning module including a WLAN module

for receiving information from one or more WLAN access points and determining a WLAN

based location estimate, and a satellite positioning module for obtaining satellite measurements

from at least five different satellites, and logic located in the hybrid positioning module

configured to determine a plurality of satellite based location estimate using sets of at least four



satellites selected from the at least five different satellites, select the satellite based location

estimate that is consistent with the WLAN based location estimate; and determine a final

location estimate using the WLAN access points and the set of satellites that provided the

selected satellite based location estimate.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0068] For a more complete understanding of various embodiments of the present

invention, reference is now made to the following descriptions taken in connection with the

accompanying drawings in which:

[0069] Figure 1 illustrates a high-level architecture of a WLAN positing system;

[0070] Figure 2 illustrates a system for a conventional way of integrating WLAN-PS and

SPS;

[0071] Figure 3 illustrates a system of integrated WLAN-PS and SPS system, in which the

WLAN-PS detects WLAN access point (AP) movement by using SPS information, according

to one or more embodiments of the disclosed subject matter;

[0072] Figure 4A illustrates the use of an integrated WLAN-PS and SPS system to detect

WLAN access point (AP) movement, according to one or more embodiments of the disclosed

subject matter;

[0073] Figure 4B illustrates the use of an integrated WLAN-PS and SPS system to detect

WLAN access point (AP) movement, according to one or more embodiments of the disclosed

subject matter;

[0074] Figure 5 illustrates a system for selecting the best set of measurements from the

collective measurements from satellites and WLAN APs, according to one or more

embodiments of the disclosed subject matter;

[0075] Figure 6 illustrates a system for selecting the best set of satellite measurements by

using WLAN-PS, according to one or more embodiments of the disclosed subject matter; and

[0076] Figure 7 illustrates an integrated WLAN-PS and SPS system, in which WLAN APs

and SPS measurements are combined and the best set of measurements between both systems

are selected to estimate location of the mobile device, according to one or more embodiments

of the disclosed subject matter.

DETAILED DESCRIPTION

[0077] Embodiments of the disclosure provide systems and methods for detecting moved

WLAN access points in an integrated or hybrid system of WLAN-based positioning system



(WLAN-PS) and satellite-based positioning system (SPS) by using received signals from two

or more satellites. The WLAN-based positioning system relies on knowing the location of

WLAN access points and using them as reference points to estimate a location of a mobile

device. The mobile device is equipped with both a satellite receiver and a WLAN receiver for

receiving signals from satellite and WLAN access points (APs), respectively. If a WLAN

access point moves and the WLAN-based positioning system still uses the old location of the

WLAN access point as the reference location, then the WLAN-PS will report a location

corresponding to the old location of the WLAN access point, which might be far from its

current location. In an integrated system of a WLAN-based positioning system and a satellite-

based positioning system, moved WLAN access points are detected by using an SPS position

estimate or by using two or more satellites with no SPS position estimate. In situations where it

has been determined that one or more WLAN APs have moved from the location logged in the

WLAN-PS database, the new AP location can be determined and the WLAN-PS AP position

database can be updated accordingly.

[0078] In the case that an SPS location estimate does not exist, but measurements from two

satellites are acquired, the first step to detect WLAN AP movement can be to consider the

location of the WLAN AP as an initial location estimate of the mobile device. The location of

the WLAN AP can be determined by accessing the known or reference location of the WLAN

AP in a reference database. The reference database contains reference locations of a plurality

of WLAN APs. These locations may have been determined through numerous methods

including performing a site survey of the coverage area, logging location of WLAN APs at the

time of installation, or estimating the location of WLAN APs from received signal strength

(RSS) at some known locations in the coverage area. WLAN APs are uniquely identified using

their MAC (medium access control) address which is uniquely assigned to each WLAN AP by

the manufacturer.

[0079] Then, the clock bias of a SPS receiver in the mobile device can be determined based

on the measurements from all the acquired satellites in view of the mobile device and the

location of the AP. Because the measurements from all the acquired satellites are made at

substantially the same time, the same clock bias at the receiver of SPS can be used for all the

measurements. If it is assumed that N number of satellites are acquired and satellite parameters

are as follows:

Pseudo-range: P

Ionospheric delay: I



Tropospheric delay: T

Location of satellite Xs, Ys, and Zs

and WLAN AP location is shown as X, Y, and Z

the clock bias of SPS receiver is found as follows:

Ci =P - Xs -X) 2+(Ys - Y)2+(Zs -Zf - I - T - <i<N

[0080] Therefore, if the AP location is the exact location of the mobile device and that

location is applied to the above satellite measurements, the exact same clock bias will be found

from all the N satellite equations. Thus, the consistency between the calculated clock biases

based on each satellite measurement can be used as an indication of a discrepancy or distance

between the WLAN-PS initial location (WLAN AP location in this example) and the satellite

measurements (which indicate the actual location of the mobile device). If the inconsistency

between the clock bias numbers found from the SPS equations for each satellite after applying

the WLAN AP location is large, it is concluded that the WLAN AP has moved. In some cases,

the new location of WLAN AP may not be able to be determined if there is no estimate for the

location of the mobile device. Any statistical method to measure the spread of clock bias

measurements can be used here. For example, the spread can be measured by finding standard

deviation of clock bias values or mean square error (MSE) as follows:

Σ c ,
C = : = 1

N

∑ ( C - C )
MSE = : = 1

N

[0081] An example of large inconsistency or a far distance can be in the order of hundreds

of meters in case of standard deviation or if the distance is an order of magnitude larger than

the coverage area of the WLAN AP. For example, if the coverage area of the WLAN AP is

100 meters, a far distance would be on the order of 1,000 meters. However, if the coverage

area of the WLAN AP is 10 meters, a large distance would be 100 meters. Therefore, the



determination of whether or not a distance is far depends on the coverage area of the access

points being used for the location determination.

[0082] When a SPS location estimate is available, the difference between the location of

WLAN APs and the SPS location estimate can be used to detect WLAN AP movement or

confirm the general location of detected WLAN APs by the mobile device.

[0083] If the difference between location of a WLAN AP and SPS location estimate is

large (WLAN AP reference location and SPS location estimate are far from each other), i.e., an

order of magnitude higher than expected coverage of the WLAN AP, it can be concluded that

the WLAN AP has moved. The coverage of the WLAN AP might be known, for example, by

surveying the area. If the coverage of a WLAN AP is not known, a nominal coverage can be

considered. A nominal or typical coverage area of a WLAN AP can be found statistically by

measuring the coverage areas for many (e.g. thousands) of WLAN APs. Nominal coverage

areas can be defined as a sphere with the WLAN AP as the center of the sphere, having a radius

between 100m and 250m.

[0084] IfWLAN AP movement is detected, the new location in which the WLAN AP was

detected can be used to correct and update the location of the WLAN AP in the reference

database.

[0085] This process of detecting WLAN AP movement can be applied to every detected

WLAN AP.

[0086] Figure 3 illustrates a block diagram of the hybrid system of a WLAN-PS 301 and a

SPS 306, in which an SPS location estimate 312 and also raw SPS measurements 3 11 can be

provided to the WLAN-PS to detect AP movement.

[0087] The SPS 306 is an off-the-shelf, conventional satellite positioning device which

consists of the same devices as SPS 206 in Figure 2, with the addition of the raw measurement

output 3 11 and the SPS location estimate output 312. The satellite receiver and measurement

device 207 is a component of every conventional SPS receiver 306, and raw SPS

measurements are an essential part of the SPS measurement. However, here the raw SPS

measurements are used outside the SPS 306, as is shown by SPS measurement output 3 11. Not

all the commercial SPS receivers expose the raw SPS measurements to devices outside SPS

306. For example, Star III GPS manufactured by SiRF Technology, Inc. (San Jose, CA),

provides raw SPS measurements as part of its standard interface. However, there are some

other GPS receivers that do not provide such measurements. For the SPS receivers that do not



expose raw SPS measurements as part of their standard interface, the SPS receiver 306 can be

modified to permit access to the raw SPS measurements.

[0088] The WLAN-PS 301 functions in a similar manner as the WLAN-PS 201 shown in

Figure 2 except that WLAN AP selection device 303 is configured to receive raw SPS

measurements 3 11 and an SPS location estimate 312 when they are available. The integration

of the raw SPS measurement 311 and the SPS location estimate 312 with WLAN-PS 301

changes the design of WLAN APs selection device 303. The WLAN-PS 301 can take

advantage of the raw SPS measurements when at least two satellites are acquired even without

any fix or solution from the SPS 306.

[0089] WLAN APs selection device 303 receives the SPS location estimate 312 or raw SPS

measurements 3 11, if they are available, and measures the distance between the location of

each WLAN AP and the SPS location estimate or possible satellite locations solutions derived

from raw SPS measurements. WLAN APs, which are not consistent with SPS location

estimate or solutions, are declared as moved and removed from the list of APs to locate the

mobile device. The WLAN APs, which are detected as moved by WLAN AP selection device

303, are flagged and logged as being moved to a new location in the reference database.

[0090] Figure 4A illustrates an integrated WLAN-PS 401 and SPS positioning system 406.

The WLAN-PS 401 uses WLAN APs 402 to estimate the location of the mobile device and the

expected error in that location estimation 405. The expected error of the location estimate

refers to the general geographical region 405. However, in this example, the SPS 406 uses

acquired satellites 404 to report a location 403 which is far from the 405 region. Therefore, it

is concluded that the WLAN APs 402 were moved to a new area close to the location 403

reported by SPS 406.

[0091] Figure 4B illustrates an integrated WLAN-PS 401-2 and SPS 406-2, when

measurements from satellites 404-2 do not result in a location estimate of the mobile device,

but at least two satellites 404-2 are acquired. The WLAN-PS 401-2 uses WLAN APs 402-2 to

estimate the location of the mobile device. Considering the expected error of the location

estimate of the WLAN-PS, there will be a general geographical region 405-2 of the WLAN-PS

location estimate. Acquired satellites 404-2 refer to a set of possible locations for the mobile

device 403-2. If the WLAN-PS general area 405-2 is far from the SPS possible location

estimates for the mobile device 403-2, it is concluded that the WLAN APs 402-2 were moved

to the new area close to the general area reported by SPS 403-2.



[0092] Another embodiment provides a method and system to integrate WLAN-PS and

SPS by selecting the best set of raw measurements between both systems and/or rejecting low

quality measurements from either system after considering estimates from both systems.

Measurements can refer to the aggregate of WLAN-PS and SPS measurements. Considering

the aggregated set of WLAN and SPS measurements, the first step is to determine whether the

measurements from WLAN APs and the satellite measurements form more than one cluster.

[0093] Each cluster of only satellite measurements includes of a minimum of three

satellites. In the case of less than four satellite measurements in a cluster, a cluster of satellite

measurements can result in a set of possible location estimates for the mobile device in the

form of a region or an area of possible location estimates. In the case of four or more than four

satellite measurements in a cluster, a cluster of satellite measurements can result in a location

estimate for the mobile device. A cluster is defined as a set of measurements which point to a

small geographical area as a potential location for the mobile device. A small geographical area

is defined based on nominal coverage of WLAN APs, and can be on the order of a couple of

ten meters. In the case of satellite measurements, two satellites do not form a cluster. If we

consider only two satellite measurements, satellite equations are going to be as follows:

r s l = 1 + b

r s 2 = r 2 + b

In which rs is the pseudorange measurement, r is the actual distance from satellite, and b is the

clock bias of SPS receiver. The index one and two are used for a first satellite and a second

satellite. As it is seen in the above equations, there are three unknowns and two equations.

Therefore, there is a set of solutions, or for any value of the clock bias of the SPS receiver there

is a solution for \ and r2. In the case of two satellites, the consistency between the

measurements cannot be calculated. Therefore, there is no cluster of only two satellites.

However, if a location estimate from WLAN-PS is also considered, the exact distance of

satellites to the estimated location of WLAN-PS can be calculated ( 1 and r ), and the value of b

can be found from both equations. If the estimated location by WLAN-PS is correct, the

satellite measurements are correct, and the estimated location is the exact location of the

mobile device; the calculated b from both equations should be exactly the same. Otherwise,

they are different, and the difference between calculated b values from two equations is an

indication of the distance between the estimated locations of the WLAN-PS and the satellite

measurements. In other words, in the case that a cluster consists of two satellites and a location



estimate from WLAN-PS, the difference between b values is an indication of consistency of the

measurements.

[0094] In the case of three or more satellites, the consistency between satellite

measurements can be calculated. For example, the equations are going to be as follows for

three satellites measurements

r s 1 r ι + b

r s 2 ~ r 2 + b

r s 3 ~ r 3 + b

[0095] Assuming any value for clock bias of SPS receiver, b, results in solutions for r l r2,

and r3, which are the distances between three satellites, the end solution is the intersection of

three spheres. Ideally, the three spheres intersect at one point, but if they do not, the distance

between intersections is an indication of consistency between satellite measurements. The

measurements which are consistent are considered as a cluster.

[0096] If the measurements from the WLAN-PS and SPS form more than one cluster, the

clusters can be identified and the quality of each cluster can be determined. Then, the cluster

with the best quality metric can be selected to be used to calculate the location of the mobile

device. There are known methods to measure the quality of the SPS measurements, for

example, Dilution of Precision {see Global Positioning System: Signals, Measurements and

Performance by Pratap Misra and Per Enge (2006), the entire disclosure of which is herein

incorporated by reference.). The quality of clusters can be calculated based on number of

WLAN APs in each cluster, the quality of measurements from the WLAN APs, the number of

satellites, the consistency between satellite measurements and WLAN APs estimated location,

and the quality of satellite measurements.

[0097] In various embodiments, the quality metric can be an aggregate of a number WLAN

APs and satellite measurements in a cluster, it can be the number of WLAN APs in the cluster

with at least two satellites, or it can be the WLAN-PS location estimate, which is then used to

reject low quality satellite measurements when more than four satellites are acquired. In this

last embodiment, the best set of four satellites can then be used to locate the mobile device. In

another example, after collecting measurements from satellites and WLAN APs, in the first

step only WLAN APs are considered for clustering. Then all the satellite measurements are

checked against the location estimate from each cluster of WLAN APs. From the satellite

measurements, a subset is added to the associated measurements of each cluster, which is

consistent with the WLAN APs reported location.



[0098] The last step is selecting a cluster with the best quality in order to estimate the

location of the mobile device. The measurements in this cluster can be used to estimate the

location of the mobile device. An example is shown in Figure 5, in which signals from three

satellites 503, 504, 505 and WLAN APs 509 were acquired. WLAN-PS 501 results to a

location estimate 502. In this example, the WLAN APs 509 are close to each other and form

only one cluster, and three satellite 503, 504, 505 measurements can be considered two at the

time and in this case there are three different sets of solutions 506, 507, 508. However, only

one of satellite solutions 506 includes the WLAN-PS location estimate 502. Therefore, the two

satellites 503, 504 and the WLAN APs are considered to estimate the location of the mobile

device

[0099] Another embodiment provides a method and system to select the best set of SPS

satellite measurements using the WLAN-PS results. If the number of acquired satellites is

more than the minimum of four satellites required to calculate the location of the mobile

device, the SPS can select the best set of satellite measurements based on the satellite

measurements' consistency with the WLAN-PS estimate location. The SPS signal is subject to

multipath in an indoor or urban environment, which can cause large error in measurements for

some satellites. Therefore, the WLAN-PS estimation can be used as an initial estimate of the

mobile device location and can be used as another criterion to accept or reject satellite

measurements based on distance between the SPS location estimate and the WLAN-PS

estimated location. Therefore, the WLAN-PS estimated location and expected error also are

two additional parameters which can be used to select the best set of satellite measurements to

estimate the location of the mobile device using SPS.

[0100] A satellite measurement can be considered to be consistent with a WLAN based

location estimate if the distance between location estimate from the set of satellite

measurement and location estimate from WLAN APs is less than the expected error of WLAN-

PS or SPS. The expected error of the WLAN-PS can be, for example, 10 to 500 meters and the

expected error of the SPS can be, for example, 1 to 500 meters. The nominal WLAN-PS error

can be, 30 to 40 meters, and the nominal error can be, for example, 5 to 10 meters. In some

embodiments, the distance between the WLAN based location estimate and the location

estimate result from the set of satellite measurements can be measured to provide a

measurement of the consistency of the satellite measurements and the WLAN based position

estimate. For example, if the distance between the location estimate result from the set of

satellite measurement and the WLAN based location estimate is far, for example, on the order



of one hundred meters, that satellite measurement can be considered to be inconsistent with the

WLAN based position estimate. Therefore, that satellite measure can be eliminated from the

position estimation calculation. If the distance between the location estimate result from the set

of satellite measurements and the WLAN based position estimate is small, for example, on the

order often meters, those satellite measurements can be determined to be consistent with the

WLAN based position estimate and those satellite measurements can be used to estimate

location of the mobile device.

[0101] Figure 6 illustrates an integrated WLAN-PS and SPS system, in which SPS has

acquired five satellites 604, 605, 606, 607, and 608. It is shown that using satellites 604, 605,

607 and 608 (a first cluster of satellites) results in location estimate 602, which is different than

location estimate 609, which was a result of using satellites 605, 606, 607 and 608 (a second

cluster of satellites). Because WLAN-PS 601 estimated location area 603 is consistent with

estimated location 602 and not 609, the final location estimate of the mobile device is reported

as 602, which is consistent with the first cluster of satellites. Further, because satellite 606 was

the only satellite that indicated the incorrect position, it can be identified as an erroneous

satellite measurement.

[0102] Figure 7 illustrates an integrated WLAN-PS and SPS system, in which raw SPS

measurements and WLAN APs are selected in an integrated fashion.

[0103] SPS 706 includes the same modules as conventional systems, except that raw SPS

measurements from all the satellites 712 are output to a new module, combined satellite and AP

selection device 7 11, which selects the best set of raw SPS measurements and the combined

satellite and AP selection device 7 11 returns the selected set of raw SPS measurements for

position estimation calculation back to trilateration device 208 in the SPS 706. Off-the-shelf

SPS receivers 306 usually do not provide mechanisms to select raw SPS measurements outside

the module. Therefore, the SPS receiver should be modified to accommodate these

requirements.

[0104] WLAN-PS 701 consists of all the conventional modules, except selection of WLAN

APs. WLAN AP selection logic is modified and it is incorporated with raw SPS measurement

712 in combined satellite and AP selection device 7 11, which is shown outside WLAN-PS 701

and SPS 706.

[0105] The combined satellite and AP selection device 7 11 receives a list of detected

WLAN APs 713, and raw SPS measurements 712 and applies logic to select the best set of raw

SPS measurements and WLAN APs based on aggregate information provided by both systems.



Logic can be a set of computer readable instructions or software, stored on a computer readable

medium. The computer readable medium can be located in any of the devices, modules or

systems disclosed herein. Moreover, the logic processing could be controlled by a software

program on one or more computer systems or processors, or could even be partially or wholly

implemented in hardware.

[0106] A procedure is here, and generally, conceived to be a self-consistent sequence of

steps leading to a desired result. These steps are those requiring physical manipulations of

physical quantities. Usually, though not necessarily, these quantities take the form of electrical

or magnetic signals capable of being stored, transferred, combined, compared and otherwise

manipulated. It proves convenient at times, principally for reasons of common usage, to refer to

these signals as bits, values, elements, symbols, characters, terms, numbers, or the like. It

should be noted, however, that all of these and similar terms are to be associated with the

appropriate physical quantities and are merely convenient labels applied to these quantities.

[0107] Further, the manipulations performed are often referred to in terms, such as adding

or comparing, which are commonly associated with mental operations performed by a human

operator. No such capability of a human operator is necessary, or desirable in most cases, in

any of the operations described herein which form part of the present disclosure; the operations

are machine operations. Useful machines for performing the operation of the present invention

include general purpose digital computers or similar devices.

[0108] The present invention also relates to apparatus for performing these operations. This

apparatus may be specially constructed for the required purpose or it may comprise a general

purpose computer as selectively activated or reconfigured by a computer program stored in the

computer. The procedures presented herein are not inherently related to a particular computer

or other apparatus. Various general purpose machines may be used with programs written in

accordance with the teachings herein, or it may prove more convenient to construct more

specialized apparatus to perform the required method steps. The required structure for a variety

of these machines will appear from the description provided above.

[0109] Although a single computer may be used, the system according to one or more

embodiments of the invention is optionally suitably equipped with a multitude or combination

of processors or storage devices. For example, the computer may be replaced by, or combined

with, any suitable processing system operative in accordance with the concepts of

embodiments of the present invention, including sophisticated calculators, hand held,

laptop/notebook, mini, mainframe and super computers, as well as processing system network



combinations of the same. Further, portions of the system may be provided in any appropriate

electronic format, including, for example, provided over a communication line as electronic

signals, provided on CD and/or DVD, provided on optical disk memory, etc.

[0110] Any presently available or future developed computer software language and/or

hardware components can be employed in such embodiments of the present invention. For

example, at least some of the functionality mentioned above could be implemented using

Visual Basic, C, C++ or any assembly language appropriate in view of the processor being

used. It could also be written in an object-oriented and/or interpretive environment such as Java

and transported to multiple destinations to various users.

[0111] It is to be understood that the invention is not limited in its application to the details

of construction and to the arrangements of the components set forth in the foregoing

description or illustrated in the drawings. Accordingly, it will be understood that the invention

is capable of other embodiments and of being practiced and carried out in various ways. Also,

it is to be understood that the phraseology and terminology employed herein are for the purpose

of description and should not be regarded as limiting.

[0112] Those skilled in the art will appreciate that the conception, upon which this

disclosure is based, may readily be utilized as a basis for the designing of other structures,

methods and systems for carrying out the several purposes of the present invention. It is

important, therefore, that the claims be regarded as including such equivalent constructions

insofar as they do not depart from the spirit and scope of the present invention.

[0113] The many features and advantages of the embodiments of the present invention are

apparent from the detail specification, and thus, it is intended to cover all such features and

advantages of the invention that fall within the true spirit and scope of the invention. All

suitable modifications and equivalents maybe resorted to, falling within the scope of the

invention.

[0114] What is claimed is:



1. A method of using a WLAN and satellite enabled device to detect WLAN access points

(APs) that have moved, the method comprising:

detecting WLAN APs in range of the WLAN and satellite enabled device;

accessing a reference database to obtain a reference location of each WLAN AP;

obtaining satellite measurements from at least two satellites to provide a plurality of

possible SPS location solutions of the device;

calculating a distance between each reference WLAN AP location and the possible SPS

location solutions; and

if the distance between the reference WLAN AP location and the SPS location solutions

is far, determining that the WLAN AP location in the reference database is not correct.

2 . The method of claim 1, comprising notifying the reference database that the WLAN AP

location is not correct.

3 . The method of claim 1, comprising updating the reference database's location for the

WLAN AP.

4 . The method of claim 1, wherein the possible SPS location solutions of the device

comprises a region of possible location solutions for the device.

5 . The method of claim 1, wherein the reference WLAN AP location is far from the SPS

locations solutions if the distance is an order of magnitude above the coverage area of the AP.

6 . The method of claim 1 comprising measuring a consistency between the satellite

measurements and the WLAN AP reference location.

7 . The method of claim 6, wherein the WLAN AP reference location consistency with the

satellite information is measured by applying each of the WLAN AP reference locations to the

satellite measurements and calculating an internal SPS receiver clock bias for each WLAN AP

reference location.

8. The method of claim 7, wherein a consistency of the internal SPS receiver clock bias

for each of the WLAN AP locations is used as an indication of distance between the WLAN

AP location and the possible SPS location solutions of the device.



9 . The method of claim 8, wherein calculating the consistency of the internal SPS receiver

clock bias for each WLAN AP reference location comprises calculating the standard deviation

or the mean square error of the internal SPS receiver clock bias.

10. The method of claim 6 comprising calculating an internal SPS receiver clock bias by

considering the WLAN AP reference location as an initial position.

11. A system for determining the location of a WLAN and satellite enabled device to detect

moved WLAN access points (APs) comprising:

a hybrid positioning module comprising:

a WLAN module for receiving information from one or more WLAN access

points;

a satellite positioning module for providing a plurality of possible device

locations of the device based on satellite information from at least two different satellites;

a reference database for storing reference locations for each WLAN AP; and

logic contained in the positioning module for calculating a distance between each

reference WLAN AP location and the possible SPS location solutions and if the distance

between the reference WLAN AP location and the SPS location solutions is far, determining

that the reference WLAN AP location is incorrect.

12. The system of claim 11, wherein the possible SPS location solutions of the device

comprises a region of possible location solutions for the device.

13. The system of claim 11, wherein the reference WLAN AP location is far from the SPS

locations solutions if the distance is an order of magnitude above the coverage area of the AP.

14. The system of claim 11, wherein the logic is configured to measure a consistency

between the satellite measurements and the WLAN AP reference location.

15. The system of claim 14, wherein the WLAN AP reference location consistency with the

satellite information is measured by applying each of the WLAN AP reference locations to the

satellite measurements and calculating an internal SPS receiver clock bias for each WLAN AP

reference location.



16. The system of claim 15, wherein a consistency of the internal SPS receiver clock bias

for each of the WLAN AP locations is used as an indication of distance between the WLAN

AP location and the possible SPS location solutions of the device.

17. The system of claim 16, wherein calculating the consistency of the internal SPS

receiver clock bias for each WLAN AP reference location comprises calculating the standard

deviation or the mean square error of the internal SPS receiver clock bias.

18. A method of measuring the location of a device in a hybrid positioning system using

satellite and WLAN positioning information, the method comprising:

determining a WLAN based location estimate for a WLAN and satellite enabled device

based on one or more WLAN access points;

obtaining satellite measurements for the WLAN and satellite enabled device from at

least three different satellites;

selecting the satellite measurements which are consistent with the WLAN based

location estimate; and

determining a final location estimate using the WLAN access points and the selected set

of satellite measurements.

19. The method of claim 18, wherein consistent with the WLAN based location estimate

comprises a satellite measurement that is within the expected error of the WLAN access points

location estimate.

20. The method of claim 18, wherein consistent with the WLAN based location estimate

comprises a satellite measurement that is within 100 meters of the WLAN based location

estimate.

21. The method of claim 18, wherein the step of selecting the satellite measurements which

are consistent with the WLAN based location estimate comprises:

eliminating satellite measurements which are not consistent with the WLAN based

location estimate.

22. The method of claim 18, wherein the satellite measurements comprise a cluster.



23 . The method of claim 22, wherein each cluster of satellite measurements provides a

satellite based location estimate or set of possible locations for the mobile device.

24. The method of claim 23 comprising selecting the satellite based location estimate or set

of possible locations that is closest to the WLAN based location estimate.

25. The method of claim 18, wherein the satellite measurements provide a satellite based

location solution in the form of a region, a surface, or a curve.

26. The method of claim 18, comprising selecting satellite measurements having a small

distance to the WLAN based location estimate.

27. The method of claim 26, wherein the small distance is on the order often meters.

28. The method of claim 18 comprising eliminating satellite measurements having a large

distance to the WLAN based location estimate.

29. The method of claim 28, wherein the large distance is on the order of one hundred

meters.

30. The method of claim 18, wherein the satellite measurements comprise satellite position

data, satellite velocity data, psuedorange measurement, Doppler frequency measurement, and

time of signal transmission.

31. A mobile device having a hybrid positioning system for increasing the accuracy of a

WLAN based position estimate using satellite positioning information, the mobile device

comprising:

a hybrid positioning module comprising:

a WLAN module for receiving information from one or more WLAN access points and

determining a WLAN based location estimate;

a satellite positioning module for obtaining satellite measurements from at least three

different satellites; and



logic located in the hybrid positioning module for selecting the satellite measurements

which are consistent with the WLAN based location estimate and for determining a final

location estimate using the WLAN access points and the selected set of satellite measurements.

32. A method of measuring the location of a device in a hybrid positioning system using

satellite and WLAN positioning information, the method comprising:

determining a WLAN based location estimate for a WLAN and satellite enabled device

based on one or more WLAN access points;

obtaining satellite measurements for the WLAN and satellite enabled device from at

least five different satellites;

determining a plurality of satellite based location estimates using sets of at least four

satellite measurements selected from the at least five different satellites;

selecting the satellite based location estimate that is consistent with the WLAN based

location estimate; and

determining a final location estimate using the WLAN access points and the set of

satellites that provided the selected satellite based location estimate.

33. The method of claim 32, wherein consistent with the WLAN based location estimate

comprises a satellite based location estimate that is within the expected error of the WLAN

based location estimate.

34. The method of claim 32, wherein consistent with the WLAN based location estimate

comprises a satellite location estimate that is within 100 meters of the WLAN based location

estimate.

35. The method of claim 32, wherein the step of selecting the satellite based location

estimates that are consistent with the WLAN based location estimate comprises:

eliminating satellite based location estimates that are not consistent with the WLAN

based location estimate.

36. The method of claim 32, wherein the satellite measurements comprise a cluster.

37. The method of claim 36, wherein each cluster of satellite measurements provides a

different satellite based location estimate for the mobile device.



38. The method of claim 37 comprising selecting the satellite based location estimate that is

closest to the WLAN based location estimate.

39. The method of claim 32, comprising selecting a satellite based location having a small

distance to the WLAN based location estimate.

40. The method of claim 39, wherein the small distance is on the order often meters.

41. The method of claim 32 comprising eliminating satellite based location estimates

having a large distance to the WLAN based location estimate.

42. The method of claim 32, wherein the large distance is on the order of one hundred

meters.

43. A system for measuring the location of a device in a hybrid positioning system using

satellite and WLAN positioning information, the system comprising:

a hybrid positioning module comprising:

a WLAN module for receiving information from one or more WLAN access points and

determining a WLAN based location estimate;

a satellite positioning module for obtaining satellite measurements from at least five

different satellites; and

logic located in the hybrid positioning module configured to determine a plurality of

satellite based location estimate using sets of at least four satellites selected from the at least

five different satellites, select the satellite based location estimate that is consistent with the

WLAN based location estimate and determine a final location estimate using the WLAN access

points and the set of satellites that provided the selected satellite based location estimate.
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