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Description
FIELD
[0001] The presentwriting relates to position determin-

ing systems. More specifically, the present writing relates
to a broadcast network for determining a geographic po-
sition.

BACKGROUND

[0002] Real-Time Kinematics (RTK) refers to a survey-
ing system and method which uses two GPS receivers
and a communications link between them to determine
a position of one receiver relative to the other receiver.
In a typical RTK survey system, a first GPS receiver is
located at a known position, often a surveyor’s landmark
or benchmark, or an otherwise surveyed position, and
the pseudorange data it collects is sent to the second
GPS receiver, often referred to as a "rover," via a radio
communications link. The rover is used to determine the
relative position of desired points according to the needs
of the survey effort. Thus there is a radio transmitter as-
sociated with the firstreceiver, called areference receiver
or a base station receiver, and a radio receiver at the
rover. Pseudorange data from the satellites in view from
the first receiver at the base station location is combined
with data taken at the second rover receiver, and is proc-
essed atthe rover according to well-known RTK methods
to develop a position of the rover relative to the base
station position. The typical distance from base to rover
for acceptable accuracy is in the range of 15-30 Km. The
errors are due to atmospheric variations which in turn
cause changes in the measured path length to the sat-
ellites (pseudoranges). Thus for surveying, or other po-
sitioning systems which must work over larger regions,
the surveyor must either place additional base stations
in the regions of interest, or move his base stations from
place to place. This range limitation has led to the devel-
opment of more complex enhancements that have su-
perceded the normal RTK operations described above,
and in some cases eliminated the need for a base station
GPS receiver altogether. This enhancement is referred
to as the "Virtual Reference Station" system and method.
It is also referred to as Networked RTK.

[0003] Network RTK typically uses three or more GPS
reference stations to collect GPS data and extract infor-
mation about the atmospheric and satellite ephemeris
errors affecting signals within the network coverage re-
gion. Data from all the various reference stations is trans-
mitted to a central processing facility, or VRS control cent-
er for Network RTK. Suitable software at the control cent-
er processes the reference station data to infer how at-
mospheric and/or satellite ephemeris errors vary over
the region covered by the network. The control center
computer processor then applies a process which inter-
polates the atmospheric and/or satellite ephemeris errors
at any given point within the network coverage area and
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generates a pseudorange correction comprising the ac-
tual pseudoranges that would be received at the specified
base station location, now referred to as the Virtual Ref-
erence Station, and pseudorange corrections applicable
to the region surrounding that location. As in the basic
RTK method, where the pseudoranges measured at the
base station are delivered to the rover via a radio link, so
must the corrected pseudoranges calculated at the VRS
control center be delivered to the rover, or rovers doing
the actual surveying. Since the VRS control center can
be located anywhere, it is not likely to be within normal
radio transmission range of the rovers. Typically, prior
art delivery methods included using a direct cellular con-
nection between the VRS control center and each rover
as described, for example in US 6324473 B1.

[0004] As VRS methodshave beenaccepted and have
become widely used, more and more rovers are em-
ployed in a survey, the necessity of a dedicated direct
connection for each rover has emerged as a financial
burden and therefore a limitation of the VRS system. For
example, a construction site may have a plurality of roving
GPS units working at the same time, each with a dedi-
cated cellular connection to the control center. Additional
GPS receivers may be used with construction equipment
to, for example, dig a trench for utility lines in an exact
location, or grade a road in a particular location. Thus, a
plurality of cellular connections may be needed within a
relatively compact area for each GPS receiver being
used.

[0005] Current methods for delivering VRS data to rov-
ing mobile position determination units are inadequate.
Accordingly, a need exists for a VRS data distribution
system and method that reduces the need for dedicated
cellular telephone connections between the various rov-
ers and a distant VRS control center.

[0006] This writing discloses a method and a system
for determining a geographic position. In one embodi-
ment, a data message comprising pseudorange data for
a designated location and pseudorange corrections for
a designated region surrounding the designated location
is created. The data message is sent via a cellular tele-
phone connection to a base station located in the desig-
nated region. The data message is then transmitted from
the base station to a mobile position determination unit
using a radio transmitter.

SUMMARY

[0007] The present discussion pertains to a method
and a system for delivering network-created correction
data as part of a Virtual Reference Station activity to a
multiplicity of rovers via a concatenated communications
link consisting of a single cellular connection, and a radio
transmission or broadcasting system. In one embodi-
ment, the location of the radio transmitting system is co-
located with a GPS base station that is designated as
the position of the local Virtual Reference Station. In an
embodiment that is not part of the claimed invention, this
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GPS base station determines its position using GPS, in-
forms the VRS base station of its location via a cellular
link between the local GPS base station and the VRS
base station, whereupon the VRS base station generates
corrections as if such corrections were actually being
generated at the GPS base station. A message, com-
prising a VRS corrected pseudorange for a specified VRS
base station location, is then transmitted via a cellular
telephone network to the radio transmitting (broadcast-
ing) system at the designated VRS position, at the GPS
base station. The radio transmitter at the GPS base sta-
tion sends the position correction wirelessly to a rover
mobile position determination unit which uses the posi-
tion correction information to calculate its present loca-
tion as part of an overall position determining process.
The rover position information developed and stored with
VRS corrections is much more accurate than an uncor-
rected GPS position.

[0008] Embodiments of the present invention can be
used to determine a geographic position with a level of
resolution that is comparable with other existing RTK sys-
tems. Because the base station need only be known to
a lower level of accuracy, it is not necessary to position
it at a surveyed position, such as a benchmark. The po-
sition of the virtual reference station will be determined
to higher level of accuracy by the VRS control center.
Additionally, there is no need for a dedicated cellular con-
nection from the VRS base station to each roving GPS
unitin the field. The base station at the designated Virtual
Reference Station location can wirelessly forward the
VRS pseudoranges and corrections it receives via the
cellular telephone network to the roving GPS units using,
for example, a radio transmitter or transceiver. In one
embodiment, the base station can be used as a rover as
well as the base station for other roving GPS units in the
vicinity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings, which are incor-
porated in and form a part of this specification, illustrate
embodiments of the present invention and, together with
the description, serve to explain the principles of the in-
vention. Unless specifically noted, the drawings referred
to in this description should be understood as not being
drawn to scale.

FIGURE 1 is a flowchart of a method for delivering
Virtual Reference Station data accordance with em-
bodiments of the present invention.

FIGURES 2A, and 2B, show block diagrams of em-
bodiments of exemplary devices used in a system
for delivering Virtual Reference Station data in ac-
cordance with embodiments that do not from part of
the claimed invention.

Figure 2C shows block of an embodiment of exem-
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play devices in accordance with embodiments of the
claimed invention.

FIGURE 3 is a diagram showing an exemplary sys-
tem for determining a geographic position in accord-
ance with embodiments of the present Invention.

FIGURE 4 is a flowchart of a method for delivering
Virtual Reference Station data in accordance with
embodiments of the present invention.

FIGURES 5A, 5B, and 5C are flow charts of methods
for delivering Virtual Reference Station data in ac-
cordance with embodiments of the present inven-
tion.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0010] Reference will now be made in detail to embod-
iments of the present invention, examples of which are
illustrated in the accompanying drawings.

[0011] While the present invention will be described in
conjunction with the following embodiments, it will be un-
derstood that they are not intended to limit the present
invention to these embodiments alone. On the contrary,
the present invention is intended to cover alternatives,
modifications, and equivalents which may be included
within the scope of the appended claims. Furthermore,
in the following detailed description of the present inven-
tion, numerous specific details are set forth in order to
provide a thorough understanding of the present inven-
tion. However, embodiments of the present invention
may be practiced without these specific details. In other
instances, well-know methods, procedures, compo-
nents, and circuits have not been described in detail so
as not to unnecessarily obscure aspects of the present
invention.

[0012] Figure 1 is a flowchart of a method 100 for de-
livering Virtual Reference Station data in accordance with
embodiments of the present invention. For clarity, the
following discussion will refer to Figures 2A, 2B, and 2C
as well as Figure 3 to explain embodiments of the present
invention. In step 110 of Figure 1, a data message is
created comprising pseudorange data derived for a des-
ignated location and pseudorange corrections for a re-
gion surrounding the designated location. In embodi-
ments of the present invention, a Virtual Reference Sta-
tion network is used to collect GPS data and extract in-
formation about the atmospheric and satellite ephemeris
errors affecting signals within the network coverage re-
gion. Data from various reference stations in the network
is transmitted to a central processing facility, or VRS con-
trol center for Network RTK. Suitable software at the VRS
control center processes the reference station data to
infer how atmospheric and/or satellite ephemeris errors
vary over the region covered by the network. The VRS
control center computer processor then applies a proc-
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ess which interpolates the atmospheric and/or satellite
ephemeris errors at any given point within the VRS net-
work coverage area and generates a pseudorange cor-
rection comprising the actual pseudoranges that would
be received at a designated location in the network cov-
erage area. The VRS control center also generates pseu-
dorange corrections applicable to a designated region
surrounding the designated location.

[0013] In step 120 of Figure 1, the data message of
step 110 is sent via a cellular telephone connection be-
tween the VRS control center and a base station located
in a designated region surrounding the designated loca-
tion. As in the basic RTK method, wherein the pseudor-
anges measured at a base station are delivered to arover
via a radio link, so must the corrected pseudoranges cal-
culated atthe VRS control center be delivered to the base
station located at a designated location, or within a des-
ignated region surrounding the designated location. In
embodiments of the present invention, the data message
is sent from the VRS control center to the base station
via a cellular telephone network. In the present invention,
the designated location of the base station is determined
using a Geographic Positioning System (GPS) receiver
located proximate to the base station. For example, the
base station may be a Real-time Kinematics (RTK) base
station comprising a GPS receiver and communications
devices. Inan embodiment that is not part of the invention
the GPSreceiver of the base station can be used toderive
an initial position fix of the designated location. In the
claimed invention, the mobile position determination unit
comprises a GPS receiver and is located proximate to
the base station. The GPS receiver of the mobile position
determination unit can be used to derive aninitial position
fix of the designated location for the base station.
[0014] In step 130 of Figure 1, the data message is
transmitted from the base station to a mobile position
determination unit using a radio transmitter. In embodi-
ments of the present invention, the pseudorange data
derived for the designated location and the pseudorange
corrections for a designated region surrounding the des-
ignated location are sent to at least one mobile position
determination unit via the base station. In accordance
with embodiments of the presentinvention, the data mes-
sage is sent from the base station to the mobile position
determination unit using a radio transmitter.

[0015] Embodiments of the present are advantageous
over conventional VRS networks and methods because
dedicated cellular telephone connections between each
mobile position determination unit and the VRS control
center are not necessitated in embodiments of the
present invention. The need for a dedicated cellular con-
nection for each mobile position determination unit is fi-
nancially burdensome and is needlessly redundant when
a plurality of mobile position determination units are being
used in a relatively compact region surrounding the base
station. In embodiments of the present invention, only a
single cellular telephone connection, between the VRS
control center and the base station, is necessary to send
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the pseudorange corrections and the derived pseudor-
ange data. This data is then forwarded to the mobile po-
sition determination units using a radio transmitter locat-
ed at the designated location.

[0016] Figures 2A, 2B show block diagrams of embod-
iments not part of the invention. Figure 2C shows block
diagrams of embodiments of exemplary base stations
and mobile position determination units used in a system
200 for delivering virtual reference station data in accord-
ance with embodiments of the present invention. While
the following embodiments of system 200 are recited
specifically, it is appreciated that the present invention is
not limited to these embodiments alone. In Figure 2A,
base station 210 comprises a GPS module 211, a Blue-
tooth module 212, a radio module 213, and a cellular
telephone module 214. While the present invention re-
cites a GPS module specifically, embodiments of the
present invention are well suited to utilize other naviga-
tional systems such as the GLONASS system, or the
Galileo system currently under development.

[0017] Mobile position determination unit 220 compris-
es a GPS module 221, a Bluetdoth module 222, and a
radio module 223. Mobile position determination unit 220
may also comprise optional cellular telephone module
224 either integrated into unit 220 or, for example, carried
by an operator (e.g., a cell phone). Other components of
base station 210 and mobile position determination unit
220 that are not shown can include a processor for
processing digital information, data storage devices such
as memory, magnetic or optical storage, and/or remov-
able data storage devices. Additionally, antennas for the
various communication devices are not shown for clarity.
[0018] Inthe embodiment of Figure 2A, an initial loca-
tion of base station 210 can be determined using GPS
module 211. In other words, in an embodiment that is not
part of the invention, an initial position fix of the desig-
nated location of base station 210 is determined using
GPS module 211. Alternatively, and according to the
claimed invention, the initial location of base station 210
can be determined using GPS module 221 of mobile po-
sition determination unit 220. This initial location is then
transmitted to the VRS control center via a cellular tele-
phone network using, for example, cellular telephone
module 214. VRS control center 310 determines the ex-
pected pseudoranges for base station 210 by, suitable
processing of the pseudoranges obtained from the vari-
ous distant reference stations in the VRS network. The
pseudorange data is then sent to base station 210 via
the cellular telephone network. For example, an un-aided
GPS unit can fix its current position with a resolution of
approximately 10 meters. However, when the pseudor-
ange data from VRS control center 310 is correlated with
the initial position fix, a resolution of 1 centimeter over
10 kilometers Is realized in the horizontal plane, and 2
centimeters over 10 kilometers is realized in the vertical
plane is realized.

[0019] As long as base station 210 remains within a
designated region surrounding the designated location
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the VRS base station will continue to send pseudorange
data and pseudorange corrections based upon the initial
designated position. If base station 210 is moved outside
of the designated region, a new set of pseudorange data
and pseudorange corrections may be determined using
VRS network 300.

[0020] In Figure 2B, base station 210 comprises two
separate units. The first unit 210a comprises a GPS mod-
ule 211, aradio module 213, and a first Bluetooth module
212a. The second unit 210b comprises a second Blue-
tooth module 212b and a cellular telephone module 214.
Mobile position determination unit 220 comprises GPS
module 221, Bluetooth module 222, radio module 223
and optional cellular telephone module 224. In the em-
bodiment of Figure 2B, in an embodiment that is not part
of the invention, the initial location of base station 210
can be determined using GPS module.211 of first unit
210a. Alternatively, and according to the claimed inven-
tion, the initial location of base station 210 can be deter-
mined using GPS module 221 of mobile position deter-
mination unit 220. In one embodiment, that is not part of
the invention this initial location is sent from first unit 210a
to second unit 210b wirelessly via Bluetooth modules
212aand 212b. However, while the present embodiment
recites sending the initial location to second unit 210b
wirelessly, embodiments of the presentinvention are well
suited for sending the initial location from first unit 210a
to second unit 210b using other methods such as a par-
allel or serial data connection. Additionally, embodiments
of the present invention are well suited to using other
wireless communications such as radio transceivers for
sending the initial location from first unit 210a to second
unit 210b. Second unit 210b sends the initial location to
the VRS control center via a cellular telephone network
using cellular telephone module 214. The pseudorange
data of the designated location of base station 210 is
then determined as described above.

[0021] In Figure 2C, base station 210 comprises a ra-
dio module 213, a cellular telephone module 214, and
an optional Bluetooth module 212. Mobile position deter-
mination unit 220 comprises GPS module 221, radio
module 223, an optional Bluetooth module 212, and an
optional cellular telephone module 224. In the embodi-
ment of Figure 2C, the initial location of base station 210
is determined using the GPS module 221 of mobile po-
sition determination unit 220. For example, position de-
termining 220 unit can be located proximate to base sta-
tion 210 and the initial location for base station 210 is
determined using GPS module 221. The initial location
can be sent wirelessly to base station 210 using either
Bluetooth module 222, radio module 223, or cellular tel-
ephone module 224. While the present embodiment re-
cites mobile position determination unit 220 sending the
initial location to base station 210 wirelessly, embodi-
ments of the present invention are well suited to using
other communication methods such as a serial or parallel
data connection, etc. Base station 210 receives the initial
location using radio module 213, Bluetooth module 212,
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or cellular telephone module 214 and sends it to VRS
control center 310 via a cellular telephone network con-
nection using cellular telephone module 214. The pseu-
dorange data of the designated location of base station
210 is then determined as described above as well as
the pseudorange corrections for the designated region
surrounding the designated location of base station 210.
[0022] Referring now to Figure 3, which shows an ex-
emplary broadcast network 300 which can be utilized in
embodiments of the present invention. In one embodi-
ment, network 300 is a VRS network comprising a VRS
control center 310 that is communicatively coupled with
a plurality of reference stations (e.g., reference stations
321, 322, 323, 324, 325, 326, 327, and 328 of Figure 3).
In embodiments of the present invention, there are a va-
riety of methods for communicatively coupling VRS con-
trol center 310 with reference stations 321-328 such as
wireless transmissions, or a Public Switched Telephone
Network (PSTN).

[0023] The reference stations are located at surveyed
positions and are used to establish the magnitude of po-
sition fix errors (e.g., ionospheric and tropospheric delay,
satellite orbit errors, satellite clock errors, etc.) incurred
at that location when receiving a satellite based position
fix such as a GPS position fix. As a result of these errors,
a GPS receiver may provide an inaccurate position fix.
However, comparing the position fix from the GPS re-
ceiver with the surveyed position of the reference station
facilitates establishing the magnitude of the position fix
error at that location. A pseudorange correction can then
be derived which, when correlated with the position fix,
accurately determines the initial position of the GPS re-
ceiver. Inembodiments of the present invention, this then
becomes the designated location of the Virtual Reference
Station.

[0024] In embodiments of the present invention, other
processes are typically used to provide further correc-
tions, as described in an article titled "Broadcast Network
RTK Transmission Standards and Results," by Nicholas
Talbot, Gang Lu, Timo Allison, and Ulrich Vollath, can be
accessed at the following URL:

http://trl.trimble.com/dscgi/ds.py/Get/File-
110017/Broadcast Network_RTK.pdf.

[0025] Another article describing Virtual Reference
Station processing titled, "Multi-Base RTK Positioning
Using Virtual Reference Stations," by Ulrich Vollath, Alois
Buecherl, Herbert Landau, Christian Pagels, and Bern-
hard Wagner can be accessed at the following URL:

http://trl.trimble.com/dscgi/ds.py/Get/File-
93153/ION2000-Paper-MultiBase.doc.

[0026] Anadditional article describing VRS processing
titled, "Long-Range RTK Positioning Using Virtual Ref-
erence Stations," by Ulrich Vollath, Alois Deking, Herbert
Landau, and Christian Pagels can be accessed at the
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following URL:

http://trl.trimble.com/dscgi/ds.py/Get/File-
93152/K1S2001-Paper-LongRange.pdf.

[0027] Determining the pseudorange data for the des-
ignated location and the pseudorange corrections is typ-
ically performed at VRS control center 310. Using the
data from the various other reference stations, VRScon-
trol center 310 can then mathematically determine the
appropriate corrections for pseudoranges measured by
rovers at a given location in the coverage region of net-
work 300. For example, VRS control center 310 can cal-
culate pseudorange corrections for a navigation receiver
331 a using the information sent by reference stations
321 and 324. Similarly, VRS base station/control center
310 can calculate pseudorange corrections for a naviga-
tion receiver 331 b using the error information sent by
reference stations 321, 323, and 324.

[0028] In the present embodiment, the designated lo-
cation (e.g., location 330 of Figure 3) of a VRS base sta-
tion (e.g., base station 210) is determined using VRS
network 300. In one embodiment, a GPS position fix of
the initial position of base station 210 is determined and
sent to VRS control center 310 using, for example, cel-
lular network 360. VRS control center 310 then deter-
mines expected pseudoranges and corrections for pseu-
doranges in that region for base station 210 using the
data generated by reference stations in the vicinity (e.g.,
reference stations 324, 326, and 327).

[0029] Referring again to step 120 of Figure 1, a data
message is sent from VRS control center 310 to base
station 210 comprising the pseudorange data for GPS
receivers at the designated location 330 and pseudor-
ange corrections for a designated region surrounding lo-
cation 330 (e.g., region 340 of Figure 3) via cellular net-
work 360.

[0030] Referring againto step 130 of Figure 1, the data
message containing the expected pseudoranges and
pseudorange corrections appropriate for this region is
sent from the base station 210 to a mobile position de-
termination unit using a radio transmitter (e.g., radio mod-
ule 231 of Figures 2A, 2B, and 2C). The pseudorange
and correction data can then be used to determine the
position of a roving mobile position determination unit
220. As long as mobile position determination unit 220
is within a designated region surrounding the designated
location of the virtual reference station (e.g., within region
340 of Figure 3) of base station 210, the pseudorange
data and pseudorange corrections received by base sta-
tion 210 in step 120 can be used to determine the current
position of mobile position determination unit 220 using
standard RTK methods.

[0031] Since pseudorange data is taken and proc-
essed second by second, the data stream from the VRS
control center must be delivered in real time, for the du-
ration of the survey by the mobile position determination
units. This method of delivering all necessary data to a
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single pointfor redistribution via alternate, less expensive
communications channels represents a large potential
savings for surveyors. For example, at a construction site
itis not uncommon to find multiple mobile position deter-
mination units used for surveying purposes in addition to
multiple mobile position determination units being used
in conjunction with heavy machinery such as bulldozers
and back-hoes. All of these units may be able to utilize
the same pseudorange correction from the VRS base
station if they are within a given radius of the virtual ref-
erence station.

[0032] Embodiments of the present invention reduce
the need for multiple cellular telephone connections be-
cause the base station sends the position correction to
mobile position determination units using, for example,
the Bluetooth module 212, or the radio module 213. As
a result, only a single cellular telephone connection is
needed, between the base station and the VRS control
center, in embodiments of the present invention.

[0033] Another advantage of the present invention is
that in many conventional systems, the roving mobile po-
sition determination units typically have only a radio re-
ceiver. In embodiments of the present invention, radio
module 223 is a radio transceiver that can send satellite
data to, and receive satellite data from, base station 210.
In the past a radio transceiver was not used in roving
mobile position determination units because of size,
weight, and power consumption issues. However, radio
transceiver modules are currently available having the
issues. However, radio transceiver modules are currently
available having the same physical package as previous
radio receiver modules and only draw a half watt of power
when transmitting. As a result, the present invention can
utilize a radio transceiver in the mobile position determi-
nation unit (e.g., mobile position determination unit 220
of Figures 2A, 2B, and 2C) without any significant in-
crease in size or weight. Thus, two-way communications
links can be established in the field between base station
210 and a plurality of mobile position determination units
220 without incurring additional cellular telephone charg-
es realized in conventional VRS systems.

[0034] Inoneembodiment, radio modules 213 and 223
operate in the UHF spectrum in the range of approxi-
mately 450-470 MHz. In another embodiment, radio mod-
ules 213 and 223 operate in the VHF spectrum in the
range of approximately 150-170 MHz. In yet another em-
bodiment, radio modules 213 and 223 are spread spec-
trum transceivers and operate in the range of approxi-
mately 900 MHz. While the present embodiments recite
these frequency ranges specifically, embodiments of the
present invention are well suited to operate in other fre-
quency ranges as well, for example, in unlicensed bands
such as 2.4 GHz under Part 15 of the FCC Rules (see
CFR 47).

[0035] An additional advantage of the present inven-
tion is that base station 210 can be also used as a roving
mobile position determination unit after the VRS base
station has determined a more accurate position for the



11 EP 1 664 831 B1 12

designated VRS location, which is in tial location of the
base station. In an embodiment of Figure 2A, which does
not form part of the invention, the base station may com-
prise a GPS module, a Bluetooth module, aradio module,
and a cellular telephone module. After receiving the
pseudorange data and pseudorange corrections from
VRS control center 310 and determining its current po-
sition, base station 210 can be moved to a second posi-
tion within region 340 and used as a roving unitin a man-
ner similar to mobile position determination unit 220. As
long as the base station stays within a given radius (e.g.,
within region 340 of Figure 3) of that designated location
(e.g., location 330 of Figure 3), the pseudorange correc-
tion data received can be correlated with subsequent po-
sition fixes. In such an implementation, base station 210
and mobile position determination unit 220 can both be
used as mobile position determination units. In conven-
tional RTK systems, the GPS unit used to transmit the
position correction must remain in a fixed position above
a known, surveyed position. As a result, one GPS unit is
unavailable for use as a roving surveying unit.

[0036] Figure 4 is a flowchart of a method 400 for de-
livering Virtual Reference Station data in accordance with
an embodiment of the present invention. In step 410 of
Figure 4, data is collected from a plurality of reference
stations (e.g., reference stations 321-328 of Figure 3) to
derive pseudorange data for a designated location (e.g.,
location 330 of Figure 3) and to derive pseudorange cor-
rections for a designated region surrounding the desig-
nated location (e.g., region 340 of Figure 3).

[0037] In step 420 of Figure 4, a data message, com-
prising the pseudorange data and the pseudorange cor-
rections, is send to a base station (e.g., base station 210
of Figures 2A, 2B, and 2C). As described above, the
pseudorange data and pseudorange corrections are sent
from VRS control center 310 to base station 210 using
cellular network 360. The pseudorange data and pseu-
dorange corrections can be used to determine the loca-
tion of base station 210 and/or mobile position determi-
nation units 220 with a greater resolution than is achieved
using an un-aided GPS position fix.

[0038] In step 430 of Figure 4, the data message is
transmitted from the base station to a mobile position
determination unit (e.g., mobile position determination
unit 220 of Figures 2A, 2B, and 2C) using a radio trans-
mitter (e.g., radio module 213 of Figures 2A, 2B, and 2C).
expected pseudorange at the VRS base station and the
pseudorange corrections are used by the mobile position
determination units, along with data received from the
satellites, to determine the geographic position the rover,
again relative to the precise position of the VRS. As de-
scribed above, while mobile position determination unit
220is within a designated region surrounding designated
location 330, the expected pseudorange atthe VRS (e.g.,
base station 210 located at designated location 330) and
the pseudorange corrections are used to more accurately
determine the present position of the mobile position de-
termination unit. For example, referring again to Figure
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3, a first measurement of mobile position determination
unit 220 is made. This measurement is then corrected
using the pseudorange corrections to more accurately
determine the geographic position of mobile position de-
termination unit220. When mobile position determination
unit 220 is moved to a second position, a second meas-
urement of its position is made. As long as mobile position
determination unit 220 is within a given radius of base
station 210, the pseudorange data and pseudorange cor-
rections sent by VRS control center 310 can be proc-
essed with this second position measurement to obtain
a more accurate position fix for mobile position determi-
nation unit 220.

[0039] Figures 5A, 5B, and 5C are flow charts of meth-
ods for delivering Virtual Reference Station data in ac-
cordance with embodiments of the present invention. In
step 511 of Figure 5A, GPS measurement data is col-
lected from a plurality of reference stations. As described
above, VRS control center 310 utilizes GPS data from
reference station 321-328 to determine the magnitude of
errors affecting signals within the network coverage area.
[0040] In step 512 of Figure 5A, RTK/VRS corrections
are generated at a VRS control center. Using the data
collected in step 511, VRS control center 310 generates
RTK/VRS pseudorange corrections that can be used to
determine a geographic position more precisely.

[0041] In step 513 of Figure 5A, a cellular telephone
callisinitiated by a base station for the VRS control center
to send RTK/VRS corrections. In embodiments of the
present invention, base station 210 requests virtual ref-
erence station data for a designated location. In embod-
iments of the present invention, this request is conveyed
using a cellular telephone connection. In an embodiment
that does not form part of the invention, base station 210
sends an initial position fix to VRS control center 310 so
that pseudorange data for that designated location can
be generate.

[0042] Instep 514 of Figure 5A, the VRS control center
sends RTK/VRS corrections using a cellular telephone
network. In embodiments of the present invention, VRS
control center 310 will then generate pseudorange data
for a designated location (e.g., location 330 of figure 3)
for base station 210 and pseudorange corrections for the
designated region surrounding base station 210 (e.g.,
region 340 of Figure 3). In embodiments of the present
invention, the pseudorange data and pseudorange cor-
rections are sent to base station 210 via cellular network
360.

[0043] Instep515ofFigure 5A, the base station broad-
casts VRS correction data to a mobile position determi-
nation unit using a radio link. In embodiments of the
present invention, base station 210 broadcasts the pseu-
dorange data and pseudorange corrections to mobile po-
sition determination unit 220 using, for example, radio
module 213 or Bluetooth module 212.

[0044] In step 516 of Figure 5A, the mobile position
determination unit receives the VRS correction data. In
embodiments of the present invention, mobile position
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determination unit 220 receives the pseudorange data
and pseudorange corrections using, for example, Blue-
tooth module 222 or radio module 223. The mobile po-
sition determination unitthen uses the pseudorange data
and pseudorange corrections to more precisely deter-
mine its present location.

[0045] Referring now to Figure 5B, in step 521, GPS
measurement data is collected from a plurality of refer-
ence stations. As described above, VRS control center
310 utilizes GPS data from reference station 321-328 to
determine the magnitude of errors affecting signals within
the network coverage area.

[0046] In step 522 of Figure 5B, RTK/VRS corrections
are generated at a VRS control center. Using the data
collected in step 521, VRS control center 310 generates
RTK/VRS pseudorange corrections that can be used to
determine a geographic position more precisely.

[0047] In step 523 of Figure 5B, a mobile position de-
termination unit requests VRS correction data from a
base station. In embodiments of the present invention,
mobile position determination unit 220 initiates generat-
ing VRS correction data by sending a message to base
station 210 requesting VRS correction data.

[0048] In step 524 of Figure 5B, a cellular telephone
callisinitiated by a base station for the VRS control center
to send RTK/VRS corrections. In response to the mes-
sage from mobile position determination unit 220, base
station 210 contacts VRS control center 310 via cellular
network 360 and requests VRS correction data.

[0049] Instep 525 of Figure 5B, the VRS control center
sends RTK/VRS corrections using a cellular telephone
network. In embodiments of the present invention, VRS
control center 310 will then generate pseudorange data
for a designated location (e.g., location 330 of Figure 3)
for base station 210 and pseudorange corrections for the
designated region surrounding base station 210 (e.g.,
region 340 of Figure 3). In embodiments of the present
invention, the pseudorange data and pseudorange cor-
rections are sent to base station 210 via cellular network
360.

[0050] Instep 526 of Figure 5B, the base station broad-
casts VRS correction data to the mobile position deter-
mination unit using a radio link. In embodiments of the
presentinvention, base station 210 broadcasts the pseu-
dorange data and pseudorange corrections to mobile po-
sition determination unit 220 using, for example, radio
module 213 or Bluetooth module 212.

[0051] In step 527 of Figure 5B, the mobile position
determination unit receives the VRS correction data. In
embodiments of the present invention, mobile position
determination unit 220 receives the pseudorange data
and pseudorange corrections using, for example, Blue-
tooth module 222 or radio module 223. The mobile po-
sition determination unitthen uses the pseudorange data
and pseudorange corrections to more precisely deter-
mine its present location.

[0052] Referring now to Figure 5C, in step 531, GPS
measurement data is collected from a plurality of refer-
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ence stations. As described above, VRS control center
310 utilizes GPS data from reference station 321-328 to
determine the magnitude of errors affecting signals within
the network coverage area.

[0053] Instep 532 of Figure 5C, RTK/VRS corrections
are generated at a VRS control center. Using the data
collected in step 531, VRS control center 310 generates
RTK/VRS pseudorange corrections that can be used to
determine a geographic position more precisely.

[0054] In step 533 of Figure 5C, a mobile position de-
termination unit requests VRS correction data from the
VRS control center. In embodiments of the present in-
vention, a request for VRS correction data is conveyed
from the mobile position determination unit directly to the
VRS control center. For example, a user may initiate a
cellular telephone call using optional cellular telephone
module 224 (e.g., a cellular telephone) by calling VRS
control center 310 directly. The user could then indicate
a particular base station In the network for VRS control
center 310 to contact: Upon indicating which base station
to contact, the user can terminate the cellular connection
with VRS base station 310 because the VRS data will be
sent from base station 210 to the -" mobile position de-
termination unit using a radio transmitter.

[0055] Instep 534 of Figure 5C, the VRS control center
initiates a cellular telephone connection with the base
station and requests a position fix. VRS control center
310then contacts base station 210 and requests an initial
position fix of its current location. Using this information,
VRS control center 310 can then generate pseudorange
data for base station 210 and pseudorange corrections
for the designated region surrounding base station 210.
[0056] Instep 535 of Figure 5C, the base station sends
a position fix to the VRS control center. Base station 210
then determines an initial position fix of its current location
using, for example, GPS module 211, according to an
embodiment that does not form part of the invention, or
GPS module 221 according to the invention. This initial
position fix is then sent to VRS control center 310 via
cellular network 360.

[0057] In step 536 of Figure 5C, the control center
sends RTK/VRS corrections using a cellular telephone
network. In embodiments of the present invention, VRS
control center 310 will then generate pseudorange data
for a designated location (e.g., location 330 of Figure 3)
for base station 210 and pseudorange corrections for the
designated region surrounding base station 210 (e.g.,
region 340 of Figure 3). In embodiments of the present
invention, the pseudorange data and pseudorange cor-
rections are sent to base station 210 via cellular network
360.

[0058] Instep537 of Figure 5C, the base station broad-
casts VRS correction data to the mobile position deter-
mination unit using a radio link. In embodiments of the
present invention, base station 210 broadcasts the pseu-
dorange data and pseudorange corrections to mobile po-
sition determination unit 220 using, for example, radio
module 213 or Bluetooth module 212.
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[0059] In step 538 of Figure 5C, the mobile position
determination unit receives the VRS correction data. In
embodiments of the present invention, mobile position
determination unit 220 receives the pseudorange data
and pseudorange corrections using, for example, Blue-
tooth module 222 or radio module 223. The mobile po-
sition determination unitthen uses the pseudorange data
and pseudorange corrections to more precisely deter-
mine its present location.

[0060] The preferred embodiment of the present in-
vention, a method and system for determining a geo-
graphic position, is thus described. While the present in-
vention has been described in particular embodiments,
it should be appreciated that the presentinvention should
not be construed as limited by such embodiments, but
rather construed according to the following claims.

Claims

1. A method for delivering Virtual Reference Station,
hereafter VRS, network created correction data de-
rived by a VRS network processor at a VRS control
center (310) for a designated location (330) to a mo-
bile position determination unit (220) with a terrestrial
communications link, said method characterized
by
utilizing a global positioning system, hereafter GPS,
receiver (221) disposed in a mobile position deter-
mination unit (220) proximate to a base station (210)
located in a designated region (340) surrounding
said designated location (330) for determining an in-
itial location for the base station (210);
transmitting the initial location to the VRS control
center and creating a data message comprising
pseudorange data for said designated location (330)
and pseudorange corrections for the designated re-
gion surrounding said designated location;
sending said data message via a cellular telephone
connection (214) between said VRS control center
and said base station (210);
transmitting said data message from said base sta-
tion (210) to the mobile position determination unit
(220) using a radio transmitter (213).

2. The method of claim 1, comprising:

collecting data from a plurality of reference sta-
tions (321-328) to derive the pseudorange data
for the designated location (330) and to derive
the pseudorange corrections for the designated
region surrounding said designated location
(330);

the mobile position determination unit (220) be-
ing located in said designated region (340) sur-
rounding said designated location (330).

3. The method as recited in Claim 1 or 2 wherein said
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10.

VRS control center (310) receives a request for said
Virtual Reference Station data and further compris-
ing: deriving the pseudorange data and the pseudor-
ange corrections in response to receiving said re-
quest.

The method as recited in Claim 3 further comprising:
receiving said request from said base station (210).

The method as recited in Claim 4 further comprising:

initiating said request in response to receiving a
message from said mobile position determina-
tion unit (220).

The method as recited in Claim 3 further comprising:

receiving said request from said mobile position
determination unit (220);

establishing said cellular telephone connection
with said base station (210); and

requesting a position fix of said designated lo-
cation.

The method as recited in Claim 1 wherein said base
station (210) comprises a real-time kinematics base
station and wherein said method further comprises:
communicatively coupling said radio transmitter
(213) with a cellular communications device (214).

The method as recited in Claim 7 wherein said radio
transmitter (213) comprises a Bluetooth communi-
cations device (212), and wherein said method fur-
ther comprises:

sending said data message to said mobile po-
sition determination unit (220) using said Blue-
tooth communications device (212).

The method as recited in Claim 1 or 2 wherein said
transmitting comprises selecting a frequency from a
group of frequency ranges consisting of 150 MHz-
170 MHz and 450 MHz-470 MHz.

A system for delivering Virtual Reference Station,
hereafter VRS, network created correction data
comprising:

a VRS control center (310) for creating a data
message comprising pseudorange data derived
for a designated location (330) and pseudor-
ange corrections for a designated region (340)
surrounding said designated location (330) and
characterized by:

a base station (210) located in said desig-
nated region surrounding said designated
location, said base station (210) for receiv-
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ing said data message from said VRS con-
trol center (310) via a cellular telephone
connection (360) and for transmitting said
data message using a radio transmitter
(213);

a mobile position determination unit (220)
for receiving said data message from said
base station (210); wherein a Global Posi-
tioning System, hereafter GPS, receiver
(221) is disposed in said position determi-
nation unit (220) for determining an initial
location for the base station (210); the mo-
bile position determination unit (220) being
provided for transmitting the initial location
to the VRS control center (310).

The system of Claim 10, wherein said VRS control
center (310) derives the pseudorange data and the
pseudorange corrections in response to a request
for VRS data.

The system of Claim 11 wherein said base station
(210) initiates said request.

The system of Claim 12 wherein said base station
(210) initiates said request in response to a message
from said mobile position determination unit (220).

The system of Claim 11 wherein VRS control center
(310) receives said request from said mobile position
determination unit(220) and establishes said cellular
telephone connection with said base station (210) to
request a position fix of said designated location
(330).

The system of Claim 10 wherein said base station
(210) is a real-time kinematics base station and
wherein said radio transmitter (213) is communica-
tively coupled with a cellular telephone device (214).

The system of Claim 15 wherein said radio transmit-
ter (213) comprises a Bluetooth communications de-
vice (212).

The system of Claim 10 wherein said radio transmit-
ter (213) transmits said data message at afrequency
selected from a group of frequency ranges consisting
of 150 MHz-170 MHz and 450 MHz-470 MHz.

Patentanspriiche

1.

Verfahren zum Bereitstellen von mittels Netzwerk er-
zeugten Korrekturdaten einer virtuellen Referenz-
station, nachstehend VRS, die von einem VRS-
Netzwerkprozessor an einem VRS-Kontrollzentrum
(310) fir eine bezeichnete Position (330) abgeleitet
werden, an eine mobile Positionsbestimmungsein-
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heit (220) mit einem terrestrischen Ubermittiungsab-
schnitt, wobei das genannte Verfahren gekenn-
zeichnet ist durch:

das Verwenden eines Empfangers (221) eines
globalen Positionsbestimmungssystems, nach-
stehend GPS, der in einer mobilen Positionsbe-
stimmungseinheit (220) proximal zu einer Ba-
sisstation (210) angeordnet ist, die in einem be-
zeichneten Bereich (340) angeordnetist, der die
genannte bezeichnete Position (330) umgibt,
um eine Ausgangsposition fiir die Basisstation
(210) zu bestimmen;

das Ubermitteln der Ausgangsposition an das
VRS-Kontrollzentrum und das Erzeugen einer
Datennachricht, die Pseudobereichsdaten fiir
die genannte bezeichnete Position (330) um-
fasst sowie Pseudobereichskorrekturen fir den
bezeichneten Bereich, der die genannte be-
zeichnete Position umgibt;

das Senden der genannten Datennachricht Gber
eine Mobilfunkverbindung (214) zwischen dem
genannten VRS-Kontrollzentrum und der ge-
nannten Basisstation (210);

das Ubermitteln der genannten Datennachricht
vonder genannten Basisstation (210) an die mo-
bile Positionsbestimmungseinheit (220) unter
Verwendung eines Funksenders (213).

2. Verfahren nach Anspruch 1, das folgendes umfasst:

das Sammeln von Daten von einer Mehrzahl von
Referenzstationen (321-328), um die Pseudo-
bereichsdaten fiir die bezeichnete Position
(330) abzuleiten und um die Pseudobereichs-
korrekturen fiir den bezeichneten Bereich abzu-
leiten, der die genannte bezeichnete Position
(330) umgibt;

die mobile Positionsbestimmungseinheit (220),
die sich in dem bezeichneten Bereich (340) be-
findet, welcher die genannte bezeichnete Posi-
tion (330) umgibt.

Verfahren nach Anspruch 1 oder 2, wobei das ge-
nannte VRS-Kontrollzentrum (310) eine Anforde-
rung fir die genannten Daten der virtuellen Refe-
renzstation empfangt, und wobei das Verfahren fer-
ner folgendes umfasst: das Ableiten der Pseudobe-
reichsdaten und der Pseudokorrekturen als Reakti-
on auf den Empfang der genannten Anforderung.

Verfahren nach Anspruch 3, wobei dieses ferner das
Empfangen der genannten Anforderung von der ge-
nannten Basisstation (210) umfasst.

Verfahren nach Anspruch 4, wobei dieses ferner fol-
gendes umfasst:
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das Einleiten der genannten Anforderung als
Reaktion auf den Empfang einer Nachricht von
der genannten mobilen Positionsbestimmungs-
einheit (220).

Verfahren nach Anspruch 3, wobei dieses ferner fol-
gendes umfasst:

das Empfangen der genannten Anforderung
von der genannten mobilen Positionsbestim-
mungseinheit (220);

das Herstellen einer Mobilfunkverbindung mit
der Basisstation (210); und

das Anfordern einer Positionsfixierung der ge-
nannten bezeichneten Position.

Verfahren nach Anspruch 1, wobei die genannte Ba-
sisstation (210) eine Echtzeitkinematik-Basisstation
umfasst, und wobei das genannte Verfahren ferner
das kommunikative Koppeln des genannten Funk-
senders (212) mit einer Mobilfunkkommunikations-
vorrichtung (214) umfasst.

Verfahren nach Anspruch 7, wobei der genannte
Funksender (213) eine Bluetooth-Kommunikations-
vorrichtung (212) umfasst, und wobei das genannte
Verfahren ferner folgendes umfasst:

das Senden der genannten Datennachricht an
die genannte mobile Positionsbestimmungsein-
heit (220) unter Verwendung der genannten
Bluetooth-Kommunikationsvorrichtung (212).

Verfahren nach Anspruch 1 oder 2, wobei das ge-
nannte Ubermitteln die Auswahl einer Frequenz aus
einer Gruppe von Frequenzbereichen umfasst, die
die Bereiche 150 MHz bis 170 MHz und 450 MHz
bis 470 MHz umfasst.

System zum Bereitstellen von mittels Netzwerk er-
zeugten Korrekturdaten einer virtuellen Referenz-
station, nachstehend VRS, wobei das System fol-
gendes umfasst:

ein VRS-Kontrollzentrum (310) zum Erzeugen
einer Datennachricht, die Pseudobereichsdaten
umfasst, die fiir eine bezeichnete Position (330)
abgeleitet werden, sowie Pseudokorrekturen fir
einen bezeichneten Bereich (340), welcher die
genannte bezeichnete Position (330) umgibt;
und gekennzeichnet durch:

eine Basisstation (210), die in dem genann-
ten bezeichneten Bereich angeordnet ist,
welcher die genannte bezeichnete Position
umgibt, wobei die genannte Basisstation
(210) dazu dient, die genannte Datennach-
richt von dem genannten VRS-Kontrollzen-
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trum (310) Uber eine Mobilfunkverbindung
(360) zu empfangen und um die genannte
Datennachricht unter Verwendung eines
Funksenders (213) zu Ubermitteln;

eine mobile Positionsbestimmungseinheit
(220) zum Empfangen der genannten Da-
tennachricht von der genannten Basisstati-
on (210); wobei ein Empfénger (221) eines
globalen Positionsbestimmungssystems,
nachstehend GPS, in der genannten Posi-
tionsbestimmungseinheit (220) angeordnet
ist, um eine Ausgangsposition fir die Ba-
sisstation (210) zu bestimmen; wobei die
mobile Positionsbestimmungseinheit (220)
bereitgestellt ist zum Ubermitteln der Aus-
gangsposition an das VRS-Kontrollzentrum
(310).

System nach Anspruch 10, wobei das genannte
VRS-Kontrollzentrum (310) als Reaktion auf eine
Anforderung von VRS-Daten die Pseudobereichs-
daten und die Pseudobereichskorrekturen ableitet.

System nach Anspruch 11, wobei die genannte Ba-
sisstation (210) die genannte Anforderung einleitet.

System nach Anspruch 12, wobei die genannte Ba-
sisstation (210) die genannte Anforderung als Re-
aktion auf eine Nachricht von der genannten mobilen
Positionsbestimmungseinheit (220) einleitet.

System nach Anspruch 11, das VRS-Kontrollzen-
trum (310) die genannte Anforderung von der ge-
nannten mobilen Positionsbestimmungseinheit
(220) empfangt und eine Mobilfunkverbindung mit
der genannten Basisstation (210) herstellt, um eine
Positionsfixierung der genannten bezeichneten Po-
sition (330) anzufordern.

System nach Anspruch 10, wobei es sich bei der
genannten Basisstation (210) um eine Echtzeitkine-
matik-Basisstation handelt, und wobei der genannte
Funksender (213) kommunikativ mit einer Mobil-
funkvorrichtung (214) gekoppelt ist.

System nach Anspruch 15, wobei der genannte
Funksender (213) eine Bluetooth-Kommunikations-
vorrichtung (212) umfasst.

System nach Anspruch 10, wobei der genannte
Funksender (213) die genannte Datennachricht mit
einer Frequenz Gibermittelt, die aus einer Gruppe von
Frequenzbereichen ausgewahit wird, die die Berei-
che 150 MHz bis 170 MHz und 450 MHz bis 470
MHz umfasst.
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Revendications

Procédé de distribution de données de correction
créées par un réseau de station de référence virtuel-
le (en anglais « Virtual Reference Station» - VRS)
dérivées par un processeur de réseau VRS au ni-
veau d’'un centre de commande VRS (310) pour un
emplacement désigné (330) vers une unité de dé-
termination de position mobile (220) avec un lien de
communication terrestre, ledit procédé étant carac-
térisé par les étapes consistant a :

utiliser un récepteur de systeme de positionne-
ment global (en anglais « Global Positioning
System », GPS) (221) disposé dans une unité
de détermination de position mobile (220) a
proximité d’'une station de base (210) située
dans une région désignée (340) entourant ledit
emplacement désigné (330) pour déterminer un
emplacement initial pour la station de base
(210) ;

transmettre I'emplacement initial au centre de
commande VRS et créer un message de don-
nées comprenant des données de pseudodis-
tance pour ledit emplacement désigné (330) et
des corrections de pseudodistance pour la ré-
gion désignée entourant ledit emplacement
désigné ;

envoyer ledit message de données via une con-
nexion téléphonique cellulaire (214) entre ledit
centre de commande VRS et ladite station de
base (210) ;

transmettre ledit message de données a partir
de ladite station de base (210) vers l'unité de
détermination de position mobile (220) en utili-
sant un émetteur radio (213).

2. Procédé selon la revendication 1, comprenant en

outre I'étape consistant a :

collecter des données a partir d’'une pluralité de
stations de référence (321-328) pour dériver les
données de pseudodistance pour I'emplace-
ment désigné (330) et pour dériver les correc-
tions de pseudodistance pour la région dési-
gnée entourant ledit emplacement désigné
(330) ;

I'unité de détermination de position mobile (220)
étant située dans ladite région désignée (340)
entourant ledit emplacement désigné (330).

Procédé selon la revendication 1 ou 2, dans lequel
ledit centre de commande VRS (310) regoit une de-
mande pour lesdites données de la station de réfé-
rence virtuelle et comprenant en outre I'étape con-
sistant a : dériver les données de pseudodistance et
les corrections de pseudodistance en réponse a la
réception de ladite demande.
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Procédé selon la revendication 3, comprenant en
outre I'étape consistant a : recevoir ladite demande
de ladite station de base (210).

Procédé selon la revendication 4, comprenant en
outre I'étape consistant a :

initier ladite demande en réponse a la réception
d’'un message de ladite unité de détermination
de position mobile (220).

Procédé selon la revendication 3, comprenant en
outre les étapes consistant a :

recevoir ladite demande de ladite unité de dé-
termination de position mobile (220) ;

établir ladite connexion téléphonique cellulaire
avec ladite station de base (210) ; et
demander un relevé de position dudit emplace-
ment désigné.

Procédé selon la revendication 1, dans lequel ladite
station de base (210) comprend une station de base
cinématique en temps réel et dans lequel ledit pro-
cédé comprend en outre I'étape consistant a : cou-
pler de maniére communicative ledit émetteur radio
(213) a un dispositif de communication cellulaire
(214).

Procédé selon la revendication 7, dans lequel ledit
émetteur radio (213) comprend un dispositif de com-
munication Bluetooth (212), et dans lequel ledit pro-
cédé comprend en outre I'étape consistant a :

envoyer leditmessage de données aladite unité
de détermination de position mobile (220) en uti-
lisant ledit dispositif de communication Blue-
tooth (212).

Procédé selon la revendication 1 ou 2, dans lequel
ladite transmission comprend I'étape consistant a
sélectionner une fréquence a partir d’'un groupe de
plages de fréquences de 150 MHz-170 MHz et 450
MHz-470 MHz.

Systéme de distribution de données de correction
créées par un réseau de station de référence virtuel-
le (en anglais « Virtual Reference Station » - VRS)
comprenant :

un centre de commande VRS (310) pour créer
un message de données comprenant des don-
nées de pseudodistance dérivées pour un em-
placement désigné (330) et des corrections de
pseudodistance pour une région désignée (340)
entourant ledit emplacement désigné (330), et
caractérisé par:
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une station de base (210) située dans ladite
région désignée entourant ledit emplace-
ment désigné, ladite station de base (210)
recevant ledit message de données a partir
dudit centre de commande VRS (310) via
une connexion téléphonique cellulaire
(360) et transmettant ledit message de don-
nées en utilisant un émetteur radio (213) ;
une unité de détermination de position mo-
bile (220) pour recevoir ledit message de
données a partir de ladite station de base
(210) ;danslequel unrécepteur de systéme
de positionnement global (en anglais
« Global Positioning System », GPS) (221)
est disposé dans ladite unité de détermina-
tion de position (220) pour déterminer un
emplacement initial pour la station de base
(210) ; l'unité de détermination de position
mobile (220) étant prévue pour transmettre
I'emplacementinitial au centre de comman-
de VRS (310).

Systéme selon la revendication 10, dans lequel ledit
centre de commande VRS (310) dérive les données
de pseudodistance et les corrections de pseudodis-
tance en réponse a une demande de données VRS.

Systéme selon la revendication 11, dans lequel la-
dite station de base (210) initie ladite demande.

Systéme selon la revendication 12, dans lequel la-
dite station de base (210) initie ladite demande en
réponse a un message de 'unité de détermination
de position mobile (220).

Systéme selon la revendication 11, dans lequel le
centre de contrdle VRS (310) regoit ladite demande
de ladite unité de détermination de position mobile
(220) et établit ladite connexion téléphonique cellu-
laire avec ladite station de base (210) pour deman-
derunrelevé de position duditemplacement désigné
(330).

Systéme selon la revendication 10, dans lequel la-
dite station de base (210) est une station de base
cinématique en temps réel et dans lequel ledit émet-
teur radio (213) est couplé de maniére communica-
tive a un dispositif de téléphonie cellulaire (214).

Systéme selon la revendication 15, dans lequel ledit
émetteur radio (213) comprend un dispositif de com-
munication Bluetooth (212).

Systéme selon la revendication 10, dans lequel ledit
émetteur radio (213) transmet ledit message de don-
nées a une fréquence choisie dans un groupe de
plages de fréquences constitué de 150 MHz-170
MHz et 450 MHz-470 MHz.
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FIGURE 1

)

CREATING A DATA MESSAGE COMPRISING PSEUDORANGE DATA FOR A DESIGNATED LOCATION
AND PSEUDORANGE CORRECTIONS FOR A REGION SURROUNDING THE DESIGNATED LOCATION

SENDING THE DATA MESSAGE VIA A CELLULAR TELEPHONE CONNECTION TO A BASE STATION
~ LOCATED IN THE DESIGNATED REGION SURROUNDING THE DESIGNATED LOCATION
' 120 .

TRANSMITTING THE DATA MESSAGE FROM THE BASE STATION TO A MOBILE POSITION
DETERMINATION UNIT USING A RADIO TRANSMITTER
: - 130

=
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FIGURE 4

=)
'

COLLECTING DATA FROM A PLURALITY OF REFERENCE STATIONS TO DERIVE
PSEUDORANGE DATA FOR A DESIGNATED LOCATION AND TO DERIVE
PSEUDORANGE CORRECTIONS FOR A DESIGNATED REGION SURROUNDING THE
DESIGNATED LOCATION

410

]

SENDING A DATA MESSAGE COMPRISING THE PSEUDORANGE DATA AND THE
PSEUDORANGE CORRECTIONS TO A BASE STATION VIA A CELLULAR
TELEPHONE NETWORK

420 ‘

) 4

TRANSMITTING THE DATA MESSAGE FROM THE BASE STATION TO A MOBILE
POSITION DETERMINATION UNIT USING A RADIO TRANSMITTER

430

=S
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FIGURE 5A
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COLLECT GPS MEASUREMENT DATA FROM REFERENCE STATIONS
' 511

v

GENERATE RTK/VRS CORRECTIONS AT CONTROL CENTER
512

[ !

CELLULAR TELEPHONE CALL INIT!ATED BY BASE STATION FOR CONTROL
CENTER TO SEND RTK/VRS CORRECTIONS

513

y

CONTROL CENTER SENDS RTK/VRS CORRECTIONS USING CELLULAR

TELEPHONE NETWORK
514

v

BASE STATION BROADCASTS VRS CORRECTION DATA TO A MOBILE POSITION
DETERMINATION UNIT USING RADIOLINK -~
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MOBILE POSITION DETERMINATION UNIT RECEIVES VRS CORRECTION DATA
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FIGURE 5B
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COLLECT GPS MEASUREMENT DATA FROM REFERENCE STATIONS
521
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GENERATE RTK/VRS CORRECTIONS AT CONTROL CENTER

I

MOBILE POSITION DETEHMINATlON UNIT REQUESTS VRS CORRECTION DATA
FROM BASE STATION -

523

v

CELLULAR TELEPHONE CALL INITIATED BY BASE STATION FOR CONTROL
CENTER TO SEND RTK/VRS CORRECTIONS
524
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CONTHOECENTEH’S’ENEWTWS‘C@??E@WS‘US% CELLULAR—
TELEPHONE NETWORK
525

y

BASE STATION BROADCASTS VRS CORRECTION DATA TO MOBILE: POSITION
DETERMINATION UNIT USING RADIO LINK
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MOBILE POSITION DETERMINATION UNIT RECEIVES VRS CORRECTION DATA
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