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BFFERENTIAL CORRECTION SYSTEM ENHANCEMENT LEVERAGES ROVvING RECEIVERS

ENABLED FOR A NON-GFPS, SECONDARY PN&T SIGNAL 7O CHARACTERIZE LOCAL ERRBORS

TECHNICAL FiELDh

{0001]  The present disclosure relates to a differential correction system enhancement that
leverages roving receivers. In particular, it relates to a differential correction system
enhancement that feverages roving receivers enabled for a nou-global positioning system {(nou-

GPS), secondary positioning navigation and timing (PN&T) signal to characterize local errors.

SUMMARY

[8062] The present disclosure relates to a2 method, system, and apparatus for a differential
correction system enhancement that leverages roving receivers enabled for a non-GPS, secondary
PN&T signal to characterize local errors. In particular, the present disclosure teaches a system
involving a roving refercnce device (RRD) and a recerving device (RD). For this embodiment(s),
the RRD generates the differential correction information. The RRD s aware of its geographic
location. In addition, the RRD mcludes a RRD receiver {or receiving a signal from at least one
transnussion source. Also, the RRD is aware of the location of the transmission source(s). The
RRD further includes a RRD clock for collecting a first measurement of the signal. Further, the
RRI} includes a RRD memory for storing the fivst rocasurement.  Also, the RRD ncludes a RRID
processor for processing the first measurement, the location of the RRD, and the location of the
transrmssion source(s) to generate differential correction mformation. In addition, the RRD
includes a RRD transmitter for transmitting a differential correction information signal that

includes the differcniial correction information,

[86G3] The RD includes a R first receiver for receiving the signal from the transmission
source{s}, The RD 18 aware of the location of the transmission source(s). The RD further
includes a RD clock for collecting a second measurement of the signal. Further, the RD includes
a RD memory for storing the second measurement. In addition, the RD inclhudes a RD second
recetver for receiving the diffcrential correction information signal from the RRD. Also, the RD
inchides 8 RD processor for processing the differential correction information, the second
measurement, and the location of the transmission source(s) to generate a location cstimate for

RD.
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{00064] In one or more embodiments, the RRD becomes aware of its location beocause the RRD
further includes a global positioning systen {GPS) receiver for receiving GPS signals, and a8 GPS
processor for processing the GPS signals to obtain the location of the RRD. In at least one
embodiment, the RRD becomes aware of its location because the RRD further comprises a cell
eceiver to recetve signals from a cell tower, and a cell processor for processing the signals to
obtain the location of the RRID. In some embodiments, the RRD becomes aware of its location by
using an inertial reference system. In one or more embodiments, the RRD becomes aware of its

location by using mapping and/or terrain data,

[6G65]  In at least one embodiment, at least one transmission source is a sateliite, a pseudo-
satellite, a terrestrial transmitter, a Wi-Fi transmitter, and/or a cell tower transmitter, In one or
more embodiments, at least one satellite 1s a low Earth orbiting (LEGQ) satellite, a medium Earth
orbit (MEQ} satellite, and/or a geosynchronous Farth orbit (GEQO) satellite.  In some

embodiments, at least one LEO satellite 18 an Indium satellite.

[66G6] In one or more cmbodiments, the RRID is aware of the location of the transmission
source(s) because the RRD receiver receives a location signal from the transmission source(s)
indicating the location of the transmission source(s), and the RRD processor processes the
location signal to obtain the location of the transmission source(s). In at least one embodiment,
the RRI} 1s mobile and/or stationary. In some emsbodiments, the RRD transnutter transmits the

differential correction information signal wirelessly and/or on a wired connection.

[8067] In some embodiments, the RD is aware of the location of the transmission source(s}
becanse the R first receiver receives a location signal from the transmission source(s) indicating
the location of the transmission source(s), and the RD processor processes the location signal to
obtain the location of the transmission source(s). In one or more embodiments, the RRD
transmitter transmits the differential correction information signal to the RI} second receiver via

an intermediary device.

{B008]  In one or more embodimeunts, a system for providing differential corrections for
positioning involves a RRD and a RD. For these embodiments, the RD generates the differential
correction information. The RRD 1s aware of its geographic location. The RRD includes a RRD
receiver for receiving a signal from at least one transmission source. Further, the RRD includes a
RRD clock for collecting a first measurernent of the signal. Also, the RRD mcludes a RRD
transmitter for ransmitting a RRD signal that includes the first measurement and the location of

the RRD.
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[0009] The RD includes a RD first receiver for receiving the signal from the transmission
source(s). The RD is aware of the location of the transmission source(s). The RD further
includes a RO clock for collecting a second measurement of the signal. Also, the RD includes a
RID second receiver for receiving the RRD signal from the RRD. In addition, the RD includes a
RD memory for storing the second measurement, the first measurement, and the location of the
RRD. Additionally, the RD includes a RD processor for processing the second measurement and
the location of the transmission source(s) to gencrate a location estimate for the RD. Also, the
RID processor 18 used for processing the first measurement, the location of the RRD, and the
location of the transmission source(s) to generate differential correction information.
Additionally, the RD processor 18 used for processing the differential correction information and

the location estimate for the RID to generate a corrected location estimate for the RD.

{0010] For these embodiments, the RRD becomes aware of its location because the RRD
further comprises a GPS receiver for recetving GPS signals, and a GPS processor for processing
the GPS signals to obtain the location of the RRD. In at least one embodiment, the RRD
becomes aware of its location because the RRD further comprises a cell receiver to receive
signals from a cell tower, and a cell processor for processing the signals to obtain the location of
the RRD. In some cmbodiments, the RRD becomes aware of its location by using an inertial
reference systern. In at least one embodiment, the RRD becomes aware of its location by using

mapping and/or terrain data.

[8011] In at least one embodiment, the RRD is mobile and/or stationary. In onc or more
embodiments, the RRI} transmitter transmits the RRD signal wirelessly and/or on a wired
connection, In some embodiments, at least one transmission source a satellite, a pscudo-satellite,
a terrestrial transmutiter, a Wi-Fi transmitter, and/or a cell tower transmitter, In one or more
cmbodiments, at lcast one satellite is a LEQ satellite, a MEO saiellite, and/or a GEO satellite. In

one or more embodiments, at least one LEO satelltte is an Iridium satellite.

188121 In some embodiments, the RD is aware of the location of the transmission source(s)
because the RD first receiver receives a location signal from the transnussion source(s) indicating
the location of the transmission source(s), and the RD processor processes the location signal to
obtain the location of the transmission source(s). In some embodiments, the RRD transmitter

transroits the RRD signal to the RD second receiver via an interrocdiary device.

{98131 In one or more embodiments, a system for providing differential corrections for

positioning involves a RRD, a RD, and an intermediary device. For these embodiments, the
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mtermediary device generates the differential correction information. The RRD s aware of its
geographic location. The RRD includes a RRD receiver for recetving a signal from at least one
transmission source. Further, the RRD mncludes a RRD clock for collecting a first measurement
of the signal. In addition, the RRD includes a RRD transmitter for transmitting a RRD signal that

includes the first measurement and the location of the RRD.

[8014] The RD includes a RD receiver {or receiving the signal from the transmmssion source(s).
The RD also includes a RD clock for collecting a second measurement of the signal. Also, the

RD mnchudes a RD transmitter for transmitiing a RD signal that includes the sccond measurement.

[8615] The wtermediary device is aware of the location of the transmission source(s). The
intermediary device includes an intermediary first recetver for receiving the RRI} signal from the
RRD, and an intermediary second receiver for receiving the RD signal from the RD. The
intermediary device also includes an intermediary processor for processing data of the RRD
signal, data of the RD signal, and the location of the transnussion source(s) to generate a location
estimate for the RD and to generate differential correction information. Also, the intermediary
processor is used for processing the differential correction information and the location estimate

for the RD to generate a corrected location estimate for the RD,

[8816] In at least one embodiment, the transmission source(s) is a satellite, a pseudo-satellite, a
terrestrial transmitier, a Wi-Fi transmitter, and/or a cell tower transmitter. In some embodiments,
at least one salellite is a LEQ satellite, a MEO satellite, and a GEO sateliite. In one or more
cmbodiments, at least one LEO satellite 18 an Iridium satellite. In some embodiments, the RD

transrotter transmits the RD signal wirelessly and/or on a wired connection,

{8817] The features, functions, and advantages can be achieved independently in variocus

embodiments of the present inventions or may be combined in yet other embodiments.

DRAWINGS

18018] These and other features, aspects, and advantages of the present disclosure will become
better understood with regard to the following description, appended claims, and accompanying
o O 3 :‘/ Er

drawings where:

[0018] FIG. 1 shows an ombodiment of the disclosed differential correction system
enhancement that leverages roving receivers and employs a LEO satellite as a transmission
source where the roving recetver device (RRD) and the receiving device (RD) are employed

smart phones.
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[9028] FIG. 2 illustrates an embodiment of the disclosed differential correction system
enhancement that leverages roving receivers and employs a LEO satellite as a transmussion

source where the RRD processes the differential correction information.

[8021] FIG. 3 shows an embodiment of the disclosed differential correction sysiem
enhancement that leverages roving receivers and employs a LEQ satellite as a transmiussion

source where the receiving device (RD) processes the differential correction information.

18022] FIG. 4 illustrates an embodiment of the disclosed differential correction system
enhancement that leverages roving receivers and employs a LEO satellite as a transmission

source where the intermediary device processes the differential correction information.

[8023] FIG. 5 shows an embodiment of the disclosed differential correction sysiem
enhancement that leverages roving receivers and employs a Wi-Fi node as a transmission source

where the RRD processes the differential correction mformation,

DESCRIPTION

1002417  The methods and apparatus disclosed herein provide an operative system for a
differential correction system cnhancement that leverages roving receivers, Specifically, this
systemn relates to a differential correction system euhavcement that leverages roving receivers
enabled for a non-global positioning system (non-GPS), secondary positioning navigation and
timing (PN&T) signal to characterize local errors.  In particular, the present disclosure teaches
systems, methods, and devices according to various embodiments that enable a self-sustaining
differential corrections network that may use roving and/or stationary transceivers as reference

stations (e.g., roving reference devices (RRDs)) for improving positioning, navigation, and
timing solutions for other enabled local roving receivers {e.g., receiver devices (RDs)), This
disclosed differential correction system enhancement leverages roving receivers (i.e. RRIDs)
enabled for a non-GPS, secondary PN&T signal to characterize local errors. These local errors
are then used by local receiving devices (i.e. RDs) in combination with a signal to calculate an

improved PN&T estimate.

[0025]  Existing navigation and tirning signals provided by various existing satellite navigation
systems often do not provide satisfactory system performance. In particular, the signal power,
bandwidth, and geometrical leverage of such navigation and timing signals are generally

insutficient to meet the needs of many demanding usage scenarios.
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[0026] Existing navigation and timing approaches based on, for example, global positioning
system {GPS) signals may not typically be available to a navigation user in many instances.
Typically, a GPS receiver must receive at least four simultaneous ranging sources to permit three
dimensional positioning and accurate time transfer.  However, GPS signals often provide
insufficient, low-signal power or geometry to be able to readily penetrate urban canyons or walls
of buildings. Other navigation approaches based on, for example, cellular telephoue or television

signals typically lack vertical navigation information.

{80271 Exusting systerns have attempted to address indoor navigation deficiencies by the use
of various approaches, for example, internal navigation systems, specialized beacons, and highly
sensitive GPS systems. However, inertial navigation systems drift and are expensive. Beacons
require specialized fixed assets that are expensive and wvot standardized and, thus, bave only
specialized utility. Sensitive GPS systems often do not perform to user expectations due to the

weakness of the GPS signals 1 indoor environments.

[6028] Ditfferential GPS (DGPS) correction techniques enhance the accuracy and integrity of
positional data that is collected using GPS receivers, GPS receivers rely on timing satellite
signals in order to measure satellite to user range. However, within the atmosphere, the signal
speed is reduced and, thus, affocts the perception of the location of the satellite, making it scem
farther away. The ervor profile of receiver range measurements wncludes components, which are
correlated for all of the receivers operating in the same geographic area {e.g., orbit ephemeris,
clock errors, and atmospheric delays). DGPS relics on the use of two GPS receivers being in

relatively close proximity to one another so that they should have similar atmospheric errors.

[0029]  Within the basic DGPS architecture, a GPS receiver at a known location 18 often
referred to as a base or reference station. This reference station remains stationary and calculates
its own position or satellitc ranges based on local navigation satellite transmissions. The
reforence station compares this calculated position or satellite ranges with its known true
focation. This difference can be applied to other local roving GPS receivers real-time as an error
correction, and thereby often significantly irmproving performance. Generally speaking, since the
roving GPS receiver still needs to be able to track GPS satellites to apply the differcutial
correction, DGPS does not solve the problem of a GPS receiver performing a position fix indoors

or it au urban canyon.
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[0036]  Systems using Iridium or other low carth orbiting (LEQO) satellites for positioning work
well indoors due to the relatively high signal strengths received from these satellites. The

accuracy of these systems could be improved with an accurate differential correction.

[8631]  As a wide array of defense aund commercial services and products ruay be improved by
higher accessibility to indoor PN&T aiding signals, there are benefits to a system architecture
that would (1) provide the ability to track navigation signals ndoors and in urban canyons, and
{2y minimize or chiminate the need for a dedicated reference station infrastructure, which can

prove to be a barricr to entry to some approaches or applications.

[8632] The present disclosure relates generally to positioming, navigation, and timing systems
that would benefit from aiding (i.e. differential corrections) information in an attenuated
environment. More specifically, the present disclosure loverages existing roving transceivers 0
function as reference stations for other local users with enabled hardware. In at least one
eribodiment, many smart phone users in g metropolitan region may be able to both
stmultancously receive GPS and an additional non-GPS, near-carth aiding signal. The users in a
non-attenuated environment, for instance those outside with a clear sky view, can act as reference
stations for users indoors that are likely to have signal degradation/jammung wndoors. This allows
these indoor users to have their own aiding infrastructure of local reference stations without
having to develop, build, deploy, and sustain these archilecture clements of the system. In at
jeast one embodiment, navigation-enabled devices can choose to be apart of or opt out of this
architecture. For example, on sctiing up a new phone that 1s cnabled for navigation, the user is
prompted by a graphical user interface (GUI) as to whether they want to participate in this aiding
scheme. In general, the accuracy of a diufferential system 15 a function of distance to a reference
station and, thus, the users using these roving refercuce stations will have fmaproved corrections
due to their close vicinity {(i.e. reference stations within 1 kilometer (km} versus 50 km away).

[0033]  The present disclosure has several noveltics.  One novelty 1n particular relates to a
architectures are highly reliant on reference stations that must be maintained as part of &
permaneut or serat-permanent architecture.  These stations are typically surveyed so that their
positions are known to a high accuracy, which enables the station to best estimate local errors
that will 1mpact ranging sigoals so that they can be corrected. The disclosed system s self-
sustaining as in licu of semi-permanent or permanent refercnce or base stations. The system uses

other users within the local arca to develop differential corrections that can be used fo iraprove



10

[,
(4]

30

WO 2012/161923 PCT/US2012/035661
8

and/or allow mmproved PN&T solutions. Reference stations in differential correction systems
create upfront sunk costs that can become a barrter to entry to some systems or applications. The
disclosed systermn does not require these and, thus, the costs associated with them including long-

termy matntenance and surveying costs associated with these receivers also goes to zero.

[6634] Another novelty of the present disclosure is that the exemplary signal being
differentially corrected is a near-carth signal (such as a LEO satellite signal, a Wi-Fi signal, a cell
phone signal, and a pseudo-satellite signal} with sufficient transmission power to allow the signal
to penetrate an indoor environment when using an appropriate signal structure. This allows the
differential correction to aid non-GPS signal based PN&T systems whose signals can penetrate
indoors. Geolocation methods may be used to improve position estimates in lien of a surveyed

position to aid in the calculation of the differential corrections,

190351  In accordance with at least one embodiment of the present disclosure, a system in
which a mobile device that is performing accurate positioning and time (for exaruple with GPS)
can provide differential corrections from at least one radio frequency (RF) ranging source to a
second device that is unable to perform positioning (for cxample, because it is within an
atteruated environment), thereby irmproving its ability to complete positioning (for example,

because the differential corrections are collected locally).

[8036] Thoere arc mulliple embodiments that relate to where key processing 18 completed
within the system {e.g., mn R, RRD, av wnlermediary entity or device, or any combination
thereot). For cxample, in accordance with at least one ombodiment of the presentation
disclosure, a roving reference device (RRD), which is capable of transmutiing data, transmits data
to an intermediary entity for data processing. This intermediary entity or device may be
enveloped through various implementations mchuding, but not himited to, a server in a wired or
wireless network, another receiving device, and through a web-based service. The disclosed
system and method allows for “dumb” receivers with minimal processing power, or untrained
users, to utilize the systern without degradation to their receiver’s performance or to the

corrections the device receives.

[6637] It should be noted that, in one or more embodiments, the RD and RRD are identical in
terms of capabilities. For example, they may either be considered “damb receivers” or may be
capable of processing differential corrections. In other embodiments, the RD and RRD are not
identical in terms of their capabilities. In some embodiments, RRI} has the ability to process

differential corrections and transmit them directly to RD. In at least one embodiment, RD has the
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sarne capabtlitics of a RRD, except RD also has additional functionally allowing it to process the
differential corrections and correct its errors.  Furthermore, the RD and the RRD may be
navigation-cnabled cell phones supporting one another via differential corrections at different
points in time and, thus, both devices would have the additional differential correction and ervor

correction functionality.

{8038] In accordance with at least onc one embodiment of the present disclosure, a RRD
comprises a receiver capable of performing positioning and capable of recetving an alternate or
aiding signal from a near-carth source (such as a LEQO signal or a terrestrial signal); a memory to
jog data received; an optional processor to pre-process and/or process data; and a transmutter to
transmit a signal {¢.g., a RF signal) in a wired or wireless network. In one or more embodiments,
a RD comprises a fust receiver capable of receiving an aliernate or arding signal from a near-
carth source; a memory to log data received; an optional processor to pre-process and/or process
data; and a second receiver for receiving a signal {e.g. a RF signaly i a wired or wireless
network. In some embodiments, a intermediary entity comprises a receiver capable of recetving
a signal {(¢.g., a RF signal) from a RRD and may also be capable of receiving a signal (e.g., a RF
signal} from a RID; a memory to log data received; an optional processor to pre~-process and/or
process differential corrections; and a frapsmitier to transmit a signal {(e.g, a RF signal) mn a

wired or wircless network to provide processed data to a RD.

[6639] The disclosed methods and devices provide an operative system for a self-sustaining
differential corrections network. Specifically, this system relates to leveraging at least one roving
transceiver to function as a reference station for other local roving users with enabled receiving
devices.  As with a generie differential correction system, a correction s derived using a
reference station with an approximately known position. In licu of a typical stationary permanent
or semi-permanent reference station, this system uses at least one roving reference transceiver to
calculate s position using received GPS ranging signals. Additionally, the transceiver is able o
nmeasure an alternate non-GPS, near-carth signal. As this non-GPS, near-carth signal contains
sources of errors that are inconsistent with the GPS position estimate, the difference of these

estimates will characterize the local errors associated with the alternative signal.

[8046] At least one local roving receiver may be unable to use its signal (GPS) to navigate due
to the signal being uvavadable in aun attenuated or jarmwed environment. Additionally, this
receiver may be abie to receive its secondary non-(GPS, near carth signal allowing it to garner a

position estimate with localized errors. This receiver may receive data from the roving reference
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receiver cnabling it to correct these local position orrors and to navigate based on its secondary
signal 1 times of its own local GPS outages. These corrections can be applied for real-time or
post-processing error corrections. It is important to note that while in practice this process may
be occurring repeated/continucusly, this concept is explained as a snapshot in time allowing for

the concept to be more casily articulated.

[8041] In one ecmbodiment, at least one roving transceiver, Ry, takes at least one position
measurement from at least one RF signal source, S;, and at least one position measurcrent from
at least one RF signal source, Sy, In at least one embodiment, at least one of these sigoals, may
be transmitted from at least one Iridium Satellite. In one or more embodiments, the primary

PN&T signal s GPS and the second signal is an aiding signal.

[8042] In one or more ernbodiments, 4 roving transceiver, Ry, uses the ranging measurements
from S; to calculate a position estimate. As part of this disclosure, it 18 assumed the errors
assoctated with S; have been reasonably corrected {(e.g., by DGPS or by a satellitc based
augmentation system (SBAS)). In addition, the roving transceiver collects ranging measurements
from S, and compares the measurements with the position estimate to characterize the local errors

associated with S,.

100431 The characterized errors can then be transmitted along with the R; position estimate
{e.g., via broadcasting) to a local receiver, Ry, which for some reason cannot reliably use its
primary PN&T signal, The local recerver Ry uses the transmitted error information to correct its

position estimate based on its secondary PN&T signal.

[8044]  In an alicrnate embodiment, raw data, such as unprocessed measurements from 5y and
8., may be transmitted from R, to an intermediary eutity to complete some processing, which is
then made available to R, via some means such as a data broadcast or other more direct

{ransmission,

[6645] [n vet another embodiment of the present disclosure, raw data, such as unprocessed
measurements from 3; and S; may be transmitted from both R, and R, (which both have transmit
capabilities) to an intermediary entity {e.g., a server} where the posttioning of R, may be
calculated and then made available to R, to access. In alternative embodiments, the system may
use other signals or ranging methods for developing solutions which may include measurements
and/or data from at least one of the following: GPS; GLONASS; global navigation sateliite
system (GNJS); near-carth; or other non-GPS signals transmitied from LEO, MEG or a

combination of alternative satellites and/or satellite constelations; and terrestrial-based systems
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such as a inertial measurements, baromeiric measurements, Wi-Fi signals, ultra wide band

(UWB), Zigbee, RF tag, or other positioning beacons, such as enabled geocache.

10046] The local receiver, Ry, may or may not be capable of receiving the same RF signals as
Ry but may be capable of accepting raw data or alternative data formats associated with those
signals. The receiver, R, may be located in an atienuated environment (i.e. indoors) where its
primary RF signal it uses for PN&T is jaramed and, thus, is unavailable or otherwise unreliable
on its own. The recetver, Ry, may leverage PN&T information from at least one roving recetver

to improve its PN&T solutions.

[8647] The preferred embodiment of the present disclosure is advantageous to other simiar
architectures as it reduces the processing requirement on the receivers; depending on the specific
embodiment, cither one or both may also have transmit capabilitics. Additional processing on
such devices has many disadvantages and, thus, the minimization of this requirement may be
important to relevant applications. Increasing the processing requirement directly relates to the
device cost and the device’s power requirement, both of which are critical elements for users of
this system. For example, a typical consumer with a mobile phone expects the phone to be
reasonably portable and its ability to be portable is driven by the phone’s power source (1. its
battery). Obviously, the ideal scenario is that a battery is able to last indefinitely between
charges, but the more realistic scenario 1 that the phone’s battery time between charges is
matntained within an acceptable “inconvenience” threshold which is dependent on the user and
the user’s given situation. In this scenario, the mitial cost of the device and sustaining
portability/power is critical to encourage adoption from wireless providers and consumers to use

an architecture where there 1s minimal processing at the device-level.

18048] In the preferred embodiment architecture, at least one roving reference device, Ry, aids
at least one second receiving device, Ry, which is unable to reliably receive s primary GPS
PN&T signal for some rcason. In this embodiment, both devices must be capable of both
receiving and transmitting data. R, receives no direct benefit from this process other than the
potential exchange of similar support at a future point in time from R, or other devices, which
may act as roving reference devices for it. In order to mindmize the negative impact to users and
their devices, an intermediary entity is considered as part of this exemplary embodiment to
minimize the power draw from both the aiding and "receiving of ad™ transceivers. However, in
practice, an intermediary entity may increase system complexity to a degree such that using no

intermediary device 1s favored.
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[0049]  In order to appropriately characterize errors which are primarily atmospheric based, Ry
and R, need to be within an acceptable range from one another and, thus, are considered to be
“local” to one another. If the correction 18 coming from too far away, i 1s much less accurate
because the signal is going through a different part of the atmosphere and, thus, the resultant
correction would be skewed (i.e. a spatial decorrelation of ranging ervor). Ry may be located in
an unattenuated covitonment such as outside with open sky where it can recetve its puimary
PN&T signal that is not capable of penetrating indoors reliably. In the onc embodiment, the
PN&T signal 1s a GPS sigoal and Ry 1 able to track cnough GPS signals to get a GPS position
fix, While this position estimate will still include errors, it will replace a typical "surveyed”
position with acceptable accuracy. A receiver tracking GPS 18 generally able to calculate its
position to about 3 meters (approximately 10 feet} if it is able to use, for example, a wide area
augmentation system {WAAS), a satellitc-based augmentation system (SBAS), or other
differential correction {(which is available in some cell phones, and would certainly be available if
a server is doing all of the calculations). Additionally Ry may receive a second ranging signal
that 1s capable of penetrating indoors, for example, a4 non-GPS near-earth ranging signal, R, may
receive broadcast data from cach of these signals, and then transmit the data to an intermediary
entity. These measurements may include raw measurements and/or caleulated values such as
ranging measurements from signals in space or terrestrial sources, imertial measurements,

barometric measurements, and estimated PN&T solutions.

{80561 R, i3 unable to counsistently receive us prmary PN&T signal. It may be located n an
attenmated environment indoors or in an urban canyon, and its primary PN&T signal is not
capable of penetrating an indoor environment reliably, However, Ry 1s stilll reliably receiving the
second ranging signal indoors. R; receives broadcast data from this signal and transmits data to
the same intermediary entity that Ry supplied data. These measurements may include raw
measurements and or calculated values such as: ranging measurements from signals in space or
terrestrial sources, inertial measurements, barometric measurements, and estimated PN&T

schutions,

[6651] The wtermediary entity accepts the data from R; and R, and may conduct pre-
processing including formatting of the raw data for processing or applving differential
corrections.  The intermediary entity conducts processing which uses the converted raw data to
calculate, for example, the differential corrections for Ry, the position of Ry, and/or the position

of Rz, In one case, Ry updates its solution based on recetved corrections from the mtermediary
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entity, and now can function in a region that it was previously unable to do so. In another

example, R receives its pre-computed position from the intermediary entity.

100521  In the following description, numerous details are set forth in order to provide a more
thorough description of the system. It will be apparent, however, to one skilled 1o the art, that the
disclosed system may be practiced without these specific details. In the other instances, well

known featurcs have not been described in detatl so as not to unnecessarily obscure the system.

{90531 FIG. 1 shows an eombodiment of the disclosed differential correction system
enhancement 105 that leverages roving receives and cmploys a LEO satellite as a transmission
source where the roving receiver device (RRD) and the receiving device (RD) are eruployed in
smart phones. This figure shows a LEO satellite 110 transmitting signals 120, 139, 140, 150 to a
roving refercuce device (RRD)Y 160 and to a recetving device (RD) 170 over time from position

A to position B.

[0054] The RRD 160 and the RD 170 are cach employed in a smart phone. The users of the
smart phones have downloaded the associated positioning or geolocation application onto their
smart phone. In addition, the users of the smart phones have elected and agreed to participate in
the receiving of posttioning information (and/or differential correction information) from other
participating smart phones, and the sharing of their own specific positioning information for the
positioning or geolocation application to use. Processors in the smart phones run the geolocation
application i order to generate the dufferential correction information. In this figure, the RRID
166 1s shown to be located outside, where it can readily receive GPS signals and, thus, obtain a
very accurate location of wself. The accurate location information for the RRD 160 can be used
to generate differential correction information that can be used by the RD 170 as well as other
nearby participating smart phones. Also in this figure, the RD 170 1s shown to be located inside
of a butlding 115. Since the RD 170 1s located in an indoors environment, it is not able to receive
(GPS signals. The RD 170 uses the accurate location mformation {and/or the diffcrential
correction information) of the RRD 160 to be able to obtain an accurate location for itself It
should be noted that in one or more embodiments, the RRD 160 and the RD 170 may be
erployed in various different types of personal devices mcluding, but not limited to, cellular

phones, personal digital assistants (PDAs), and laptop computers.

[B055]  For this system, the RRD 160 and RD 170 are i relatively close proximity to one

another so that they have similar atmospheric conditions 188, The RRD 168 is aware of the LEQ
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satellite 110 location and its own RRD 160 location accurately via GPS signals. The RRD 160

gets its focation from GPS signals because GPS accuracy helps to correct the RD 170 location.

10056]  In some embodiments, the RRD 160 itself does not process its received GPS signals to
determine 1S own accurate location. In these embodiments, the RRD 160 transmuts the GPS
stgnals it recetves to an intermediate node {(e.g., a processing facility) for the intermediate node to
process the GPS signals and to calculate the accurate location of the RRD 160, After the
intermediate node processes the GPS signals and determines the accurate location of the RRD
168, the intermediate node transmits the accurate location information of the RRD 160 to the

RRI 160.

{66577 The RRI} 168 includes a receiver for receiving the LEQO satelitte 110 signals 130, 154
an accurate clock for time stamping the data from the received signals 130, 150 with a received
time; and memory for storing the time stamped data. The RRD 160 also includes a processor for
processing the time stamped data, the RRD 160 location, and the LEO satellite 110 location to
generate differential correction information; and a transmitter for transmitting 190 the differential

correction mformation.

{0058] The RD 170 1s aware of the LEO satellite 110 location. The RD 170 includes a {irst
receiver for receiving the LEO satellite 110 signals 120, 140; an accurate clock for time stamping
the data from the recetved signals 120, 140 with a received time; and memory for storing the time
stamped data. In addition, the RD 170 ineludes a second receiver for receiving the differential
correction information from the RRD 160. Also, the RD 170 has a processor for processing the
time stamped data in its memory and the location of the LEQO satellite 1190 to generate a location
estimate for itself. The processor is also used for processing the differential correction
information with the location estimate of the RD 170 to generate a corrected location estimate for

RI» 170.

[8059]  As an examiple, at an initial satellite position A, at time t1, the LEQ satellite 110 sends
a primary signal 120, 130 that is received by the RRD 160 at tiroe t2a and by the RD 170 at timoe
t3a. The processor of the RRD 160 calculates a differential correction signal, t2 — (2a, where 2
represents the time the RRD 160 would have received the primary sigoal sent at time ti 1 there
were no delays due to atmospheric 180 and/or other conditions. This time, {2, 15 calculated from
the known range between the LEQ satellite 110 and the known location of the RRD 160, The
RRD 160 then transmits 190 the differential correction information to the RD 176, The RD 170

corrects its received signal using the differential correction information. The RP 170 updates its
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location using the corrected timing, 3 = {3a+t2a-t2, to get the corrected range from the RD 170 to
the LEO satellite 118, The process s repeated for multiple satellite posttions (including position

B} to obtain an accurate position for the RD 170,

[8668] It should be noted that in some embodimenis, the RRID 160 and the RD 170 receive
radio frequency (RF} signals from one or more regional terrestrial transmission sources, such as
amplitude modulation (AM) or frequency modulation (FM) radio transmitters, tclevision
transmiiters, or other local transmitters. For these embodiments, the RRD 160 and RD 170
measure phases of the carrier signal and/or the time of arrival of signals modulated onto the
carrier relative their respective local clocks. Alternatively, the RRE 160 and/or RD 170 provide
samples or pre-processed samples {e.g., filtered and downconverted samples) for those RF
signals 1o an exterval processor for additional processing. In some embodiruents, a konown
location and clock offset of the RRD 160 are combined with measurements of the RF signals at
the RRD 160 1o find the clock offset of the local transmutier or the transmssion time of the
signals from the local transmitter. fn at least one embodiment, carrier phase ambiguities
associated with the carrier phase of the transmission source are resolved using an approximate
focation derived from LEQO satellite doppler and/or range based positioning. In one or more
embodiments, a plurality of transmission sources are used in the process of resolving cycle
ambiguitics in a manner similar to resolving GPS cycle ambiguities in a differential carrier phase

global navigation satellite system (GNSS).

[9061] FIG. 2 illustrates an embodiment of the disclosed differential correction system
enhancement 100 that leverages roving receivers and employs a LEQ satellite as a transmussion
source where the roving reference device (RRD) processes the differcntial correction
information. In this figure, a LEO satellite 110 13 shown to be trausmitiing signals 120, 130, 140,
156 to a roving reference device (RRD) 160 and to a receiving device (RD) 170 over time from
position A to position B. The RRD 160 and RD 170 are wn relatively close proximity to one
another so that they have similar atmospheric conditions 180, The RRD 160 is aware of the LEQ
satellite 110 location and its location accurately via GPS signals. However, it should be noted
that the RRD 160 can get the LEO satellite 110 location data from a number of different sources
mchuding, but not limited to, ephemeris tables, data directly downlinked from the LEO satellite
118, data received from a cell phone, and data from the internet. The RRID 160 inclades a
recetver for receiving the LEO satellite 110 signals 130, 150; an accurate clock for time starmping
the data {rom the recetved signals 130, 150 with a received tiroe; and memory for storing the time

stamped data. The RRD 160 also includes a processor 165 for processing the time stamped data,
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the RRD 160 location, and the LEO satellite 110 location to generate differential correction

information; and a transmitter for transmitting 190 the differential correction information.

18062] The RD 170 1s aware of the LEO satellitc 110 location. The RD 170 can get the LEO
satellite 110 location data from a number of different sources including, but not himited to,
ephemerts tables, data directly downlinked from the LEQ satellite 110, data received from a cell
phone, and data from the internct. The RD 170 includes a first recciver for receiving the LEO
satellite 110 signals 120, 140; an accurate clock for time stamping the data from the received
signals 120, 140 with a received time; and memory for storing the time stamaped data. In
addition, the RD 170 includes a second receiver for receiving the differential correction
information from the RRD 160, Also, the RD 170 has a processor for processing the time
stamped data in its meroory and the location of the LEO sateliite 110 to generate a location
estimate for itself. The processor is also used for processing the differential correction
information with the location estiroate of the R 170 to generate a corrected location estimate for
RD 170.

[8063]  As an examiple, at an initial satellite position A, at time t1, the LEQ satellite 110 sends
a primary signal 120, 130 that is received by the RRD 160 at tiroe t2a and by the RD 170 at timoe
t3a. The processor of the RRD 160 calculates a differential correction signal, 12 — t2a, where 12
represents the time the RRD 160 would have received the primary sigoal sent at time 1 if there
were no delays due to atmospheric 180 and/or other conditions. This time, {2, 15 calculated from
the known range between the LEQ satellite 110 and the known location of the RRD 160, The
RRD 160 then transmits 190 the differential correction information to the RD 170, The RD 170
corrects its received signal using the differcntial correction information. The RD 170 updates its
location using the corrected fiming, 13 = 3a+t2a-12, to get the corrected range from the RD 170 1o
the LEO satellite 110. The process is repeated for multiple satellite positions (including position

B} to obtain an accurate postiion for the RD 170,

8864] FIG. 3 shows an embodiment of the disclosed differential correction system
enhancement 200 that leverages roving receivers and employs a LEO satellite as a transmission
source where the recetving device (RD) processes the differential correction information. A LEQ
satellite 110 is shown in this figure to be transmitting signals 120, 130, 140, 150 to a roving
reference device (RRD) 160 and to a receiving device (R} 170 over time from position A to
position B. The RRD 160 and RD 170 are in relatively close proximity to one another so that

they have similar atmospheric conditions 180, In addition, the RRD 166 1s aware of its location
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accurately via GPS signals, The RRD 160 includes a recetver for receiving the LEO sateliite 110
signals 130, 158; an accurate clock for time stamping the data from the received signals 130, 150
with 4 received time; and a transmitter for transmitiing 190 a RRD signal that contains the time

stamped data and the location of the RRI.

[6665] The RD 170 is aware of LEO satellite 110 location. The RD 170 includes a first
receiver for recetving the LEO satellite 110 signals 120, 140; and an accurate clock for time
stamping the data from the received signals 120, 140 with a received time. Also, the RD 170
includes a second receiver for receiving the RRD signal from the RRD, In addition, the RD 170
has memory for storing its time stamped data, the data from the RRI? signal, and the location of
the LEQ satellite 110. Also, the RD 170 has a processor 175 for processing the time stamped
data of the RD and the location of the LEO satellite 110 to generate a location estimate for itself.
In addition, the processor 175 is used for processing the time stamped data of the RRD 170 and
the location of the RRD 170 to generate differential correction information.  Additionally, the
processor 175 is used for processing the differential correction information and the location

cstimate of the RD 160 to generate a corrected location estimate for the RD 160,

[9066] AL an mitial satellite position A, at time {1, the LEO satelhite sends a primary signal
120, 130 that received by the RRD 160 at timie t2a and by the RD 170 at time t3a. The RRD 160
sends its location and timoe t2a to the RD 170 for processing. Fromn the RRD 160 location
represents the time the RRD 160 would have received the primary signal sent at time t1 if there
were no delays due to atmospheric 180 and/or other conditions. This time, 12, is calculated from
the known range between the satellite 110 and the known RRD 160 location, The RD 170
corrects its signal, t3a, using this differcotial correction.  Using the corrected timing, 13 =
3a+t2a-12, to get the range from the RD 170 to the satellite 110, the RD 170 updates its location.
This process is repeated for multiple satellite positions {(including posttion B) to obtain an

accurate posttion for the RD 170,

18067] FIG. 4 illustrates an embodiment of the disclosed differential correction system
enhancerent 300 that leverages roving receivers and employs a LEQ satellite as a transmission
source where the intermediary device processes the differential correction information. In this
figure, a LEO satellite 110 13 shown 1u this figure to be transmutting signals 120, 130, 140, 150 w0
a roving reference device (RRIY) 160 and to a recciving device (RDY) 170 over time from position

A to position B. The RRD 160 and RD 170 are in relatively close proximity to one another so
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that they have similar atmospheric conditions 180, In addition, the RRD 160 1s aware of its
focation accurately via GPS signals. The RRD 160 includes a receiver for receiving the LEO
satellite 110 signals 130, 150; an accurate clock for time stamping the data from the received
stgnals 130, 150 with a received time; and a transmitter for transmitting 190 2 RRD signal that

contains the time stamped data and the location of the RRD.

[8068] The RD 170 includes a receiver for receiving the LEQ satellite 110 signals 120, 140;
an accurate clock for time stamping the data from the received signals 120, 140 with a received
timae; and a transmaitter for transmitting 192 a RD sigoal that contains the time stamped data of the

RIN

[8669] The intermediary device 195 includes a first recetver for receiving the RRD signal
from the RRD 160, and a sccond receiver for receiving the RD signal from the RD 170, In
addition, the intermediary device 195 includes a processor 197 for processing the data of the
RRID signal, the data of the RD signal, and the location of the LEO sateliite 110 to gencraie a
jocation estimate for the RD 170 and to generate differential correction information.
Additionally, the processor 197 is used for processing the differential correction information and

the location estimate for the RD 170 to generate a corrected location estimate for the RD 170,

190761 In this example, at an initial satellite position A, at time t1, the LEQO sateilite 110 sends
a primary signal 120, 130 that is received by the RRD 160 at time t2a and the RD 170 at time 3a.
The RRD 160 seunds its location and tivoe 124 to the ntermediary device 195, The RD 170 sends
time t3a to the intermediary device 195, From the RRD 160 location information and time t2a,
the intermediary device 195 calculates a differcutial correction signal, 12 — t2a, where 2
represents the time the RRD 160 would have received the primary signal sent at time t if there
were no delays due to atmospheric 180 and other conditions. This tirne, 12, s calceulated from the
known range between the LEQO satellite 110 and the known RD 170 location. The intermediary
device 195 corrects the RD signal, {3a, using this differential correction. Using corrected timing,
t3=t3a+t2a-t2, to get the range from the RD 170 to the LEO satellite 118, the intermediary device
195 updates the RD 170 location, In at least one embodiment, this RD 170 location information
is sent to the RD 170, This process 1s repeated for multiple satellite positions {including position
B) to obtain an accurate location for the RD 170

[9071] FIG. 5 shows an combodiment of the disclosed differential correction systom
enhancement 400 that leverages roving receivers and employs a Wi-Fi node as a transnussion

source where the RRD processes the differential correction information. In this figure, a Wi-Fi
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node 410 1s shown in this figure to be transmitting signals 120, 130 to a roving reference device
{(RRD} 160 and to a receiving device (RD} 170, respectively. The RRD 160 and RD 170 are in
relatively close proxinuty to one another so that they have simular atmospherie conditions.
However, it should be noted that atmospheric errors will likely be outweighed by the Wi-Fi

node’s 140 clock errors,

{8072] The RRD 160 1s aware of the Wi-Fi node 410 location and its location accurately via
GPS signals. The RRD 160 and the RD 170 are able to get Wi-Fi node 410 location information
from various sources inchuding, but not himuted to, a database, data from a cell phone connection,
data from the internet, and the Wi-Fi node 140 itself transmitting its own location information to
the RRD 160 and/or the RD 170, The RRD 160 includes a receiver for receiving the Wi-Fi node
410 signal 130; an accurate clock for time stamping the data from the received signal 130 with a
received time; and memory for storing the time stamped data. The RRD 160 also inclades a
processor 165 for processing the tivae stamped data, the RRD 160 location, and the Wi-Fi vode
410 location to generate differential correction information; and a transmitter for transmitting 190

the differential correction information,

{80731 The RD 170 i3 aware of the Wi-Fi node 410 location. The RD 178 wncludes a {irst
recetver for recetving the Wi-Fi node 410 signal 120; an accurate clock for time stamping the
data from the received sigoal 120 with a received time; and memory for storing the time stamped
data. In addition, the RI} 170 includes a second receiver for receiving the differential correction
mformation from the RRD 160, Also, the RD 170 has a processor for processing the time
stamped data in its memory and the location of the Wi-Fi node 410 to generate a location
estitnate for itself. The processor is also used for processing the differential correction
information with the location estiroate of the R 170 to generate a corrected location estimate for
RD 170.

{9074] | should be noted that a sccond receiver for receiving the differential correction
information in this case is not required. In Heu of the described example, the Wi-Fi
communication channel usclf could be used to transfor the differential correction information

from the RRIY 160 io the RD 170,

[6475]  In this example, at a stationary Wi-Fi node 410 position, at time t1, a Wi-Fi node 410
sends a primary signal 120, 130 that is received by the RRD 160 at time {2a and the RD at time
t3a. The RRD 160 calculates a differential correction signal, {2 — t2a, where 12 represents the

time the RRI> 160 would have received the primary signal sent at time t1 if there were no delays
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due to atmospheric and/or other conditions. This time, 12, is calculated from the known range
between the Wi-Fi node 410 location and the koown RRD 160 location. The RRD 160, the RD
170, and the Wi-F1 node 140 all have accurate clocks. The Wi-Fi node 140 transmiis a signal
that can be used for timing (i.e. ranging). It should be noted that a high bandwidth signal is not
equired for ranging, and accuracy is a function of the signal time bandwidth product. The
differential correction signal 1s sent 190 from the RRIY 160 to the RD 170, The RD 170 corvects
its signal, t3a, using this differential correction. The RD 170 updates its location using the
corrected timing, 3=t3a+i2a-t2, to get the corrected range from the RD 170 to the Wi-Fi node

416

[8076] Although certain tllustrative embodiments and methods have been disclosed herein, it
can be apparent from the foregoing disclosure to those skilled in the art that variations and
modifications of such embodiments and methods can be made without departing from the true
spirtt and scope of the art disclosed. Many other examples of the art disclosed exist, each
differing from others in matters of detall only. Accordingly, it is intended that the art disclosed
shall be limited only to the extent reguired by the appended claims and the rules and principles of

applicable law.
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WE CLAIM:
1. A system for providing differential corrections for positioning, the system
comprising:

a roving reference device {(RRD} that 1s aware of its geographic location, the RRD

comprising:

a RRD receiver for receiving a signal from at least one transmussion source,

wherein the BRD is aware of a location of the at least one transmission source,
a RRD clock for collecting a first measurement of the signal,
a RRD memory for storing the first measurement,

a RRI} processor for processing the fivst measurement, the location of the RRI,
and the location of the at least one ftransmission source to gencrate differential correction

information,

a RRI} transmitter for transmutting a differential correction information signal that

includes the differential correction information; and
a receiving device (RD} comprising:

a R first recetver for receiving the signal from the at least one transmussion

source, wherein the RD is aware of the location of the at least one transmission source,
a R clock for collecting a second measurement of the signal,
a RD memory for storing the second measurcment,

a RD second receiver for receiving the differential correction information signal

from the RRD,

a RD processor for processing the differential correction information, the second
measurcment, and the location of the at least one transmission source to generate a location

estimate for the RD.
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2. The system of claim 1, wherein the RRD becomes aware of ifs location

because the RRD further comprises a global positioning system (GPS) receiver for receiving

(3PS signals, and

a GPS processor for processing the GPS signals to obtain the location of the RRIZ.

3. The system of claig 1, wherein the RRD becomes aware of its location
becanse the RRD further comprises a cell receiver to receive signals from a cell tower, and

a cell processor for processing the signals to obtain the location of the RRD.

4. The system of claimn 1, wherewn the RRD becomes aware of its location by
using an inertial reference system,

5. The system of claim 1, wherein the RRD becomes aware of its location by
using at least one of mapping and terrain data.

6. The system of claim 1, wherein the at least one transmission source is at

least one of a satelltie, pseudo-satellite, terresirial transmitter, Wi-Fi transmitter, and cell tower

transmitter,
7. The system of claimg 1, wherein the RRD 1s aware of the location of the at
teast one transmission source because the RRD receiver receives a location signal

from the at least one transmission source indicating the location of the at least one transrmssion

source, and

wherein the RRID processor processes the location signal to obtain the location of the at

least one transmission source.
8. The system of claim 1, wherein the RRD 1s at least one of mobile and
stationary,

9. The system of claim 1, wherein the RRD transnutter transmuts the
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differential correction information signal at least one of wirelessly or on a wired connection,
10, The system of claim 1, wherein the RD s aware of the location of the at

least one transmission source because the RD first receiver recetves a location signal

trom the at least one transmussion source dicating the location of the at least one transmission

5 source, and

wherein the RD processor processes the location signal to obtain the location of the at

least one transmission source.
11, The systenm of claim |, wherein the RRD transmitter transmits the differential
correction information signal to the RD second recetver via an intermediary device.
10 12. A system for providing differential corrections for positioning, the system
comprising:

a roving reference device {RRD) that is aware of its geographic location, the RRD

comprising:
a RRD receiver for receiving a signal fror at least one transmission source,
5 a RRD clock for collecting a first measurement of the signal,

a RRD transmitter for transmitting a RRD signal that includes the first

measurerment and the location of the RERD; and
a receiving device (RD) comprising:

a RD first receiver for recetving the signal from the at least oue transmission

20 source, wherein the R 1s aware of a location of the at least one transmission source,
a RP clock for collecting a second measurement of the signal,

a RD second receiver for receiving the RRD signal from the RRD,
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a RD memory for storing the first measurement, the second measurement, and the

focation of the RRI3,

a RD processor for processing the second measurement and the location of the at

least one transmission source to generate a location estimate for the RD,

tfor processing the first measurement, the location of the RRD, and the location of

the at least one transmission source to generate differcutial correction information, and
for processing the differcutial correction information and the location
estimate for the RD to generate a corrected location estimate for the RD.
13. The system of claim 14, wherein the RRD becomes aware of its location

because the RRD further comprises a global positioning system (GPS} receiver for receiving

GPS signals, and

a 3PS processor for processing the GPS signals to obtain the location of the RRD.

14, The system of claim 14, wherein the RRD becomes aware of its location
because the RRD further comprises a cell receiver to receive signals from a cell tower, and

a cell processor for processing the signals to obtain the location of the RRD.

15. The systern of claim 14, wherein the RRID becomes aware of its location by
using an wnertial refereuce system,

16. The systern of claim 14, wherein the RRD becomes aware of its location by
using at least one of mapping and terrain data.

17. The systemn of claim 14, wherein the RRD 1s at least one of mobile and
stationary.

18. The system of claim 14, wherein the RRD transmitter transmits the

RRD signal at least one of wirclessly or on a wired connection.
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19, The system of claim 14, wherein the at least one transmuission source is at

least one of a satelltie, pseudo-satellite, terresirial transmitter, Wi-Fi transmitter, and cell tower

transmitter,
26, The system of claim 14, wherein the RID ts aware of the location of the at
least one transmission source because the RD first receiver receives a location signal

from the at least one transmission source indicating the location of the at least one transrmssion

source, and

wherein the RD processor processes the location signal to obtain the location of the at

least one transission source.

21. The system of claim 14, wherein the RRD transmitter transmits the RRD
signal to the RD second receiver via an mtermediary device,

22, A system for providing differential corrections for positioning, the system
comprising:

a roving reference device (RRD) that is aware of its geographic location, the RRD

comprising:
a RRI¥ receiver for receiving a signal froro at least one trausmission source,
a RRI¥ clock for collecting a first measurement of the signal,

a RRD trapsmitier for transmitiing a RRD signal that ncludes the first

measurement and the location of the RRD;
a recetving device (R} comprising:
a R receiver for receiving the signal from the at least one transmussion sowrce,

a RP clock for collecting a second measurement of the signal,
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a RD transmitter for transmitting a RD signal that cludes the sccond

measurement; and

the intermediary device that is aware of a location of the at least one transmission source,

the intermediary device comprising:
an intermediary first recetver for receiving the RRD signal from the RRD,
an intermediary second receiver for receiving the RD signal from the

RD,

an intermediary processor for processing data of the RRD signal and data of the
RID signal and the location of the at least one transmussion source 1o generale a location estimate

for the RI} and to generate differential correction information, and
for processing the differential correction information and the location
estimate for the RD to generate a corrected location estimate for the R
23, The system of claim 22, wherein the RRID becomes aware of its location

because the RRD further comprises a global positioning system (GPS) receiver for receiving

GPS signals, and
a GPS processor for processing the GPS signals to obtain the location of the RRD.
24, The system of claim 22, wherein the RRD becomes aware of its location
because the RRD further comprises a cell receiver to receive signals from a cell tower, and
a cell processor for processing the signals to obtain the location of the RRD.
25. The system of claim 22, wherein the RRID becomes aware of its location by
using an inertial reference system,
26, The system of claim 22, wherein the RRD becomes aware of its location by

using at least one of mapping and terrain data.
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27. The system of claim 22, wherein the RRD 18 at least one of mobile and
stationary.

28. The system of claim 22, wherein the RRD transmitter transmits the RRD

signal at least one of wirclessly or on a wired connection,

(4]

29, The system of claim 22, wherein the at least one transmission source is at

least one of a satellite, pseudo-satellite, terrestrial transmitter, Wi-Fi transmitter, and cell tower

transrtter,
30, The system of claitg 29 wherein the at least one satellite 15 at least ope of a

fow Earth orbiting (LEO) satellite, medium Earth orbit (MEQO) satellite, and geosynchronous

10 Earth orbit (GEQ) satellite.
31. The system of claim 30, wherein the at least one LEQ satellite 1s an Iridium
satellite,
32. The systenm of claim 22, wherein the RD transmitter transmits the RD
signal at least one of wirelessly or on a wired connection.

5
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