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(57) ABSTRACT

Embodiments of an improved assisted global positioning sys-
tem (GPS) method and system are described. Wireless access
points send assistance data to GPS receivers that are inte-
grated into cellular chipsets and other chipsets. The access
points may also act as fixed location references for differen-
tial GPS (DGPS) mobile stations. Errors caused by multipath
travel of the GPS signals are reduced by using fixed location
reference receivers.
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SYSTEMS AND METHODS OF ASSISTED GPS

CROSS REFERENCE TO RELATED

APPLICATIONS
[0001] Not applicable.
BACKGROUND
[0002] The present invention relates to assisted global posi-

tioning system (GPS) devices, and in particular, to GPS
devices that include wireless communications capability.
[0003] Unless otherwise indicated herein, the approaches
described in this section are not prior art to the claims in this
application and are not admitted to be prior art by inclusion in
this section.

[0004] Global positioning system (GPS) receivers can pro-
vide location information by communicating with satellites
that orbit the earth. Such GPS information may provide posi-
tioning accuracies that are superior to alternative technolo-
gies such as cellular’s cell-ID. A GPS receiver typically
locates four or more satellites and calculates the distance to
each satellite by timing aradio signal from each satellite to the
receiver. In order to use this timing information the receiver,
has to know the location of the satellites. Since the satellites
travel in known orbit paths, the GPS receiver can receive and
store the ephemeris and/or almanac that tells the receiver the
location of the satellites at various times. Slight variations on
the positions of the satellites caused by planetary gravita-
tional pulls are also monitored by the Department of Defense
and transmitted by the satellites themselves as part of their
signals to the receivers.

[0005] A GPS receiver uses the distance/timing informa-
tion and the location of the satellites to calculate its own
position. The distance from each satellite limits the location
of the GPS receiver to a sphere centered on the satellite
location with a radius equal to the distance to the satellite. The
intersection of the four spheres (one for each satellite) pro-
vides the location of the GPS receiver.

[0006] In order for the GPS receiver to measure the travel
time between the satellite signal and the receiver, the satellite
transmits a pseudo-random code pattern. The receiver also
starts playing the same pattern. After the satellite signal
reaches the receiver, it exhibits a delay lag compared to the
receiver pattern. This delay represents the signal travel time.
Both the satellite and the receiver must use the same clock
time in order to measure this delay. The satellites use expen-
sive atomic clocks, whereas the receivers use inexpensive
quartz clocks that are recalibrated at frequent time intervals.
The receiver looks at signals from four or more different
satellites. It then draws the corresponding four or more
spheres. If there is timing inaccuracy for the receiver’s clock,
the spheres will not intersect at a single point since they will
all be offset by the same time error. The receiver can then
adjust its clock until the spheres intersect at a single point,
thereby synchronizing with the atomic clocks of the satellites.
[0007] GPS receivers may be categorized into two types,
autonomous GPS receivers and assisted GPS (A-GPS)
receivers. These types are detailed below.

[0008] Autonomous GPS receivers receive information
from orbiting satellites and perform the calculations them-
selves in order to locate their position. The information they
download from the satellites includes satellite 1D, almanac,
clock corrections and ephemeris. They use this information
along with their measured pseudorange data to calculate posi-
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tion and velocity. Autonomous GPS systems, however, have
relatively low sensitivity and cannot obtain positions in low
signal environments. They also have large initial satellite
signal acquisition times, since they need to decode the data
received from the satellites.

[0009] Assisted GPS systems resolve the sensitivity and
acquisition time limitations of autonomous GPS receivers by
using assistance data from a networked and typically AC
powered assistance server. The mobile device’s assisted GPS
receiver measures pseudoranges and Dopplers, and obtains
assistance data from the assistance server. The assistance data
from the server can include satellite ID, almanac, clock cor-
rection, ephemeris, approximate time, and approximate loca-
tion.

[0010] Assisted GPS systems are categorized into two
classes: mobile-based A-GPS and mobile A-GPS (i.e.
mobile-assisted A-GPS). A mobile-based A-GPS receiver
measures pseudoranges and Dopplers, receives the assistance
data from the assistance server, and performs the position
calculations itself. A mobile A-GPS receiver, on the other
hand, uses the more powerful assistance server to perform
some of the calculations for determining its position, thereby
saving the mobile device’s limited battery and CPU
resources. For example, the mobile A-GPS receiver can cal-
culate the distance to the satellites from the satellite signals
and transmit these to a cell base station tower, which in turn
forwards them to the assistance server that performs the posi-
tion calculations. The assistance server can then send the
calculated position information back to the mobile A-GPS
receiver (or in the case of emergencies, to a 911 dispatcher).

[0011] The accuracy of A-GPS is limited by variations in
the speed of the radio waves of the satellites as they travel
through the earth’s atmosphere. Differential GPS (DGPS)
reduces these errors and all other common errors (e.g., satel-
lite clock error) by using a stationary receiver with known
coordinates. This receiver compares its computed position
with its known position to calculate inaccuracies caused by
atmospheric effects and other common errors in that area. It
then broadcasts correction data to nearby DGPS receivers,
making them more accurate than standard GPS receivers.

[0012] One problem in many existing GPS systems results
from multipath signal interference. Multipath signal interfer-
ence occurs when the GPS signals from the satellite are
reflected by objects around the GPS receiver, such as build-
ings. In areas with many buildings, such as city centers,
multipath signal interference results in significant position
errors. There is a need for GPS systems that reduce multipath
signal interference.

[0013] Similar problems include shadowing and fading.
Shadowing can be caused by a large obstruction that is along
the main signal path between the transmitter and the receiver.
Shadowing can produce amplitude and phase changes on a
carrier modulated transmitted signal. Fading also describes
the distortion that a carrier-modulated signal undergoes as it
travels from the transmitter to the receiver. Multipath propa-
gation is one of the main causes of fading since it results in the
receiver receiving and superimposing multiple copies of the
transmitted signal, each traveling along different paths and
experiencing different phase shifts, attenuations and delays.
There is therefore a need for GPS systems that reduce shad-
owing and fading.
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[0014] Thus, there is a need for improved GPS systems.
The present invention solves these and other problems by
providing methods and systems for assisted GPS devices.

SUMMARY

[0015] Embodiments of the present invention improve
position determination using GPS signals. In one embodi-
ment the present invention includes a method of position
determination using GPS signals. The method includes
receiving GPS information from GPS satellites and receiving
assistance data from access points. The method further
includes computing a combined assistance data from the
assistance data. The method further includes computing a
position based on the GPS information and the combined
assistance data.

[0016] According to another embodiment of the present
invention, a computer program may implement at least part of
the method described above.

[0017] According to another embodiment of the present
invention, a GPS device may implement at least part of the
method described above.

[0018] According to another embodiment of the present
invention, an assistance server may implement at least part of
the method described above.

[0019] According to another embodiment of the present
invention, a GPS-equipped mobile station has a wireless radio
to determine its position by combining the information from
its GPS receiver with information from other wireless posi-
tioning data. The wireless radio may implement various wire-
less protocols such as cellular, WLAN, Bluetooth®, RFID,
UWB, ZigBee®, etc. The wireless positioning data may be
obtained with triangulation schemes that use time of arrival or
phase with wireless technologies such as WLAN, Blue-
tooth®, RFID, etc.

[0020] According to another embodiment of the present
invention, by combining positional information from mul-
tiple sources the effects of shadowing, fading and multipath
interference are reduced.

[0021] The following detailed description and accompany-
ing drawings provide a better understanding of the nature and
advantages of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG.1is ablock diagram of an assisted GPS system
according to an embodiment of the present invention.

[0023] FIG. 2 is a flowchart of a method of position deter-
mination using GPS signals according to an embodiment of
the present invention.

[0024] FIG.3 is ablock diagram of a GPS device according
to an embodiment of the present invention.

[0025] FIG. 4 is ablock diagram of an access point accord-
ing to an embodiment of the present invention.

[0026] FIG. 5 is a block diagram of an assistance server
according to an embodiment of the present invention.

[0027] FIG. 6 is a block diagram of a combined GPS and
wireless positioning system according to an embodiment of
the present invention.

[0028] FIG. 7 is a block diagram of a combined GPS and
wireless positioning system according to an embodiment of
the present invention.

[0029] FIG. 8 is a block diagram of a combined GPS and
wireless positioning system 800 according to an embodiment
of the present invention.
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[0030] FIG.9is ablock diagram of a mobile station accord-
ing to an embodiment of the present invention.

[0031] FIG. 10 is a block diagram of access points and
related structure according to an embodiment of the present
invention.

DETAILED DESCRIPTION

[0032] Described herein are techniques for GPS position
determination. In the following description, for purposes of
explanation, numerous examples and specific details are set
forth in order to provide a thorough understanding of the
present invention. It will be evident, however, to one skilled in
the art that the present invention as defined by the claims may
include some or all of the features in these examples alone or
in combination with other features described below, and may
further include modifications and equivalents of the features
and concepts described herein.

[0033] One of the aspects of certain embodiments of the
present invention is extending DGPS so that instead of requir-
ing separate dedicated DGPS stations, it can use existing
wireless infrastructure such as wireless local area networks
(WLANSs), WiMax networks, Bluetooth® networks, and cel-
Iular networks. For example, instead of using a dedicated
stationary receiver with known coordinates, certain embodi-
ments of the present invention use existing WLAN access
points since they too have fixed known coordinates. Wireless
access points can also perform some of the functionality of an
assistance server for A-GPS receivers, such as providing
assistance data and performing position calculations. It
should be noted that DGPS can also be viewed as a form of
assisted GPS where the assistance data includes amongst
other things range error corrections.

[0034] The deployment of wireless access points in towns
and cities is increasing. These access points may be WLAN,
WiMax, as well as other wireless technologies, and may be
equipped with GPS devices. Such access points may have
assistance servers running on them (or can communicate with
networked assistance servers) that download information
from orbiting satellites and provide assistance data to A-GPS
receivers

[0035] The information flow for both mobile-based and
mobile A-GPS using access points is detailed below. In the
case of mobile-based A-GPS, the access points improve the
start-up times of A-GPS receivers as well as DGPS receivers
by sending information (satellite ID, almanac, clock correc-
tion, ephemeris, timing information, approximate location,
and Doppler) to the receivers. In the case of mobile A-GPS,
the access points can offload limited resource mobile A-GPS
receivers by performing some of the position calculations or
by forwarding the data onto the network for another net-
worked assistance server to perform some of the calculations.
[0036] FIG.1isablock diagram of an assisted GPS system
100 according to an embodiment of the present invention. The
assisted GPS system 100 includes a number of GPS satellites
110a, 1105, 110c¢ and 1104 (collectively 110), a GPS device
120, a number of access points 130a, 1305 and 130c¢ (collec-
tively 130), a network 140, and an assistance server 150. The
GPS satellites 110 are satellites that transmit GPS informa-
tion.

[0037] The GPS device 120 may be a mobile device that
receives the GPS information. The GPS device 120 may be a
standalone device, or it may be part of another device such as
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a cellular telephone, vehicle navigation system, etc. The GPS
device 120 also exchanges information with the access points
130.

[0038] The access points 130 may be access points for
WLAN, WiMax, Bluetooth® or cellular systems. The access
points 130 interface the GPS device 120 with the network
140. For example, if the access point 130a is a WLAN access
point and the GPS device 120 includes a WLAN connection,
the GPS device has access to the network 140 using its
WLAN connection via the access point 130a. The access
points 130 are generally located at fixed locations. In addi-
tion, the access points 130 receive the GPS information from
the satellites 110, generate differential GPS information, and
transmit the differential GPS information to the GPS device
120.

[0039] The network 140 may be a computer network, a
telephone network, etc. The network 140 connects the access
points 130 with other devices or networks. According to one
embodiment, the network 140 connects to the internet.
[0040] The assistance server 150 is a device that performs
assisted GPS functionality. The assistance server 150 is
optional in the assisted GPS system 100. If the GPS device
120 performs all its GPS position calculations itself, it has no
need for an assistance server. The assistance server 150 may
be a component of, or be co-located with, one of the access
points 130. Alternatively, one of the access points 130 may be
a component of the assistance server 150.

[0041] FIG. 2 is a flowchart of a method 200 of position
determination using GPS signals according to an embodi-
ment of the present invention. The method 200 may be per-
formed by the GPS system 100 (see FIG. 1). At least parts of
the method 200 may be implemented as a computer program.
[0042] In step 210, the GPS information is received. For
example, in the GPS system 100, the GPS satellites 110
transmit the GPS information. The GPS device 120 and the
access points 130 receive the GPS information.

[0043] In step 220, the assistance data is computed. For
example, in the GPS system 100, each of the access points
130 computes assistance data based ona comparison between
its position calculated from the GPS information and its
known position. Since the access points 130 may be installed
at fixed locations, the difference between their known posi-
tion and the calculated GPS position gives an indication of the
range errors to be included as differential GPS information as
the assistance data.

[0044] In step 230, the assistance data is received. For
example, in the GPS system 100, the GPS device 120 receives
the assistance data from the access points 130. The GPS
device 120 may transmit a request for the assistance data, or
it may receive assistance data that is broadcast by each of the
access points 130. The GPS device 120 may receive assis-
tance data from two or more of the access points 130, with
others of the access points 130 being out of range.

[0045] In step 240, the assistance data is selected. Some or
all of the assistance data received in step 230 may be selected
for further processing. The selection may be based on a
threshold criterion. The threshold criterion may be based on a
physical characteristic of the received signal containing the
assistance data, such as power level or phase differential.
[0046] For example, in the GPS system 100, the GPS
device 120 may perform the selection of the assistance data.
Assume the GPS device 120 receives assistance data from the
access point 130a at a relative power level of 1.0, assistance
data from the access point 1305 at a relative power level of
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0.9, and assistance data from the access point 130c¢ at a rela-
tive power level of 0.5. Further assume that the selection
threshold is 0.6. In such a case, the GPS device 120 may select
the assistance data from the access points 130a and 1305 (and
exclude the assistance data from the access point 130c¢ from
the selection). The threshold criterion may also be based on
other information known to the access points 130. For
example, if the access point 130a knows it is surrounded by
buildings and is thus susceptible to multipath interference, the
access point 130a may supply this information to the GPS
device 120 as part of the assistance data. The GPS device may
then apply this information, for example as an adjustment
factor, to the threshold information.

[0047] As another example, instead of the GPS device 120
performing the selection, the assistance server 150 may per-
form the selection. The GPS device 120 may send the assis-
tance data and the threshold information to the assistance
server 150 as part of a request to perform assistance process-
ing. The assistance server 150 then performs the selection as
described above and may send the selected assistance data to
the GPS device 120. The assistance server 150 can use addi-
tional information in performing the selection. This addi-
tional information may be based on additional physical
attributes of the access points 130 known to the assistance
server 150 (or provided to the assistance server 150 by the
access points 130). For example, the assistance server 150
may know that the access point 130a is surrounded by build-
ings and is thus susceptible to multipath interference. In such
a case, the assistance server 150 may apply an adjustment
factor to the threshold information. As a result, the assistance
data from the access point 130a may not be included in the
selection.

[0048] In step 250, the combined assistance data is com-
puted from the selected assistance data. There are a number of
ways to compute the combined assistance data. One way is to
compute an average of the selected assistance data.

[0049] Another way is to compute a weighted average of
the selected assistance data. There are various ways to assign
weights to the assistance data. One way to assign weights is
based on the relative distance between the devices exchang-
ing the assistance data, where closer devices receive more
weight. The relative distance may be determined based on a
physical characteristic of areceived signal (such as the signal
containing the assistance data), such as the power level or
phase differential. For example, to determine the phase dif-
ferential, the phase of the received signal may be compared to
the phase of a pilot signal. The phase differential is then
indicative of the distance between devices.

[0050] An example of a weighted average of assisted data
based on distance is as follows. Consider the case where there
are four access points: AP, AP,, AP;, and AP, whose dis-
tances from amobile station ared, , d,, d; and d,, respectively.
Suppose that the differential correction term provided by
access points AP,, AP,, AP;,and AP, are X |, X,, X5 and X,
respectively. Then the distance-based weighted average dif-
ferential correction term X is:

(@1 X1 + @2 X2 + a3 X3 + @aXy)

(a1 + a2 + a3 +ay)
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Where o, a5, 0.5, and o, are the normalized weights for AP,
AP,, AP;, and AP, respectively and are as follows:

-1 _di _di d _di
@) = ’wz_dz’w3_d3 an 11“4—d4

The distances can be calculated from signal power or phase
measurements.

[0051] The assigned weight may be linear, inverse linear,
square, inverse square, a combination thereof, etc., depending
upon the physical attributes of the received signal.

[0052] For example, in the GPS system 100, the GPS
device 120 may compute the combined assistance data. The
GPS device 120 may apply a weight to the selected assistance
data based on the physical characteristics of the signals
received from the corresponding access points 130.

[0053] As another example, instead of the GPS device 120
performing the computation, the assistance server 150 may
perform the computation. If the assistance server 150 did not
select the assistance data, the GPS device 120 may send the
selected assistance data to the assistance server 150 as part of
a request to perform assistance processing. The GPS device
120 may also send to the assistance server 150 physical infor-
mation about the signals received from the corresponding
access points 130 so that the assistance server 150 may deter-
mine the weights, or the GPS device 120 may determine the
weights itself and send the determined weight information
(instead of the raw physical information) to the assistance
server 150. The assistance server 150 then performs the com-
putation as described above and may send the combined
assistance data to the GPS device 120.

[0054] Instep 260, the position is computed using the GPS
information and the combined assistance data. For example,
in the GPS system 100, the GPS device 120 may compute its
position using the GPS information it has received from the
satellites 110 and the combined assistance data. The GPS
device 120 may then display the position information, pro-
vide it to a 911 service provider, etc.

[0055] As another example, instead of the GPS device 120
computing the position, the assistance server 150 may com-
pute the position of the GPS device 120. The GPS device 120
may send the GPS information to the assistance server 150 as
part of a request to perform assistance processing. The GPS
device 120 may also send the combined assistance data if the
assistance server 150 does not otherwise have it. The assis-
tance server 150 then computes the position of the GPS
device using the GPS information and the combined assis-
tance data, and may transmit the position information to the
GPS device 120. The assistance server 150 may also provide
the position information to other entities (for example, 911
service providers) as desired.

[0056] FIG. 3 is a block diagram of a GPS device 300
according to an embodiment of the present invention. The
GPS device 300 may be referred to as the mobile device and
may be similar to the GPS device 120 (see FIG. 1). The GPS
device 300 includes a processor 310, a memory 320, a GPS
module 330, a Bluetooth® module 340, and a WLAN module
350.

[0057] The processor 310 generally controls the operation
of the GPS device 300. The processor 310 may execute a
computer program that implements at least part of the method
200.
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[0058] The memory 320 generally stores various informa-
tion used by the GPS device 300. Such information may
include a computer program that implements at least part of
the method 200.

[0059] The GPS module 330 generally receives GPS sig-
nals and processes the UPS signals to determine the position
of the GPS device 300. The GPS module 330 may include
assisted GPS functionality as described above.

[0060] The Bluetooth® module 340 communicates with an
access point via the Bluetooth® protocol. According to other
embodiments, the Bluetooth® module 340 may be replaced
with another type of communications device, such as a
WLAN module, a WiMax module or a cellular module.
[0061] The WLAN module 350 communicates with an
access point via the WLAN protocol. According to other
embodiments, the WLAN module 350 may be replaced with
another type of communications device, such as a Blue-
tooth® module, a WiMax module or a cellular module. The
GPS device 300 may only include one type of communica-
tions module, in which case the WLAN module 350 is an
optional component.

[0062] The digital interface between the GPS module 330
and the WLAN module 350 or Bluetooth® module 340 in the
GPS device 300 may be USB, DART, SPI, or 12C.

[0063] FIG. 4 is a block diagram of an access point 400
according to an embodiment of the present invention. The
access point 400 may be referred to as the base station and
may be similar to one of the access points 130 (see FIG. 1).
The access point 400 includes a processor 410, a memory
420, a GPS module 430, a Bluetooth® module 440, and a
WLAN module 450.

[0064] The processor 410 generally controls the operation
of the access point 400. The processor 410 may execute a
computer program that implements at least part of the method
200.

[0065] The memory 420 generally stores various informa-
tion used by the access point 400. Such information may
include a computer program that implements at least part of
the method 200.

[0066] The GPS module 430 generally receives GPS sig-
nals and processes the GPS signals to determine the position
of the access point 400. The GPS module 430 may include
assisted GPS functionality as described above.

[0067] The Bluetooth® module 440 communicates with a
mobile device via the Bluetooth® protocol. According to
other embodiments, the Bluetooth® module 440 may be
replaced with another type of communications device, such
as a WLAN module, a WiMax module or a cellular module.
[0068] The WLAN module 450 communicates with a
mobile device via the WL AN protocol. According to other
embodiments, the WLAN module 450 may be replaced with
another type of communications device, such as a Blue-
tooth® module, a WiMax module or a cellular module. The
access point 400 may only include one type of communica-
tions module, in which case the WLAN module 450 is an
optional component.

[0069] The digital interface between the GPS module 430
and the WLAN module 450 or Bluetooth® module 440 in the
access point 400 may be USB, UART, SPI, or I12C.

[0070] FIG.5is ablock diagram of an assistance server 500
according to an embodiment of the present invention. The
assistance server 500 may be similar to the assistance server
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150 (sec FIG. 1). The assistance server 500 includes a pro-
cessor 510, a memory 520, and a communications module
530.

[0071] The processor 510 generally controls the operation
of the assistance server 500. The processor 510 may execute
a computer program that implements at least part of the
method 200.

[0072] The memory 520 generally stores various informa-
tion used by the assistance server 500. Such information may
include a computer program that implements at least part of
the method 200.

[0073] The communications module 530 generally links
the assistance server 500 with the network 140.

[0074] More details of embodiments of the present inven-
tion are provided below.

[0075] As discussed above regarding the method 200, there
are various options for embodiments of the GPS device 120
and the assistance server 150. According to one embodiment,
the GPS device 120 combines the assistance data and com-
putes its position using the GPS information and the com-
bined assistance data. According to another embodiment, the
assistance server 150 combines the assistance data, and GPS
device 120 computes its position using the GPS information
and the combined assistance data. According to another
embodiment, the GPS device 120 combines the assistance
data, and the assistance server 150 computes the position of
the GPS device 120 using the GPS information and the com-
bined assistance data. According to another embodiment, the
assistance server 150 combines the assistance data and com-
putes the position of the GPS device 120 using the GPS
information and the combined assistance data. (Note that in
the above descriptions of the embodiments, the details of the
information transferred between the GPS device 120 and the
assistance server 150 are omitted.)

[0076] Because the locations of wireless access points are
fixed, they may also be used as reference receivers for DGPS
receivers. For example, the GPS receiver of an access point
may receive signals from all the satellites in its view and then
compute its position. [t may then compare its computed posi-
tion with its known coordinates in order to calculate range
errors (caused by atmospheric effects, satellite clock errors,
etc) for each satellite. The access point may then send (with
wireless and wired networking) correction data to nearby
DGPS receivers to make them more accurate. This transmis-
sion may be broadcast at regular time intervals or whenever a
DGPS receiver requests assistance data. The DGPS receivers
may use the correction data to correct the satellite signals they
are receiving in order to get more accurate position informa-
tion. The access points may re-compute and re-broadcast the
correction data at regular intervals in order to correct for
changing atmospheric conditions. The closer a DGPS mobile
station is to a reference access point, the more accurate its
computed position may be. A DGPS mobile station may use
the correction data from more than one access point to
improve its accuracy even further.

[0077] DGPS systems may be categorized into two classes:
mobile-based DGPS and mobile DGPS. If the DGPS receiver
has limited processing or battery power, then mobile DGPS
may be used where the DGPS receiver communicates with a
more powerful networked assistance server and shares the
tasks required to use correction data to calculate positions.
For example, the DGPS receiver may calculate the distances
to the satellites from the four satellite signals and may trans-
mit these together with the correction data to a WL AN access
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point or cellular base station tower, which in turn forwards
them to an assistance server that performs the position calcu-
lations. The assistance server can then use the network to send
the calculated position back to the DGPS receiver or in the
case of emergencies to a 911 dispatcher. The assistance server
may or may not physically reside on the access points. The
functionality of the assistance server may be physically inside
the WLAN/WiMax access points or cellular base-station tow-
ers. Alternatively, if the mobile station has the computing
power, it can perform the calculations itselfas a mobile-based
DGPS system.

[0078] The GPS receivers may be integrated into cellular
chipsets such as CDMA and UMTS/GPS, as well as other
wireless standards such as WLAN, Bluetooth®, UWB or
combinations of them. The wireless access point has stored its
absolute position information in its memory. It also may store
any assistance data that it receives from satellites in its
memory.

[0079] The GPS-equipped mobile station may also use
wireless power control techniques to conserve its battery
energy. For example, Bluetooth® communication has a
shorter range than WLAN, but consumes significantly less
power. Thus, a mobile-station that needs to conserve battery
power may communicate with a nearby access point using its
Bluetooth® module rather than WLAN (the base-station is
also equipped with a Bluetooth® module). It may also use the
transmit power control option of the 802.11 WL AN standard
for conserving power in the uplink transmissions (from the
mobile to the access point). Transmit power control within
802.11 allows the device to use the best transmission power
level out of several available power levels.

[0080] After computing or receiving (from an assistance
server) latitude, longitude and altitude positions, the mobile-
based A-GPS receivers, mobile A-GPS receivers, mobile-
based DGPS receivers or mobile DGPS receivers may super-
impose their location onto maps that are stored in their
memory. This improves the user interface for navigation by
the user.

[0081] A GPS-equipped mobile station may switch
between mobile-based A-GPS and mobile A-GPS configura-
tions. Likewise, a DGPS-equipped mobile station may switch
between mobile-based DGPS and mobile DGPS configura-
tions. For example, a mobile-based A-GPS receiver that
becomes resource-limited (CPU cycles, battery energy, etc.)
may become mobile A-GPS and transfer its data to an assis-
tance server for processing. The reverse is also true where a
mobile A-GPS receiver that gains additional resource capac-
ity (e.g., CPU availability) switches to amobile-based A-GPS
receiver and performs the position calculations itself.

[0082] In another embodiment, if the connection to an
access point falls below a certain threshold or is lost alto-
gether, then the mobile-station may switch to other reference
access points. For example, it can switch from one WLAN
access point to another WLAN access point, or it can han-
dover from a WLAN access point to a WiMax access point or
cellular base-station tower. This switching may be imple-
mented using access point handover algorithms. In another
approach, the mobile station may also use assistance data or
reference correction data (for DGPS) from different access
points that are nearby (WLAN, WiMazx, cellular) in order to
improve accuracy.

[0083] Besides the options for assigning weights to the
assistance data as described above regarding step 250,
another way to assign weights is by communications proto-
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col. If the mobile device includes two types of communica-
tions modules, with one having a shorter range than the other,
a higher weight may be assigned to the assistance data
received via the shorter range protocol. For example, for the
GPS device 300, the Bluetooth® module 340 has a shorter
range than the WLAN module 350. The weight assigned to
assistance data received via the Bluetooth® module 340 may
be assigned a higher weight than that received via the WLAN
module 350. In essence the weights are assigned based on
physical attributes of the received signal (such as received
power), which in turn can be related to the type of protocol
used. For example, some protocols such as Bluetooth are
typically for shorter range communication and hence can
result in stronger received signal power than signals that
travel longer distances, such as cellular signals.

[0084] Another source of error in DGPS systems is reflec-
tions of the satellite transmitted signals. These reflections or
multipath interference cause delays that get translated into
range errors when they are multiplied by the speed of light.
Another aspect of certain embodiments of the present inven-
tion is to reduce the errors caused by multipath travel by using
several nearby fixed location reference receivers. These ref-
erence receivers may be selected either by the GPS receiver
itself or by the assistance server. The selection can be based
on certain criteria such as received signal strength by the GPS
receiver or the relative geometry of the reference receivers.
Since different reference receivers will experience different
multipath travel delay characteristics, the result of combining
and optimizing the resulting calculated position coordinates
or correction terms will improve accuracy of DGPS systems.
This combing and optimization algorithm may be performed
on a server that may or may not reside on one of the fixed
location reference receivers. Yet another approach is to use a
nearby access point as a reference receiver since it experi-
ences similar multipath reflections as the DGPS mobile sta-
tion. Since the location of the access point is known, it can
correct for atmospheric effects, multipath errors, and other
COmMmMmon errors.

[0085] FIG. 6 is a block diagram of a combined GPS and
wireless positioning system 600 according to an embodiment
of the present invention. The system 600 includes satellites
602a, 6025, 602¢ and 602d (collectively satellites 602); a
wireless access point 604; and a mobile station 606. In gen-
eral, the GPS equipped mobile station 606 includes a wireless
radio to determine its position by combining the information
from its GPS receiver with information from other wireless
positioning data. The wireless radio may implement various
wireless protocols such as cellular, WLAN, Bluetooth®,
RFID, UWB, ZigBee®, etc. The wireless positioning data
may be obtained with triangulation schemes that use time of
arrival or phase with wireless technologies such as WLAN,
Bluetooth®, RFID, etc. By combining positional information
from multiple sources the effects of shadowing, fading and
multipath interference are reduced.

[0086] Wireless access points (such as the wireless access
point 604) may be deployed in towns and cities. These access
points may be equipped with GPS. Thus in addition to pro-
viding wireless access to the Internet or to cellular networks,
they may also provide GPS assistance data via a GPS assis-
tance manager. Since the location of these access points is
usually fixed and known, they may also provide GPS differ-
ential information via a GPS differential correction manager.
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[0087] The wireless access point 604 includes a GPS
receiver 610, a GPS assistance manager 612, a GPS differen-
tial correction manager 614, and a wireless transmitter and
receiver 616.

[0088] The mobile station 606 includes a wireless core
receiver 620, a GPS core receiver 622, a wireless differential
correction data decoder 624, a wireless assistance data
decoder 626, a wireless measurement engine 628, a GPS
measurement engine 630, a wireless navigation engine 632, a
GPS navigation engine 634, and a combined navigation pro-
cessor 636.

[0089] In FIG. 6 the wireless receiver in the access point
604 may be cellular, WLAN (802.11%), Bluetooth®, UWB,
RFID, ZigBee®, etc. As we shall see later in FIG. 9 the mobile
station may have multiple wireless radios and may combine
the information from more than one type of access point.
[0090] The wireless access point 604 and components
thereof may generally operate as described above regarding
the access point 130 (see FIG. 1) or the access point 400 (see
FIG. 4). The GPS receiver 610 receives GPS signals from the
satellites 602. The GPS assistance manager 612 performs
GPS assistance functions. The GPS differential correction
manager performs differential GPS functions. The wireless
transmitter and receiver 616 communicates with mobile sta-
tions such as the mobile station 606.

[0091] More specifically, the GPS assistance manager 612
encodes and formats the GPS assistance data based on some
specific protocol such as Secure User Plane Location protocol
(SUPL). Similarly, the GPS differential correction manager
614 encodes and formats the GPS differential correction data.
[0092] The GPS core receiver 622 receives the GPS RF
signal from all visible satellites, down-converts the signals,
correlates and dispreads the signals using the locally gener-
ated codes, and provides the baseband In-phase (I) and
Quadrature (Q) symbols to the GPS measurement engine 630.
[0093] The GPS measurement engine 630 processes the |
and Q symbols and to generate the GPS raw measurements
such as the pseudoranges, dopplers, and integrated carrier
phase (p, &¢ ) for all the visible satellites. These raw measure-
ments are then provided to the GPS navigation engine 634.
[0094] The GPS navigation engine 634 receives the GPS
raw measurements and calculates position, velocity, and time
(P,V,T). This may include Kalman filtering for getting better
estimates.

[0095] The wireless core receiver 620 receives the wireless
RF signal, down-converts, demodulates, and decodes the sig-
nal. Note that the wireless communication may be based on
any standard, e.g., Bluetooth®, ZigBee®, 802.11x, etc. The
wireless core receiver 620 provides the baseband I and Q
symbols.

[0096] The wireless measurement engine 628 receives the |
and Q symbols and generates the raw measurements for navi-
gation. Such measurements may include pseudoranges, dop-
plers, and integrated carrier phases (p, &¢ ) for all the wireless
access points in the region.

[0097] The wireless navigation engine 632 receives the raw
navigation measurements and calculates position, velocity,
and time (P,V,T).

[0098] The wireless assistance data decoder 626 and the
wireless differential correction data decoder 624 are the peer
entities of the GPS assistance manager 612 and the GPS
differential correction manager 614, respectively decoding
their data.
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[0099] The combined navigation processor 636 imple-
ments various signal processing and optimization algorithms
in order to combine different data from the GPS receiver 622
with the data from the wireless receiver 620. Examples of
such algorithms include Weighted Least Squares and
Extended Kalman Filters. The actual architecture and imple-
mentation mechanism of such signal processing algorithms
may depend on the type of data provided to the combined
navigation processor 636. The following schemes specify the
different possibilities of the data types which may be pro-
vided to this block. (Note that any combination of these
integration schemes may be implemented in various embodi-
ments of the present invention.)

[0100] Scheme 1: In this integration scheme, the wireless
access point 604 provides GPS assistance data to the mobile
station 606. Such assistance data may include reference time,
the ID’s and ephemerides of the satellites to be tracked,
decoded navigation data, etc.

[0101] Scheme 2: In this scheme, wireless access point 604
has been provided with its true location and, given its own
GPS measured location, can therefore calculate the measured
range errors for each of the visible satellites 602. Note that the
wireless access point 604 and the wireless terminal 606 are
assumed to be relatively close to each other and hence they
experience many common error sources, e.g., atmospheric
errors. So in this integration scheme, the wireless access point
604 provides its calculated errors to the wireless terminal 606
which may then use them as differential correction terms and
cancel out the common errors and achieve better accuracy.
[0102] Scheme 3: In this scheme, the final PVT solution of
the GPS receiver 622 is provided to the combined navigation
processor 636, which may then combine it with the different
data coming from the wireless receiver 620.

[0103] Scheme 4: In this scheme, the raw GPS measure-
ments such as pseudoranges, dopplers, and carrier phases are
provided to the combined navigation processor 636.

[0104] Scheme 5: In this scheme, the combined navigation
processor 636 receives the actual 1 and Q symbols directly
from the core GPS receiver module 622. To achieve a tight
form of integration, an embodiment of the present invention
may combine this scheme with Scheme 8, where the [ and Q
data out of the core wireless receiver 620 are also provided to
the combined navigation processor 636.

[0105] Scheme 6: In this scheme, the final PVT solution
obtained independently by the wireless receiver 620 (e.g.,
through triangulation using multiple wireless access points)
is provided to the combined navigation processor 636, which
may then combine it with the different data coming from the
GPS receiver 622.

[0106] Scheme 7: In this scheme, the raw navigation mea-
surements such as pseudoranges, dopplers, and carrier
phases, generated by the wireless receiver 620, are provided
to the combined navigation processor 636.

[0107] Scheme 8: In this scheme, the combined navigation
processor 636 receives the actual 1 and Q symbols directly
from the core wireless receiver module 620.

[0108] The embodiment of FIG. 6 shows one access point
614 and one mobile station 606 combining their data. Since
each can provide 3 different inputs to the combined naviga-
tion processor 636 (marked 638¢, 6384, 638¢ and 6387, 6382,
638/) this creates 3x3=9 possible combinations. For each of
these combinations there are 4 cases (assistance data, no
assistance data, differential correction, and no differential
correction), giving a total of 9x4=36 cases. In the general
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cases where there are N access points, then the combined
navigation processor 636 has a total of 3x(N+1)x4xN pos-
sible combinations.

[0109] According to another embodiment, the combined
navigation processor 636 may be inside the wireless access
point 604 instead of the mobile station 606. In such a scenario
the signal processing and optimization algorithms for com-
bining different data from the GPS receiver 622 with the data
from the wireless receiver 620 is carried out inside the access
point 604. This offloads the mobile station 606 from having to
perform the processing, but it does require the mobile station
606 to send its data to the access point 604 and the access
point 604 to send its processing results back to the mobile
station 606. For example, the processor 410 in the access
point 400 (see FIG. 4) may implement the functionality of the
combined navigation processor 636.

[0110] One example of the algorithm implemented by the
combined navigation processor 636 unit is an extended Kal-
man filter (EKF). The EKF algorithm is an iterative process
by which a vector of parameters is optimally estimated given
a dynamical model and a set of measurements at consecutive
time steps. It uses a non-linear filter function that effectively
tries to combine the measurements in some optimal fashion in
order to obtain the intended estimate.

[0111] FIG. 7 is a block diagram of a combined GPS and
wireless positioning system 700 according to an embodiment
of the present invention. The system 700 includes satellites
702a,702b,702¢ and 702d (collectively satellites 702); fixed
location access points 704a, 704b, 704¢ and 704d (collec-
tively access points 704); and a mobile station 706. The
satellites 702 and the access points 704 are similar to the
satellites 602 and access point 604, for example.

[0112] The mobile station 706 includes a wireless core
receiver 720, a GPS core receiver 722, a wireless measure-
ment engine 728, a GPS measurement engine 730, a wireless
navigation engine 732, a GPS navigation engine 734, and a
combined navigation processor 736. These elements are simi-
lar to the elements of the system 600 (see FIG. 6) described
above.

[0113] The mobile station 706 determines its position and
navigation by combining the information from its GPS
receiver 722 with information from triangulation schemes
using the wireless access points 704 (e.g. WLAN, UWB,
Bluetooth®, ZigBee®). The combined navigation processor
736 may use information from the fixed location wireless
access points 704 that use triangulation schemes with time of
arrival or phase. As shown in FIG. 7, four wireless access
points 704 with known locations (either because they are
immobile, or through GPS) are used to find range information
to the mobile station 706. The position calculation can either
be computed by one of the access points 704 and sent directly
to the combined navigation processor 736 (see dashed line),
or the measurement data can be sent by each access point 704
to the mobile station 706 for processing. The combined navi-
gation processor 736 can then combine the triangulation data
with the mobile station’s GPS receiver data.

[0114] One example for combining the measurement data

is the Extended Kalman Filter. The equation ()( (t,:):))‘ )+

K, [v[k] —h(;( (t;7).1)]) discussed in more detail below shows
how the measurement vector y[k] which can include all the
measurements is used in the filter to update the estimate of the
vector parameter of interest, X, which can include location as
a parameter.
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[0115] Inanother pending application commonly owned by
the assignee of the present application is described a method
of using RF signals transmitted from one or more RFID
readers to measure times of arrival and locate the position of
a tag using triangulation and geometric methods. See U.S.
patent application Ser. No. 11/641,624, titled “RFID Loca-
tion Systems and Methods”, filed 18 Dec. 2006, which is
incorporated herein by reference. In another pending appli-
cation commonly owned by the assignee of the present appli-
cation is described a method of determining a distance
between an RFID reader and an RFID tag by transmitting two
or more signals from the reader having two or more frequen-
cies, measuring a phase difference between backscattered
signals from the tag, and using the phase difference to deter-
mine the distance between the tag and reader. See U.S. patent
application Ser. No. 11/641,623, titled “Method and System
for Determining the Distance Between an RFID Reader and
an RFID Tag using Phase”, filed 18 Dec. 2006, which is
incorporated herein by reference. The RFID readers may be
fixed location pre-assigned readers or mobile readers with
structure to determine their positions such as being equipped
with GPS. Thus, RFID readers may be used in a similar
fashion as access points to locate a mobile station that has a
tag attached to it. This is illustrated in the embodiment of F1G.
8.

[0116] FIG. 8 is a block diagram of a combined GPS and
wireless positioning system 800 according to an embodiment
of the present invention. The system 800 includes satellites
802a, 8025, 802¢ and 8024 (collectively satellites 802); RFID
readers 804a, 8045, 804c¢ and 8044 (collectively RFID read-
ers 804); and a mobile station 806. The satellites 802 are
similar to the satellites described previously. The RFID read-
ers 804 are similar to the RFID readers described in the above
two co-pending applications that have been incorporated by
reference.

[0117] The mobile station 806 includes an RFID tag 819, a
wireless core receiver 820, a GPS core receiver 822, a wire-
less measurement engine 828, a GPS measurement engine
830, a wireless navigation engine 832, a GPS navigation
engine 834, and a combined navigation processor 836. These
elements are similar to the elements of the system 700 (see
FIG. 7) described above.

[0118] In the system 800, the tagged mobile station 806
determines its position and navigation by combining the
information from its GPS receiver 822 with information from
triangulation schemes using the RFID readers 804. The RFID
readers 804 interrogate the tag 819 attached to the mobile
station 806 and then use their wireless connectivity (e.g.
WLAN, Bluetooth®) to transmit the measured data or calcu-
lated positions (see dashed line in FIG. 8). The calculation
may be carried out with one of the readers. The combined
navigation processor 836 may then combine this data with the
data that the mobile station’s GPS receiver 822 has provided.
[0119] One example for combining the GPS and RFID
measurement data is again the Extended Kalman Filter. Again

the equation (% (t,")=4 (t,)+K,[y[k]-h4 (t,),t,)]) described
in more detail below can be used where measurement vector
y[k] incorporate both GPS and RFID measurement data.

[0120] FIG. 9 is a block diagram of a mobile station 906
according to an embodiment of the present invention. The
mobile station 906 includes a WLAN core receiver 920a, a
cellular core receiver 9205, a RFID core receiver 920c¢, and a
UWB core receiver 9204 (collectively receivers 920); a
WLAN differential correction data decoder 924a, a cellular
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differential correction data decoder 9245, a RFID differential
correction data decoder 924¢, and a UWB differential correc-
tion data decoder 9244 (collectively differential correction
data decoders 924); a WL AN assistance data decoder 926a, a
cellular assistance data decoder 92654, a RFID assistance data
decoder 926¢, and a UWB assistance data decoder 9264
(collectively assistance data decoders 926); a WLAN mea-
surement engine 928a, a cellular measurement engine 9285,
a RFID measurement engine 928¢, and a UWB measurement
engine 9284 (collectively measurement engines 928); a
WLAN navigation engine 932a, a cellular navigation engine
9325, a RFID navigation engine 932¢, and a UWB navigation
engine 9324 (collectively navigation engines 932); a GPS
core receiver 922; a GPS measurement engine 930; a GPS
navigation engine 934; and a combined navigation processor
936.

[0121] The mobile station 906 has multiple wireless radios
920. It can therefore communicate with different types of
GPS-equipped wireless access points (see FIG. 10) and com-
bine the information from them. The characteristics of these
access points differ in terms of their signal frequency, power,
signal source location, and protocol. Because of this they
exhibit different shadowing, fading and multipath effects and
combining their signals may reduce the errors caused by these
effects. For example, signals from different locations experi-
ence different multi path errors and averaging may reduce the
multipath errors. Shadowing is also location dependent so
while one access point can experience shadowing others may
not. The combining algorithm may use weights based on
criteria such as received signal strength indicator (RSSI) or
power strength, approximate location, etc. For example, at
indoor locations the signals and triangulation methods of
WLAN and RFID get more weight than GPS because GPS is
limited indoors whereas WLAN and RFID are not. At outdoor
locations, however, GPS signals may be weighted more than
WLAN and RFID. Note that the access points can have GPS
receivers and provide the information they receive to the
combined navigation processor 936, or they could use other
means such as triangulation (see the embodiment of FIG. 7 or
the embodiment of FIG. 8). There may also be hybrid
approaches where for example, some RFID readers or
WLAN access points can have GPS receivers while others
can use triangulation. Access points that have a GPS receiver
have the option of providing differential correction or assis-
tance data.

[0122] The mobile station 906 may download maps related
to its position and may use information in the maps to adjust
the weights it applies to the position information it receives.
The maps may include interior features (for example, walls)
as well as exterior features (for example, buildings or hills).
For example, if the mobile station is in a position that would,
based on the configuration of the surrounding buildings, be
susceptible to multipath interference of GPS signals, the GPS
information may receive a reduced weight by the combined
navigation processor 936. The maps may be provided from a
map server that may be a component of an access point or may
be from a map server (for example, connected to the network
140).

[0123] Themobile station 906 may also combine assistance
data and other information from access points of the same
type. This is possible since the wireless communication
mechanisms are packet-based and a particular receiver can
switch between two access points of the same type. For
example, the mobile station may combine the positioning
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information it is receiving from two or more UWB access
points by weighting their information according to various
criteria (e.g. signal or power strength, approximate location,
etc.). One such criteria is that higher strength signals get
larger weights than lower strength signals because they are
presumed to be closer to the mobile station. This example
may also be applied to other types of access points (e.g.
averaging information from two or more access point of type
RFID or ZigBee® or WLAN or cellular or Bluetooth®, etc.).
[0124] FIG.101isablock diagram ofaccess points 1004 and
related structure according to an embodiment of the present
invention. (Note the connections to FIG. 9.) The WLAN
access point 1004q includes a GPS receiver 1010a, a GPS
assistance manager 1012a, a GPS differential correction
manager 1014q, and a WLAN transmitter and receiver 1016a.
The cellular tower access point 10045 includes a GPS
receiver 10105, a GPS assistance manager 10124, a GPS
differential correction manager 10145, and a cellular trans-
mitter and receiver 101056. The RFID reader access point
1004c¢ includes a GPS receiver 1010¢, a GPS assistance man-
ager 1012¢, a GPS differential correction manager 1014¢, and
a RFID transmitter and receiver 1016c. The UWB access
point 10044 includes a GPS receiver 10104, a GPS assistance
manager 10124, a GPS differential correction manager
10144, and a UWB transmitter and receiver 1016d. These
elements are similar to the elements described above with
reference to FIG. 6.

[0125] The embodiment of FIG. 10 includes separate
physical access points for each mode of wireless communi-
cation (WLAN, Cellular, RFID, Bluetooth®, ZigBee®, etc.).
However, some or all of their functionality may be contained
in a single physical access point with only one GPS receiver.
Thus, there would be fewer inputs to the combined navigation
processor (see FIG. 9). The different radios of the access
point, however, could still contribute to triangulation
schemes.

[0126] One example for combining all the measurement
data is again the Extended Kalman Filter. Again the equation

& =4 @)+K,Iy[kl-h} (t,0)1)]) discussed in more
detail below can be used where measurement vector y[k]
incorporate all the measurement data.

[0127] Extended Kalman Filter (EKF) Details

[0128] As described above, embodiments of the present
invention may implement EKF for combining location infor-
mation. The EKF consists of two distinguishable processes.
One is typically called “measurement update” where the
available measurement vector at a time instant is used to
update the estimated vector for that time instant. The second
is typically called “time update” where the estimated vector is
propagated in time to the next time step where a new mea-
surement vector will be available.

[0129] Assume the dynamics of the user device is modeled
as:

B (O)=Ax (1), 0)+w(f)
where x(t) is the vector of the parameters to be estimated (e.g.,

position, velocity, . . . ) and w(t) is a white Gaussian noise
vector with covariance matrix Q(t):

Ew(OwT(0)]=00)d(-)

[0130] Also assume that the measurement vector y at time
1, can be written as:

VIR = (@) )+ [E]
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where v[K] is the measurement noise vector with covariance
matrix R,. Note that the vector function “h” in the above
model depends on the actual type of measurements available
to the combined navigation processor (i.c., the different inte-
gration schemes described above) and how those measure-
ments relate to the parameters that we want to estimate (e.g.,
position, velocity).

[0131] The EKF algorithm is one way to optimally estimate
the vector x given the measurement vector y.

[0132] Assume that we have X (ty") which is the a priori
estimate of “x” right before time instant t,. One can update the
estimate of x at time t, by incorporating the available mea-
surement vector y[k| using the following EKF equation:

;‘ (ZJ:):;‘ (lk7)+Kk[y/k]_h(* (AR

where K, is called the measurement update gain at time t, and
can be obtained as:

Ky =P, H, (H,P,H, +R) ™

where the matrix H is defined as:

Bh(x(r), 1)
Hyi=—
T Tx0 o)

and the matrix P,” is the a priori covariance matrix of the
estimation error vector right before time instant t,.

[0133] Now, to complete the estimation process, we need to
be able to propagate both the estimated vector as well as the
error covariance matrix to the next time step when the next
measurement vector will be available.

[0134] First, in order to propagate the estimated vector to

the next time step, the equation # (t):f()‘ (t),t)is integrated for
the duration of t,<t<t,, , and using the initial condition x(t,)=

X (t") in order to obtain x(t,, ;).
[0135] The error covariance matrix is similarly propagated

to the next time step by integrating the equation I (O=F@)P
(O+POF7+Q(1) for the same duration of t,<t<t,,, and using
the initial condition P(t,*)=P,*. As mentioned earlier, matrix
Q is the covariance matrix of the process noise in the user
dynamics model and F(t) is defined as:

f(x(0), 1)
F(t):= 720 X“):X)m, I <1<y
[0136] In addition to the embodiments described above,

various additional embodiments are contemplated according
to aspects of the present invention.

[0137] As described above (for example with reference to
FIG. 6), the combined navigation processor may be a com-
ponent of the mobile device. According to a another embodi-
ment, the combined navigation processor may be a compo-
nent of an access point (for example the access point 130a of
FIG. 1). According to another embodiment, the combined
navigation processor may be a component of an assistance
server (for example the assistance server 150 of FIG. 1).
[0138] Embodiments of the present invention are suitable
for power saving environments. For example, when the
mobile station 906 includes a Bluetooth® radio and a GPS
receiver, if the mobile station 906 is receiving good position



US 2012/0280859 Al

information via the Bluetooth® radio, the mobile station 906
may power down its GPS components and compute its posi-
tion using the position information received via the Blue-
tooth® radio.

[0139] The above description illustrates various embodi-
ments of the present invention along with examples of how
aspects of the present invention may be implemented. The
above examples and embodiments should not be deemed to
be the only embodiments, and are presented to illustrate the
flexibility and advantages of the present invention as defined
by the following claims. Based on the above disclosure and
the following claims, other arrangements, embodiments,
implementations and equivalents will be evident to those
skilled in the art and may be employed without departing
from the spirit and scope of the invention as defined by the
claims.

1-54. (canceled)
55. A method of determining a position of'a mobile device
using global positioning system (GPS) signals, the method
comprising:
receiving, at the mobile device, GPS information from a
plurality of GPS satellites, the mobile device experienc-
ing multipath interference from signals received from at
least one satellite of said plurality of GPS satellites;

selecting a particular access point from a plurality of short
range access points comprising WLAN, Bluetooth,
UWB, RFID, and ZigBee access points, the particular
access point near the mobile device and experiencing a
same multipath interference as the mobile device;

receiving GPS differential data from the particular short
range access point, the GPS differential data from the
particular access point comprising a difference between
a known distance to said at least one satellite and a
distance to said at least one satellite calculated based on
GPS information received at the particular access point
from said at least one satellite;

computing a distance from the mobile device to each of

said plurality of satellites based on the GPS information
received from said plurality of GPS satellites, the com-
puted distance to said at least one satellite affected by
said multipath interference;

compensating the effect of the multipath interference in the

computed distance from the mobile device to said at
least one satellite using said GPS differential data
received from the particular access point experiencing
the same multipath interference as the mobile station;
and

computing the position of the mobile device based on said

distance from the mobile device to each of said plurality
of satellites.

56. The method of claim 55 further comprising:

transmitting said GPS differential data to an assistance

server, wherein said assistance server performs comput-
ing said position; and

receiving said position at said mobile device from the assis-

tance server.

57. The method of claim 55, wherein the mobile station
receives a plurality of time of arrival information from said
plurality of access points, the method further comprising:

computing the position of the mobile device using triangu-

lation of'said plurality of time of arrival information; and
combining the position computed based on the distance
from the mobile station to each of the plurality of satel-
lites with the position computed based on the triangula-
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tion of the plurality of time of arrival information to
further compensate for the effect of the multipath inter-
ference.
58. The method of claim 55, wherein the mobile station
receives a plurality of phase information from said plurality
of'access points, the method further comprising:
computing the position of the mobile device using triangu-
lation of said plurality of phase information; and

combining the position computed based on the distance
from the mobile station to each of the plurality of satel-
lites with the position computed based on the triangula-
tion of the plurality of time of arrival information to
further compensate for the effect of the multipath inter-
ference.

59. The method of claim 55, wherein the multipath inter-
ference is caused by reflections of signals transmitted by
satellites on objects near the mobile device and the plurality
of'access points.

60. The method of claim 55, wherein the GPS differential
data is further for reducing errors due to variations in a speed
of radio waves travelling through the earth’s atmosphere.

61. The method of claim 55, wherein the GPS differential
data is further for reducing errors due to satellite clock inac-
curacies.

62. The method of claim 55 further comprising:

receiving a plurality of assistance data from at least one of

said plurality of access points; and

computing a combined assistance data from said plurality

of assistance data,

wherein computing said position further comprises using

said combined assistance data.

63. The method of claim 62, wherein computing said posi-
tion comprises:

computing said position by executing a weighted least

squares process on said GPS information and said com-
bined assistance data.

64. The method of claim 62, wherein computing said posi-
tion comprises:

computing said position by executing an extended Kalman

filter process on said GPS information and said com-
bined assistance data.

65. The method of claim 62, wherein computing said posi-
tion comprises:

computing said position based on said GPS information

and said combined assistance data using a first set of
weights in an indoor location and a second set of weights
in an outdoor location.

66. The method of claim 62, wherein computing said posi-
tion comprises:

computing said position based on said GPS information

having a first weight and said combined assistance data
having a second weight.

67. The method of claim 62, wherein said GPS information
includes a final position, velocity and time solution, wherein
computing said position comprises:

computing said position based on said final position, veloc-

ity and time solution having a first weight and said
combined assistance data having a second weight.

68. The method of claim 62, wherein said GPS information
includes raw GPS measurements, wherein computing said
position comprises:

computing said position based on said raw GPS measure-

ments having a first weight and said combined assis-
tance data having a second weight.
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69. The method of claim 62, wherein said GPS information
includes in-phase and quadrature symbols, wherein comput-
ing said position comprises:

computing said position based on said in-phase and

quadrature symbols having a first weight and said com-
bined assistance data having a second weight.

70. The method of claim 62, wherein said combined assis-
tance data includes a final position, velocity and time solu-
tion, wherein computing said position comprises:

computing said position based on said final position, veloc-

ity and time solution having a first weight and said GPS
information having a second weight.

71. The method of claim 62, wherein said combined assis-
tance data includes raw navigation measurements, wherein
computing said position comprises:

computing said position based on said raw navigation mea-

surements having a first weight and said GPS informa-
tion having a second weight.

72. The method of claim 62, wherein said combined assis-
tance data includes in-phase and quadrature symbols,
wherein computing said position comprises:

computing said position based on said in-phase and

quadrature symbols having a first weight and said GPS
information having a second weight.

73. The method of claim 55, wherein said selecting the
particular access point, said receiving the GPS differential
data from the particular short range access point, said com-
puting the distance from the mobile device to each of said
plurality of satellites, said compensating the effect of the
multipath interference, and said computing the position of the
mobile device are performed at the mobile station.

74. An apparatus for performing position determination
using global positioning system (GPS) signals and compen-
sating for effects of multipath signal interference, the appa-
ratus comprising:
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a GPS receiver for receiving GPS information from a plu-
rality of GPS satellites;
a wireless communication module, communicatively
coupled to said GPS receiver, the wireless communica-
tion module for receiving a plurality of GPS differential
data from a plurality of short range access points com-
prising WLAN, Bluetooth, UWB, RFID, and ZigBee
access points, the GPS differential data received from
each access point comprising a difference between a
known distance to said at least one satellite and a dis-
tance to said at least one satellite calculated based on
GPS information received at the access point from said
at least one satellite; and
a navigation processor, communicatively coupled to said
GPS receiver and said wireless communication module,
the navigation processor for:
selecting a particular access point from the plurality of
access points, the selected particular access point near
said apparatus and experiencing a same multipath
signal interference as said apparatus;

computing a distance from the apparatus to each of said
plurality of GPS satellites based on the GPS informa-
tion received from said plurality of GPS satellites, the
computed distance to at least one satellite in said
plurality of satellites affected by said multipath signal
interference;

compensating the effect of the multipath signal interfer-
ence in the computed distance from the apparatus to
said at least one satellite using said GPS differential
data received from the particular access point experi-
encing the same multipath interference as the mobile
station; and

computing a position of the apparatus based on said
distance from the apparatus to each of said plurality of
satellites.



