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Fig. 1

RTK engine is implementing using a first set of parameters. A second RTK
engine is implemented using a second set of parameter different than the first
set. A plurality of GNSS signals are received from multiple satellites. At least
. one correction signal is received from at least one base receiver. A first posi-
tion is determined from the first RTK engine based on the GNSS signals and
the at least one correction signal. A second position is determined from the
first RTK engine based on the GNSS signals and the at least one correction
signal. A final position of the GNSS surveying receiver is determined based
on the first position or the second position or a combination of both positions.
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GNSS SURVEYING RECEIVER WITH MULTIPLE RTK ENGINES

This application claims the benefit co-pending commonly assigned US Provisional Patent
Application serial number 61/472,571, titled “GNSS SURVEYING RECEIVER WITH
MULTIPLE RTK ENGINES” by Javad Ashjaee, filed on April 6, 2011, and which is

incorporated herein in its entirety.

BACKGROUND
1. Field
[0001] The present disclosure relates generally to global navigation satellite systems
(GNSS), and more specifically to GNSS surveying receivers using multiple real time

kinematic (RTK) engines.

2. Description of Related Art

[0002] Navigation receivers that use global navigation satellite systems, such as GPS or
GLONASS (hereinafter collectively referred to as "GNSS"), enable the highly accurate
determination of the position of the receiver. The satellite signals comprise carrier harmonic
signals that are modulated by pseudo-random binary codes and which, on the receive side, are
used to measure the delay relative to a local reference clock. These delay measurements are
used to determine the so-called pseudo-ranges between the receiver and the satellites. The
pseudoranges are different from the true geometric ranges because the receiver's local clock is
different from the satellite onboard clocks. If the number of satellites in sight is greater than
or equal to four, then the measured pseudo-ranges can be processed to determine the user's
single point location as represented by a vector X = (X,y,Z)7T, as well as to compensate for the

receiver clock offset.

[0003] GNSS finds particular application in the field of surveying, which requires highly
accurate measurements. The need to improve positioning accuracies has eventually led to the
development of differential navigation/positioning. In this mode, the user position is
determined relative to the antenna connected to a base receiver or a network of base receivers,
assuming that the positional coordinates of the base receiver(s) are known with high accuracy.
The base receiver or receiver network transmits its measurements (or corrections to the full

measurements) to a mobile navigation receiver (or rover). The rover receiver uses these
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corrections to refine its own measurements in the course of data processing. The rationale for
this approach is that since the pseudo-range measurement errors on the base and rover sides
are strongly correlated, using differential measurements will substantially improve positioning

accuracy.

[0004] Usually, the base is static and located at a known position. However, in relative
navigation mode, both the base and rover are moving. In this mode, the user is interested in
determining the vector between the base and the rover. In other words, the user is interested
in determining the continuously changing rover position relative to the continuously changing
position of the base. For example, when one aircraft or space vehicle is approaching another
for in-flight refueling or docking, a highly accurate determination of relative position is

important, while the absolute position of each vehicle is generally not critical.

[0005] The position of the rover changes continuously in time, and thus should be
referenced to a time scale. The determination of the position of a mobile rover with respect to
a base receiver in real-time may be performed using a "Real-Time Kinematic" or RTK
algorithm, which is stored in memory on the rover. As the name "real time kinematic”
implies, the rover receiver is capable of calculating/outputting its precise position as soon as
raw data measurements and differential corrections are available at the rover (i.e., practically
instantly). The RTK mode uses a data communication link (typically either a radio
communication link or a GSM binary data communication link), through which all the

necessary information is transmitted from the base to the rover.

[0006] Further improvement of the accuracy in differential navigation/positioning
applications can be achieved by using both the carrier phase and pseudorange measurements
from the satellites to which the receivers are locked. If one measures the carrier phase of the
signal received from a satellite in the base receiver and compares it with the carrier phase of
the same satellite measured in the rover receiver, one can obtain measurement accuracy to

within a small fraction of the carrier's wavelength.

[0007] The accuracy of the differential positioning may also depend on the RTK algorithm.
For example, the RTK algorithm may make assumptions about, among other factors, how
many GNSS satellites to use or how to handle outlier measurements. If these assumptions are

correct, the RTK algorithm may quickly produce an accurate position. If these assumptions
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are incorrect, the RTK algorithm may produce a less accurate position or may take longer to

produce an accurate position.

BRIEF SUMMARY

[0008] One exemplary process is for determining the position of a global navigation
satellite system (GNSS) surveying receiver based on a plurality ofRTK engines. A first RTK
engine is implementing using a first set of parameters. A second RTK engine is implemented
using a second set of parameter different than the first set. A plurality of GNSS signals are
received from multiple satellites. At least one correction signal is received from at least one
base receiver. A first position is determined from the first RTK engine based on the GNSS
signals and the at least one correction signal. A second position is determined from the first
RTK engine based on the GNSS signals and the at least one correction signal. A final
position of the GNSS surveying receiver is determined based on the first position or the

second position or a combination of both positions.

DESCRIPTION OF THE FIGURES

[0009] Fig. 1 depicts a flow chart for an exemplary process for using multiple RTK engines
on a GNSS device.

[0010] Fig. 2A depicts a view of a GNSS device.

[0011] Fig. 2B depicts another view of the GNSS device.

[0012] Fig. 3A depicts a screenshot of a user interface screen of a GNSS device.

[0013] Fig. 3B depicts another screenshot of the user interface screen of the GNSS device.

[0014] Fig. 4 depicts a typical computer system.
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DETAILED DESCRIPTION

[0015] The following description is presented to enable a person of ordinary skill in the art
to make and use the various embodiments. Descriptions of specific devices, techniques, and
applications are provided only as examples. Various modifications to the examples described
herein will be readily apparent to those of ordinary skill in the art, and the general principles
defined herein may be applied to other examples and applications without departing from the
spirit and scope of the various embodiments. Thus, the various embodiments are not intended
to be limited to the examples described herein and shown, but are to be accorded the scope

consistent with the claims.

[0016] Fig. 1 depicts flow chart 100 for an exemplary process for determining a position of
a GNSS rover receiver based on position information from a plurality ofRTK engines that run
in parallel on the GNSS receiver. The exemplary process is suitable for implementation on a
GNSS device in the form of computer executable instructions that may be executed on a

processor included in the GNSS device.

[0017] Fig. 2A depicts exemplary GNSS device 200 that may be used to implement the
exemplary process. GNSS device 200 includes a GNSS antenna under cover 202, front facing
camera 204, and one or more communication antennas under covers 206. Fig. 2B depicts
another view of GNSS device 200 showing user interface screen 208. GNSS device 200 also
includes one or more processors and memory for storing data and instructions that are

executed on the one or more processors.

[0018] Asusedin RTK engine, an "engine" may be defined as an algorithm running on a
processor for computing position. Multiple engines may reside on a single processor chip.
For example, an engine may run on one core of a multiple-core processor, or multiple threads

running multiple algorithms on a single core may each constitute an engine.

[0019] Referring back to flow chart 100 of Fig. 1, in operation 102, a GNSS device
implements a first RTK engine using a first set of parameters. The GNSS device may
implement the first RTK engine by running a software algorithm that implements the first

RTK engine with the first set of parameters as input.
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[0020] The first set of parameters specifies how the RTK engine should operate. In one
example, the first set of parameters is loaded from memory that is a part of the GNSS device.
In another example, the first set of parameters is obtained from the user through the use of a
user interface of the GNSS device. Exemplary parameters that may be included in the first set
of parameters include parameters specifying: the number of satellites to consider in
determining a position of the GNSS device, a fading factor, residual ionosphere estimator
parameters, how outlier detection should be handled, and the tolerances of the integer

ambiguity validation procedure.

[0021] A parameter specifying the number of satellites to consider may be used, for
example, to limit the RTK engine to using signals from five GPS satellites and three
GLONASS satellites that have the strongest signals. In other examples, satellites from other
GNSS constellations may also be used. In another example, this parameter may specify that
all available satellites should be used. In yet another example, this parameter may specify that
only satellites without multipath error should be used. In this example, the chance of
multipath error for a satellite may be estimated based upon the correlation between multipath
error and elevation of the satellite with respect to the horizon. By limiting the number of
satellites, the RTK engine may provide a position faster than an RTK engine using all

available satellites.

[0022] The RTK engine may employ a recursive algorithm for determining position. In
one case, the RTK engine may employ a parameter specifying the fading factor, which
determines the weight to be applied to previous data collected by the RTK engine when
updating the position determination. A longer fading factor may provide more stability to the
RTK engine. However, a shorter fading factor may provide faster and more accurate results
under changing environmental conditions that may affect signal reception at the GNSS

device.

[0023] The residual ionospheric delay estimator is used to account for the delay in a signal
resulting from the signal traveling through the ionosphere. Several parameters control its

operation (e.g., expected residual ionospheric delay and expected time of auto-correlation).

[0024] One or more parameters may specify how outlier detection is handled. In a case

where the atmospheric channel is assumed to be bandlimited white noise with a defined
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variance, then parameters can be defined that specify how aggressive the RTK engine should
be in dropping anomalous measurements that violate this error assumption. For example, a
parameter may specify a threshold on the probability of an anomalous measurement. If the
measurement has a probability ofless than a threshold (e.g., 10-7 or 10-10), the RTK engine
may handle the measurement as an anomalous measurement and may, for example, drop the
measurement. In another example, a threshold may be placed on the error associated with a

measurement.

[0025] An RTK engine may produce either an RTK Fixed position or an RTK Float
position. Whether an RTK Fixed position is obtained may depend, in part, on the integer
ambiguity validation procedure. The RTK engine may accept one or more parameters that

affect the tolerances of the integer ambiguity validation procedure.

[0026] While exemplary parameters have been described, other parameters may also be

used.

[0027] In operation 104, a GNSS device implements a second RTK engine using a second
set of parameters. This operation may proceed in the same manner as operation 102. The
second set of parameters is different from the first set of parameters. For example, the second
set of parameters may have different values for one or more parameters as compared to the
first set of parameters or the second set of parameters may have one or more different

parameters as compared to the first set of parameters.

[0028] In one example, the first and second RTK engines may be implemented on the same
processor of the GNSS device. In another example, if the GNSS device contains multiple

processors, the first and second RTK engines may be implemented on different processors.

[0029] The second RTK engine may be identical to the first RTK engine. In this case, any
differences in the position produced by the two RTK engines may be caused by differences in

the first and second sets of parameters.

[0030] Alternatively, the second RTK engine may be different from the first RTK engine.
For example, the second RTK engine may be implemented with a different algorithm as

compared to the first R TK engine. In this case, any difference in the position produced by
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the two RTK engines may be caused by differences in the first and second sets of parameters

or by differences in the RTK algorithms.

[0031] In operation 106, the GNSS device receives a plurality of GNSS signals from
multiple GNSS satellites. The GNSS signals contain timing information that may be used by
cach RTK engine running on the GNSS device to determine its position. The GNSS signals
may be received through, for example, a GNSS antenna mounted on the GNSS device and

connected to a GNSS receiver.

[0032] In operation 108, the GNSS device receives a correction signal from at least one
base station or network of base stations. The correction signal contains correction
information that may be used by each RTK engine to improve the accuracy of the position as
determined by using the GNSS signals from operation 106. The correction signal may be
received through, for example, a communications antenna mounted on the GNSS device and

connected to a communications receiver or transceiver in the GNSS device.

[0033] In operation 110, the GNSS device determines a first position from the first RTK
engine based on the plurality of GNSS signals and the at least one correction signal. The first
RTK engine may also provide a first error indicator of the first position. For example, the
first RTK engine may provide an RMS error. As another example, the first RTK engine may
also provide the type of solution or position it determined. In this example, an RTK Float

position may have a higher error associated with it as compared to a RTK Fixed position.

[0034] In operation 112, the GNSS device determines a second position from the second
RTK engine based on the plurality of GNSS signals. Like the first RTK engine, the second

RTK engine may also provide a second error indicator of the second position.

[0035] A more detailed description of determining a position based on signals from GNSS
satellites and base stations is available in US Patent Application No. 12/070,333, filed
February 15, 2008, published as US Patent Publication No. 2008/0208454 and No.
12/360,808, filed January 27, 2009, published as US Patent Publication No. 2009/0189804
assigned to the assignee of the present invention, and each of which are incorporated herein

by reference in their entirety for all purposes.
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[0036] In operation 114, the GNSS device determines a final position based on the results
from operations 110 and 112. For example, if the first position and the second positions are
the same, then the final position may be the first and second positions. Even if the first and
second positions are identical, the differences between the first and second sets of parameters
or the differences between the first and second RTK engines may result in the first or second
RTK engine producing a resulting position before the other RTK engine produces a position.

The final position may be selected as the R TK position that is available first.

[0037] In another example, the first and second positions may be different. Any difference
may be due to the differences between the first and second sets of parameters. In an
alternative example, if the first and second RTK engines are different, this may also account
for the differences in positions. In these examples, any number of possible methods may be
used to determine the final position. Both the first and second positions may be averaged
together to determine the final position. The first and second error indications may also be
used to determine which of the first and second positions to use as the final position (e.g., the
position with the smallest error is used as the final position). The error indications could also
be used to determine weights for a weighted averaging of the first and second positions. If
either of the positions is an RTK Fixed position while the other position is an RTK Float
position, the RTK Fixed position may be used because, in many cases, an RTK Fixed position
is always more accurate than an R TK Float position. These are just a few possible methods
for determining the final position based on the first or second position. Other methods also

exist that do not deviate from the exemplary process.

[0038] The exemplary process has been described with respect to two RTK engines.
However, any number of engines may be used. For example, Fig. 3A depicts user interface
screen 300 of a GNSS device with six RTK engines (a "six pack") represented by status
windows 302, 304, 306, 308, 310, and 312. Status window 302 has field 314 showing the
number of GPS satellites being used, field 316 showing the number of GLONASS satellites
being used, field 318 showing whether the solution is a RTK Fixed or RTK Float solution,
field 320 showing the RMS of the position determined by the RTK engine, field 322 showing
the time in seconds since the RTK engine was last reset, and field 324 showing the weight of

the position from the RTK engine in determining the final position.
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[0039] Fig. 3B again depicts user interface screen 300 of the GNSS device with the same
six RTK engines running. However, now the solutions determined by each RTK engine have
decreased in accuracy due to a change in the ability of the GNSS signals to reach the GNSS
device, e.g., an obstacle interposed between the GNSS receiver and one or more satellites. In
this case, the RTK engine represented by status window 312 is producing an RTK Float

solution and is not being used at all for the final solution.

[0040] While the invention has been described in terms of a particular exemplary process
and illustrative figures, those of ordinary skill in the art will recognize that the invention is not
limited to the process or figures described. Those skilled in the art will recognize that the
operations of the exemplary process may be implemented using hardware, software,
firmware, or combinations thereof, as appropriate. For example, some processes can be
carried out using processors or other digital circuitry under the control of software, firmware,
or hard-wired logic. (The term "logic" herein refers to fixed hardware, programmable logic
and/or an appropriate combination thereof, as would be recognized by one skilled in the art to
carry out the recited functions.) Software and firmware can be stored on computer-readable
media. Some other processes can be implemented using analog circuitry, as is well known to
one of ordinary skill in the art. Additionally, memory or other storage, as well as

communication components, may be employed in embodiments of the invention.

[0041] Fig. 4 illustrates a typical computing system 400 that may be employed to
implement processing functionality in exemplary process of the invention. Computing
systems of this type may be used to implement the rover processing logic and the base
processing logic, for example. Those skilled in the relevant art will also recognize how to
implement the invention using other computer systems or architectures. Computing system
400 may represent, for example, a desktop, laptop or notebook computer, hand-held
computing device (PDA, cell phone, palmtop, etc.), mainframe, server, client, or any other
type of special or general purpose computing device as may be desirable or appropriate for a
given application or environment. Computing system 400 can include one or more processors,
such as a processor 404. Processor 404 can be implemented using a general or special purpose
processing engine such as, for example, a microprocessor, microcontroller or other control
logic. In this example, processor 404 is connected to a bus 402 or other communication

medium.
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[0042] Computing system 400 may also include a main memory 408, such as random
access memory (RAM) or other dynamic memory, for storing information and instructions to
be executed by processor 404. Main memory 408 also may be used for storing temporary
variables or other intermediate information during execution of instructions to be executed by
processor 404. Computing system 400 may likewise include a read only memory ("ROM") or
other static storage device coupled to bus 402 for storing static information and instructions

for processor 404.

[0043] The computing system 400 may also include information storage system 410, which
may include, for example, a media drive 412 and a removable storage interface 420. The
media drive 412 may include a drive or other mechanism to support fixed or removable
storage media, such as a hard disk drive, a floppy disk drive, a magnetic tape drive, an optical
disk drive, a CD or DVD drive (R or RW), or other removable or fixed media drive. Storage
media 418, may include, for example, a hard disk, floppy disk, magnetic tape, optical disk,
CD or DVD, or other fixed or removable medium that is read by and written to by media
drive 414. As these examples illustrate, the storage media 418 may include a computer-

readable storage medium having stored therein particular computer software or data.

[0044] In alternative embodiments, information storage system 410 may include other
similar components for allowing computer programs or other instructions or data to be loaded
into computing system 400. Such components may include, for example, a removable storage
unit 422 and an interface 420, such as a program cartridge and cartridge interface, a
removable memory (for example, a flash memory or other removable memory module) and
memory slot, and other removable storage units 422 and interfaces 420 that allow software

and data to be transferred from the removable storage unit 418 to computing system 400.

[0045] Computing system 400 can also include a communications interface 424.
Communications interface 424 can be used to allow software and data to be transferred
between computing system 400 and external devices. Examples of communications interface
424 can include a modem, a network interface (such as an Ethernet or other NIC card), a
communications port (such as for example, a USB port), a PCMCIA slot and card, etc.
Software and data transferred via communications interface 424 are in the form of signals
which can be electronic, electromagnetic, optical or other signals capable of being received by

communications interface 424. These signals are provided to communications interface 424
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via a channel 428. This channel 428 may carry signals and may be implemented using a
wireless medium, wire or cable, fiber optics, or other communications medium. Some
examples of a channel include a phone line, a cellular phone link, an RF link, a network

interface, a local or wide area network, and other communications channels.

[0046] In this document, the terms "computer program product,”" "computer-readable
storage medium" and the like may be used generally to refer to media such as, for example,
memory 408, storage device 418, or storage unit 422. These and other forms of computer-
readable media may be involved in storing one or more instructions for use by processor 404,
to cause the processor to perform specified operations. Such instructions, generally referred
to as, e.g., "computer program code" (which may be grouped in the form of computer
programs or other groupings), when executed, enable the computing system 400 to perform
features or functions of embodiments of the present invention. Note that the code may
directly cause the processor to perform specified operations, be compiled to do so, and/or be
combined with other software, hardware, and/or firmware elements (e.g., libraries for

performing standard functions) to do so.

[0047] In an embodiment where the elements are implemented using software, the software
may be stored in a computer-readable medium and loaded into computing system 400 using,
for example, removable storage drive 414, drive 412 or communications interface 424. The
control logic (in this example, software instructions or computer program code), when
executed by the processor 404, causes the processor 404 to perform the functions of the

invention as described herein.

[0048] It will be appreciated that, for clarity purposes, the above description has described
embodiments of the invention with reference to different functional units and processors.
However, it will be apparent that any suitable distribution of functionality between different
functional units, processors or domains may be used without detracting from the invention.
For example, functionality illustrated to be performed by separate processors or controllers
may be performed by the same processor or controller. Hence, references to specific
functional units are only to be seen as references to suitable means for providing the described

functionality, rather than indicative of a strict logical or physical structure or organization.
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[0049]  Although individually listed, a plurality of means, elements or operations may be
implemented by, for example, a single unit or processor. Additionally, although individual
features may be included in different claims, these may possibly be advantageously

combined, and the inclusion in different claims does not imply that a combination of features
is not feasible and/or advantageous. Also, the inclusion of a feature in one category of claims
does not imply a limitation to this category, but rather the feature may be equally applicable to

other claim categories, as appropriate.

[0050] Morcover, it will be appreciated that various modifications and alterations may be
made by those skilled in the art without departing from the spirit and scope of the invention.
The invention is not to be limited by the foregoing illustrative details, but is to be defined

according to the claims.
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CLAIMS
What is claimed is:
1. A computer implemented method for determining a position of a global navigation

satellite system (GNSS) surveying receiver based on a plurality of RTK engines, the method

comprising:

implementing a first RTK engine of the plurality of RTK engines using a first set of

parameters;

implementing a second RTK engine of the plurality of RTK engines using a second

set of parameters different from the first set of parameters;
receiving a plurality of GNSS signals from multiple satellites;
receiving at least one correction signal from at least one base receiver;

determining a first position of the GNSS receiver from the first RTK engine based

on the plurality of GNSS signals and the at least one correction signal;

determining a second position of the GNSS surveying receiver from the second

RTK engine based on the plurality of GNSS signals and the at least one correction signal; and

determining a final position of the GNSS surveying receiver based on the first

position or the second position or a combination of both.

2. The method of claim 1, wherein the final position is a weighted average of the first

and second positions.

3. The method of claim 1, wherein the final position is also based on a first error

indication and a second error indication for the first and second positions, respectively.

4. The method of claim 1, wherein the first and second RTK engines implement the

same algorithm.
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5. The method of claim 1, wherein the first set of parameters includes a parameter

specifying a maximum number of satellites to use in determining position.

6. The method of claim 1, wherein the first set of parameters includes a fading factor.

7. The method of claim 1, wherein the first set of parameters includes a residual

ionospheric delay estimator.

8. The method of claim 1, wherein the first set of parameters includes a parameter

used to determine whether to handle a measurement as an anomalous measurement.

9. The method of claim 1, wherein an integer ambiguity validation procedure used by

the first RTK engine is based on a parameter in the first set of parameters.

10. A nontransitory computer-readable storage medium storing computer-readable
instructions for determining a position of a global navigation satellite system (GNSS)

surveying receiver based on a plurality of RTK engines, the instructions for:

implementing a first RTK engine of the plurality of RTK engines using a first set of

parameters;

implementing a second RTK engine of the plurality of RTK engines using a second

set of parameters different from the first set of parameters;
receiving a plurality of GNSS signals from multiple satellites;
receiving at least one correction signal from at least one base receiver;

determining a first position of the GNSS surveying receiver from the first RTK

engine based on the plurality of GNSS signals and the at least one correction signal;

determining a second position of the GNSS surveying receiver from the second

RTK engine based on the plurality of GNSS signals and the at least one correction signal; and
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determining a final position of the GNSS surveying receiver based on the first

position or the second position or a combination of both.

11. The computer-readable medium of claim 10, wherein the final position is a

weighted average of the first and second positions.

12. The computer-readable medium of claim 10, wherein the final position is also based
on a first error indication and a second error indication for the first and second positions,

respectively.

13. The computer-readable medium of claim 10, wherein the first and second RTK

engines implement the same algorithm.

14. The computer-readable medium of claim 10, wherein the first set of parameters
includes a parameter specifying a maximum number of satellites to use in determining

position.

15. The computer-readable medium of claim 10, wherein the first set of parameters

includes a fading factor.

16. The computer-readable medium of claim 10, wherein the first set of parameters

includes a residual ionospheric delay estimator.

17. The computer-readable medium of claim 10, wherein the first set of parameters
includes a parameter used to determine whether to handle a measurement as an anomalous

measurement.

18. The computer-readable medium of claim 10, wherein an integer ambiguity
validation procedure used by the first RTK engine is based on a parameter in the first set of

parameters.
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19. A global navigation satellite system (GNSS) surveying receiver utilizing a plurality

of RTK engines, the GNSS surveying receiver comprising:
memory comprising computer-readable instructions for:

implementing a first RTK engine of the plurality of RTK engines using a first

set of parameters;

implementing a second RTK engine of the plurality of RTK engines using a

second set of parameters different from the first set of parameters;
receiving a plurality of GNSS signals from multiple satellites;
receiving at least one correction signal from at least one base receiver;

determining a first position of the GNSS surveying receiver from the first RTK

engine based on the plurality of GNSS signals and the at least one correction signal;

determining a second position of the GNSS surveying receiver from the second

RTK engine based on the plurality of GNSS signals and the at least one correction signal; and

determining a final position of the GNSS surveying receiver based on the first

position or the second position or a combination of both; and

a processor for executing the instructions.

20. The GNSS surveying receiver of claim 19, wherein the final position is a weighted

average of the first and second positions.

21. The GNSS surveying receiver of claim 19, wherein the final position is also based
on a first error indication and a second error indication for the first and second positions,

respectively.

22. The GNSS surveying receiver of claim 19, wherein the first and second RTK

engines implement the same algorithm.
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23. The GNSS surveying receiver of claim 19, wherein the first set of parameters
includes a parameter specifying a maximum number of satellites to use in determining

position.

24, The GNSS surveying receiver of claim 19, wherein the first set of parameters

includes a fading factor.

25. The GNSS surveying receiver of claim 19, wherein the first set of parameters

includes a residual ionospheric delay estimator.

26. The GNSS surveying receiver of claim 19, wherein the first set of parameters
includes a parameter used to determine whether to handle a measurement as an anomalous

measurement.

27. The GNSS surveying receiver of claim 19, wherein an integer ambiguity validation

procedure used by the first RTK engine is based on a parameter in the first set of parameters.
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