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MULTI-CONSTELLATION GLOBAL
NAVIGATION SATELLITE SYSTEM
AUGMENTATION AND ASSISTANCE
FIELD

[0001] The present disclosure relates to global positioning
and navigation and global positioning or navigation satellite
systems, and more particularly to multi-constellation global

navigation satellite system augmentation and assistance.
BACKGROUND

[0002] Use of the US. Global Positioning System (GPS)
has become ubiquitous for determining one’s geographic

[0004]

In accordance With another embodiment, user nav

com equipment for multi-constellation augmentation and
assistance may include at least one receiver for receiving

navigation information from a ?rst global navigation satellite
system of a plurality of different global navigation satellite
systems and for receiving navigation information from at
least one other global navigation satellite system of the plu
rality of different global navigation satellite systems. The user
navcom equipment may also include a transceiver to receive
a message from an operation center. The message may

include augmentation and assistance information for use by
the navcom equipment to provide global position and navi
gation information to a user using navigation data from the at

receivers or navigation devices capable of receiving andusing
GPS signals are in use by the general public and government

least one other global navigation satellite system.
[0005] In accordance With another embodiment, a method
for multi-constellation GNSS augmentation and assistance
may include monitoring integrity and performance data from
a global navigation satellite system by a plurality of reference
stations. The method may also include transmitting the integ
rity and performance data from each of the plurality of refer

entities. Despite the Wide use of GPS, there remain a feW
drawbacks. One draWback is loW availability or loW signal

ence stations to an operation center. The integrity and perfor
mance data from each of the reference stations is integrated

reception in certain locations because of blockage by struc
tures. For example, the so-called “urban canyon” in cities
Where high rise building may block GPS signals and conse

and analyZed by the operation center. A message is generated
based on analysis of the integrated integrity and performance

location and navigation. GPS is a constellation of satellites
launched and established by the US. Government Which orbit

the earth to provide navigation andpositioning signals to GPS
receivers or navigation devices of users. Millions of GPS

quently there may not be a su?icient number of GPS satellites

data. The message may include information useable for aug
mentation and assistance by navcom equipment of a user for

available to perform navigation and timing using the GPS

providing global position and navigation information to the

receiver or navigation device. Other countries have also
launched and established constellations of satellites for glo

user using navigation data received by the navcom equipment

bal positioning and navigation or generically Global Naviga
tion Satellite System (GNSS). Examples of these foreign
oWned and operated GNSS’s may include, but is not

necessarily limited to Glonass (Global Navigation Satellite
System) operated for the Russian government by the Russian

Space Forces, Galileo operated by the European Union, and
Compass operated by the Chinese government. These foreign
GNSS satellites may signi?cantly multiply by as much as

quadrupling the number of navigation satellites useable With
GPS satellites to greatly improve availability and perfor
mance of global positioning and navigation. HoWever, use of
multi-constellation GNSS may present other concerns. For

example can positioning and navigation data from other, for
eign or secondary GNSS’s be relied upon? Are such systems
susceptible to spoo?ng Where one system may masquerade as

from the global navigation satellite system.
[0006]

In accordance With a further embodiment, a method

for multi-constellation GNSS augmentation and assistance
may include receiving navigation information from a ?rst
global navigation satellite system of a plurality of different
global satellite navigation systems. The method may also
include receiving navigation information from at least one

other global navigation satellite system of the plurality of
different global navigation satellite systems. The method may
further include receiving a message from an operation center.

The message may include augmentation and assistance infor
mation for use by navcom equipment to provide global posi
tion and navigation information to a user using navigation
data from the at least one other global navigation satellite

system. The augmentation and assistance information
received from the operation center may be derived from integ

another or the data may otherWise be inaccurate or false?
Other concerns may be time to ?rst ?x or to establish com
munication With a suf?cient number of satellites in a reason

rity and performance data collected by the operation center

able time period to determine a location and susceptibility to
jamming or other interference.

plurality of different global navigation satellite systems and

from each of a plurality of reference stations. Each reference
station may be adapted to receive navigation data from the

to monitor integrity and performance data for each different

global navigation satellite system.
SUMMARY

[0003] In accordance With an embodiment, a system for
multi-constellation GNSS augmentation and assistance may
include a plurality of reference stations. Each reference sta

tion may be adapted to receive navigation data from a plural

ity of different global navigation satellite systems and to
monitor integrity and performance data for each different
global navigation satellite system. An operation center may
receive the integrity and performance data transmitted from
each of the plurality of reference stations. The system may
also include a communication netWork for transmitting the
message from the operation center to the navcom equipment
of a user for augmentation and assistance of the navcom

equipment.

[0007] Other aspects and features of the present disclosure,
as de?ned solely by the claims, Will become apparent to those
ordinarily skilled in the art upon revieW of the folloWing
non-limited detailed description of the disclosure in conjunc

tion With the accompanying ?gures.
BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0008] The present disclosure is further described in the
detailed description Which folloWs in reference to the noted

plurality of draWings by Way of non-limiting examples of
embodiments of the present disclosure in Which like refer
ence numerals represent similar parts throughout the several
vieWs of the draWings.
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[0009] FIG. 1 is a block schematic diagram of an example
of a system for multi-constellation GNSS augmentation and
assistance in accordance with an embodiment of the present
disclosure.
[0010] FIG. 2 is a ?ow chart ofan example ofa method for
multi-constellation GNSS augmentation and assistance in
accordance with an embodiment of the present disclosure.
[0011] FIG. 3 is a block schematic diagram ofan example
of a reference station useable in a system for multi-constel

lation GNSS augmentation and assistance in accordance with
an embodiment of the present disclosure.
[0012] FIG. 4 is a ?ow chart ofan example ofa method for
monitoring integrity of a GNSS in accordance with an

embodiment of the present disclosure.
[0013] FIG. 5 is a ?ow chart ofan example ofa method for
self-survey and self-calibration of a reference station in
accordance with an embodiment of the present disclosure.
[0014] FIG. 6 is a block schematic diagram of an example
of an operation center useable in a system for multi-constel

lation GNSS augmentation and assistance in accordance with
an embodiment of the present disclosure.
[0015] FIG. 7 is a block schematic diagram of an example
of user navcom equipment useable with a system for multi
constellation GNSS augmentation and assistance in accor
dance with an embodiment of the present disclosure.

mable apparatus provide steps for implementing the func
tions/acts speci?ed in the ?owchart and/or block diagram
block or blocks.

[0020]

The present disclosure describes an exemplary sys

tem, end user navcom device or equipment and methods for

providing multi-constellation GNSS augmentation and assis
tance services. The augmentation and assistance services may

include integrity information of “foreign-owned”, other, or
secondary GNSS systems such as Glonass, Galileo and Com
pass. The augmentation and assistance services may also

provide acquisition and tracking assistance and differential
corrections. The tracking assistance may include providing
time assistance or information, frequency assistance or data,

navigation data assistance, ranging augmentation or similar
data or information. The differential corrections may include

ionosphere corrections, troposphere corrections, satellite
clock corrections, ephemeris corrections or similar data or
information. The embodiments described in this disclosure
enable the use of a foreign, other or secondary GNSS with a
certain level of con?dence in the reliability or integrity of the

navigation data and greatly enhance the availability, integrity
and performance of satellite based navigation capability for
both government and commercial/consumer markets.
[0021] As used herein Global Positioning System or GPS
may refer to the Us. owned and operated GNSS or constel

lation of global positioning satellites. Primary GNSS may
refer to a GNSS that is primarily used or normally used, such

DETAILED DESCRIPTION

as by navcom equipment of a user. Other GNSS may refer

GNSS’s owned and/ or operated by countries or entities other

[0016]

The following detailed description of embodiments

refers to the accompanying drawings, which illustrate spe
ci?c embodiments of the disclosure. Other embodiments hav

ing different structures and operations do not depart from the
scope of the present disclosure.
[0017] Aspects of the present disclosure are described
below with reference to ?owchart illustrations and/or block

diagrams of methods, apparatus (systems) and computer pro
gram products according to embodiments of the disclosure. It
will be understood that each block of the ?owchart illustra
tions and/or block diagrams, and combinations of blocks in
the ?owchart illustrations and/or block diagrams, can be
implemented by computer program instructions. These com
puter program instructions may be provided to a processor of
a general purpose computer, special purpose computer, or

other programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
processor of the computer or other programmable data pro
cessing apparatus, create means for implementing the func

tions/acts speci?ed in the ?owchart and/or block diagram
block or blocks.

[0018]

These computer program instructions may also be

stored in a computer-readable memory that can direct a com

than the Us. or to GNSS’s other than the GPS GNSS. Sec
ondary GNSS may refer to a GNSS that is not primarily used
or normally used, such as by navcom equipment of a user.
Global Navigation Satellite system or systems or GNSS or
GNSS’s may refer to any of the above.

[0022] FIG. 1 is a block schematic diagram of an example
of a system 100 for multi-constellation GNSS augmentation
and assistance in accordance with an embodiment of the
present disclosure. The system 100 may include a plurality of
reference stations 102. Each reference station 102 may be
located at a predetermined different geographic location on

the earth. This predetermined geographic location is a rough
geographic location. As described in more detail herein, each
reference station 102 will also have or store precise knowl

edge or data of the reference stations geographic location.
The precise geographic location may be the result of self
survey or self-calibration as described herein.

[0023] Each reference station 102 may be adapted to
receive navigation data from a plurality of different global
navigation satellite systems or GNSS’s 104, 106, and 108 or
multi-constellations of GNSS satellites. Each reference sta
tion 102 may also monitor integrity and performance data for
each different GNSS 104, 106 and 108, as well as any other

puter or other programmable data processing apparatus to

data, information or parameters helpful in providing the aug

function in a particular manner, such that the instructions
stored in the computer-readable memory produce an article of

mentation and assistance services described herein. As pre
viously discussed, each GNSS 104, 106 and 108 may be a

manufacture including instruction means which implement
the function/act speci?ed in the ?owchart and/or block dia
gram block or blocks.

[0019]

The computer program instructions may also be

loaded onto a computer or other programmable data process
ing apparatus to cause a series of operational steps to be

constellation of satellites owned and operated by different
entities or countries which orbit the earth to provide global
position and navigation data or information to GNSS receiv
ers, navigation devices, end user combination navigation and
communications (navcom) equipment or the like. As used
herein, user navcom equipment may refer to any such GNSS

performed on the computer or other programmable apparatus
to produce a computer implemented process such that the

receiver, navigation device, end user equipment or similar
device capable of receiving navigation and position data or

instructions which execute on the computer or other pro gram

information from a GNSS.
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[0024] An example of a reference station Will be described
in more detail With reference to FIG. 3. Brie?y, the reference

prising augmentation and assistance information to the user

station 102 may include a receiver 110 or receivers for receiv

navcom equipment 122 via the netWork 120 or via another

ing GPS and other GNSS signals including navigation and
global position data or information. As used herein, naviga

secure netWork.

126 or another transceiver may transmit the message com

tion data or information may also mean or include global

[0030] The operation center 118 may also include a proces
sor 128 to control overall operation of the operation center

position data or information. The receiver 110 may also
receive other information or data for verifying the integrity or

118. The processor 128 may also integrate and analyZe the
integrity and performance data and generate the message for

reliability of the navigation data and evaluating the perfor

the user navcom equipment 122 based on the analysis of the

mance of the GNSS.
[0025] The reference station 102 may also include a com

integrated integrity and performance data.

munications transceiver 112 for sending and receiving infor
mation, such as integrity and performance information. The
communications transceiver 112 may send integrity and per

memory 130 for storing databases including data associated

formance data to an operation center 118 via a netWork 120.
The netWork 120 may be a secure netWork using suitable

security measures, such as encryption or other techniques, to
prevent interference or tampering With the data being sent.
The netWork 120 may be space based using communications
satellites (not shoWn in FIG. 1 for purposes of clarity), a
cellular communications netWork, the Internet or private
Web-based netWork, or other communications netWork, or
any combination of these.
[0026] The reference station 102 may also include a pro

cessor 114 for controlling overall operation of the reference
station 102. As described in more detail herein, the processor
114 may also be used by the reference station 102 to perform
integrity checks or veri?cation and to monitor integrity and

performance for each different GNSS 104, 106, and 108.
[0027] The reference station 102 may also include a
memory 116 for storing databases including data or informa
tion related to the integrity and performance for each GNSS
104, 106 and 108 as Well as otherparameters and information.

[0031]

The operation center 118 may further include a

With the reference stations 102 and data associated With all

GPS, primary and other or secondary GNSS satellites, and
data related to analysis of the integrity and performance data.
[0032] An example of user equipment 122 Will be
described in more detail With reference to FIG. 6. Brie?y, the
user equipment 122 may include a receiver 132 or receivers to

receive navigation data and other information from GPS or
primary GNSS satellites and other or secondary GNSS satel
lites. The user equipment 122 may also include a communi
cation transceiver or transceivers 134 for receiving the mes

sages from the operation center 118 and for other data, voice
and/or video communications.
[0033] The user equipment 122 may additionally include a
processor 136 for overall control and operation of the user
equipment 136. The processor 136 may also be adapted to
perform multi-level integrity veri?cations, tests or checks as
described herein as Well as other operations related to provid

ing the user accurate global position and navigation informa

As previously discussed, the system 100 may also

tion.
[0034] The user equipment 122 may also include a memory
138 for storing data and databases for proper operation of the
user equipment 122 and to provide augmentation and assis

include an operation center 118 to receive the integrity and

tance to the user for highly precise global positioning and

[0028]

performance data transmitted from each of the plurality of

navigation.

reference stations 102 via the netWork 120. As described in
more detail herein, the operation center 118 is adapted to

[0035] FIG. 2 is a ?oW chart ofan example ofa method 200
for multi-constellation GNSS augmentation and assistance in

integrate and analyZe the integrity and performance data from

accordance With an embodiment of the present disclosure.

each of the reference stations 102 and to generate and send a
message or messages based on the analysis of the integrated

integrity and performance data to navcom equipment 122 of

The method 200 may be embodied in and performed by the
system 100 and system components of the system 100 previ
ously described. The operations or functions in FIG. 2 may be

a user. The message may include information useable for

performed by multiple different components of a system,

augmentation and assistance by the navcom equipment 122

such as system 100. Accordingly, the ?oW chart in FIG. 2 is

for providing global position and navigation information to

divided into columns 202 With each column being labeled by

the user using navigation data received by the navcom equip

the name of a component that may perform the operations or

ment 122 from at least one of the global navigation satellite
systems 104, 106 and 108, such as from one of the other or
secondary GNSS’s. The system 100 may include a plurality
of operation centers 118. The operation centers 118 may be

functions in the particular column.
[0036] In block 204, a navigation signal may be broadcast
in space by a GNSS satellite 206. The GNSS satellite may a
Us. or GPS or primary satellite or another or secondary

geographically dispersed similar to the reference stations 102
and may be located at selected geographic locations relative

GNSS satellite.

to groups of reference stations 102 for more e?icient and

by a reference station 210. The operations or functions

reliable operation and communications betWeen different
components of the system 100.
[0029] An example of an operation center 118 Will be

described beloW as being performed by the reference station
210 Will apply for each of the plurality of reference stations in
the system. In block 212, the reference station 210 may col

[0037]

In block 208, the navigation signal may be received

described in more detail With reference to FIG. 5. Brie?y

lect navigation data from multiple GNSS satellites over a

hoWever, the exemplary operation center 118 as illustrated in

predetermined period of time. In block 214, local differential

FIG. 1 may include a receiver 124 or receivers for receiving

126 for receiving the integrity and performance data from the

corrections may be determined or generated by the reference
station 210. The local differential corrections may be gener
ated using the navigation data collected in block 212 and
using the knoWn geographic location of the reference station
210 and the fact the reference station is stationary. The integ

reference stations 102 via the netWork 120. The transceiver

rity of a GNSS satellite signal, such as from another or sec

signals including navigation data and other information from
GPS, primary satellites and other or secondary GNSS satel
lites. The operation center 118 may also include a transceiver
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ondary GNSS not normally used or operated or owned by
another entity, may be considered to be suspicious if the
reference stations 21 0 which are stationary and the location of

may be employed to provide a secure network. For example,
the message 236 may be encrypted or other security tech

the reference stations 210 which are known precisely to be a

[0043] In block 240, the message 236 or messages may be
received by the user equipment 238. In block 242, the user

given vector, is violated by exceeding a prede?ned threshold
of tolerance when the information provided by satellite sig
nals is used.

[0038]

In block 216, the reference station 210 may perform

a local integrity veri?cation, test or check to verify the verac

ity or reliability of the navigation signals or data received
from the GNSS 206. An example of a method for performing
integrity veri?cation will be described in more detail with

reference to FIG. 4. In block 218, the integrity and perfor
mance data may be sent to the operation center 220. The data
or message 222 may be sent via a communications network

niques may be exercised.

equipment 242 may also receive GPS signals including navi
gation data or signals from a primary GNSS that is primarily
or normally used by the user equipment 238. In block 244, the
user equipment 238 may receive GNSS signals from another
or secondary GNSS 206. The GNSS signals from the other or
secondary GNSS 206 may be used by the user equipment 238

under predetermined conditions. Examples of such predeter
mined conditions may include to improve performance in an
environment where navigation data from one GNSS is
impaired and requires use of navigation data from at least one

other GNSS, for navigation and position determination in

224 similar to that previously described. The data or message
222 may be send using suitable security measures, such as
encryption to provide a secure network or the network may be
secured by other means to prevent tampering or interference
with the data or message 222.

urban canyons, or other situations or environments where

[0039] In block 226, the operation center 220 may collect
the data from each of the plurality of reference stations 210. In
block 228, the operation center may combine the collected

information included in the message 236 or messages may be

integrity information and may perform further global integ
rity veri?cation or check using the integrated data from all of
the reference stations 210. An example of global integrity
veri?cation or monitoring may be to use a system of equations
that model the fact that the reference station locations are

known to be given values and the reference station velocities
are Zero. All the measurements from all sources or reference

stations 210 may be used to perform “parity” checks for

detecting and isolating anomalous measurements using least
square parity space. An advantage of performing global
detection of any integrity issues is that the best solution can be
arrived at with all the information available.

[0040] In block 230, the operation center 220 may generate
differential global corrections. Generating the differential
global corrections may be similar to that described with
respect to block 214 for the reference station 210 and may
involve integrating the local differential corrections from the
reference stations 210.
[0041] In block 232, the operation center 220 may generate
a message or messages including augmentation and assis

augmentation and assistance may be of bene?t.
[0044] In block 246, the navigation data may be screened
using the integrity information received in the message 236
from the operation center 220. In block 248, any assistance

applied to assist the user equipment 238 in providing global
location and navigation information to the user.

[0045]

In block 250, any differential corrections may be

applied to the navigation data based on the information con
tained in the message 236 or messages from the operation
center 220. In block 252, a navigation solution or global

position may be determined. Computing a navigation solu
tion may involve using measurements such as pseudo range
and carrier-phase measurements from several different GNSS

systems using known techniques.
[0046]

FIG. 3 is a block schematic diagram of an example

of a reference station 300 useable in a system for multi
constellation GNSS augmentation and assistance in accor
dance with an embodiment of the present disclosure. The
reference station 300 may be used for the reference stations

102 in FIG. 1. The operations for the reference station 210 in
FIG. 2 may be embodied in and performed by the reference
station 300. The reference station 300 may include one or
more receivers 302 to receive navigation data from each of a

plurality of different GNSS’s. For example, the reference
station 300 may include a GPS receiver or primary receiver

for receiving navigation and global position data from the

tance information for end user navcom equipment based on

Us. GPS constellation of satellites or a primary GNSS. The

the global integrity veri?cation in block 228, and the differ
ential global corrections inblock 230 and other analysis in the
operation center 220. The augmentation and assistance infor
mation may include integrity information, assistance infor
mation, and differential correction information. The integrity

reference station 300 may also include one or more other or

information may include an integrity indicator or indication

secondary GNSS receivers for receiving navigation and glo
bal position signals from other or secondary GNSS’s, such as
the Russian Glonass, European Galileo, or Chinese Compass
GNSS’s.
[0047] The reference station 300 may also include a pro

for each GNSS, noti?cations or warnings regarding certain

cessor 304 for processing the navigation data received by the

GNSS’s or other integrity related information or data. The
assistance information may include information related to

one or more receivers 302 from the plurality of different
GNSS’s. The processor 304 may include a module 306 for

accessing the different GNSS’s, preferences for which

processing GPS signals or primary GNSS signals and navi

GNSS’s to use, time to ?rst ?x, etc. The differential correc

gation data received from GPS or primary satellites and a

tions may include information for settings or adjustments to

module 308 for processing signals and navigation data from

the user navcom equipment for proper use of the navigation
data received from a particular GNSS.
[0042] In block 234, the message 236 or messages may be

other or secondary GNSS satellites.

[0048] The processor 304 may be adapted or programmed
to monitor the integrity and performance data of each differ

broadcast to the user navcom equipment 238 via a commu

ent GNSS and to generate a differential correction for each.

nications network 239. The communications network 239

The integrity data, performance data, differential correction

may be the same as communications network 224 or a differ

data as well as other information that may be used for pro

ent communications network. Suitable security measures

viding augmentation and assistance service as described

Jul. 28, 2011

US 2011/0181465 A1

herein may be stored in a memory 310. The memory 310 may

maintain and store databases containing the different data and

normal operation mode of the reference station 300 in FIG. 3.
In block 402, navigation data may be received from another or

information useable for augmentation and assistance by end

secondary GNSS. In block 404, clock estimates (or GPS

user equipment.
[0049] The reference station 300 may also include a com
munications transceiver 312 to transmit the integrity and per
formance data, the differential correction data, as Well as
other information that may be useful for providing the aug
mentation and assistance services described herein to an
operation center, such as operation center 118 in FIG. 1 and
operation center 220 in FIG. 2. The processor 304 may be

clock estimates if from a GPS satellite) may be determined

adapted to encrypt the integrity and performance data, the
differential correction data and other information for secure
transmission over a communications netWork, such as net

from GPS signals from GPS satellites or signals from primary
satellites Which are available or from Which the reference

station can receive GPS or primary signals.
[0054] In block 406, a pseudo range of the GNSS satellite
or satellites Within range of the reference station or currently

being used for augmentation and assistance may be predicted
using the navigation data received from the secondary GNSS,
the clock estimates (or GPS clock estimates if from GPS
satellites), and the knoWn location of the reference station.
[0055] In block 408, a pseudo range of the GNSS available

Work 120 in FIG. 1.

satellite or satellites or the GNSS satellites currently in vieW

[0050] The reference station 300 may be further adapted to
selectively operate in one of a plurality of modes. For
example, the modes may include but are not necessarily lim

of the reference station and being used for providing augmen

ited to a self-survey and self-calibration mode, a reference

station/operation center (RS/OC) collaborated survey and
calibration mode, and a normal operation mode. The proces
sor 304 may include modules 314-318 operable on the pro
cessor 304 for performing each of the different modes of
operation that may be selected. For example, a module 314
for the normal operation mode may be operable on the pro
cessor 304. A module 316 may be operable on the processor

304 for the RS/OC collaborated survey/calibration mode, and
a module 3 18 for the self- survey/ self calibration mode may be
operable on the processor 304. The reference station 300

operating in the normal mode is adapted to perform continu
ous integrity monitoring of each GNSS or continuous moni
toring of the particular other or secondary GNSS that is cur

tation and assistance services may be measured.

[0056]

In block 410, the predicted pseudo range may be

compared to the measured pseudo range to determine if there
is any difference betWeen the predicted and measured the
pseudo ranges. In block 412, a determination may be made
Whether the difference betWeen the predicted and measured
pseudo ranges exceeds a predetermined threshold value. If
the difference exceeds the predetermined threshold value, the
method 400 may advance to block 414. In block 414, an

indication may be generated and/ or presented indicating that
the integrity veri?cation, test or check failed. The navigation
data from the other or secondary GNSS may not be reliable

for use in providing augmentation and assistance services.
[0057] If the difference betWeen the predicted and mea
sured pseudo ranges does not exceed the predetermined value

rently being used for augmentation and assistance. An

in block 412, the method 400 may advance to block 416. In
block 416, an indication may be generated and/ or presented

example of a method for monitoring integrity that may be
used in the reference station 300 for continuous integrity
monitoring Will be described in more detail With reference to

indicating that the integrity veri?cation, test or check passed
and the navigation data from the other or secondary GNSS is
reliable for use in providing augmentation and assistance

FIG. 4.

measurement data from another reference station Which Was

services.
[0058] FIG. 5 is a How chart ofan example ofa method 500
for self-survey and self-calibration of a reference station in
accordance With an embodiment of the present disclosure.
The method 500 may be embodied in and/ or performed by the
module 318 and FIG. 3. In block 502, GPS or primary signals
may be received from GPS or primary satellites Within vieW
or available to the reference station. In block 504, secondary
GNSS signals may be received from other or secondary

previously surveyed and the pseudo range and carrier-phase

GNSS satellites Within vieW or available to the reference

measurement data from the current reference station operat
ing in the RS/OC collaborated survey and calibration mode to
determine a location of the current reference station operating
in this mode.

station.
[0059] In block 506, a receiver autonomous integrity moni

[0051] The reference station 300 operating in the RS/OC
collaborated survey and calibration mode as represented by
module 316 may be adapted to provide pseudo range and
carrier-phase measurement data of each secondary GNSS or
the GNSS currently being used for augmentation and assis
tance. As described in more detail With reference to FIG. 6,

the operation center may use pseudo range and carrier-phase

[0052] The reference station 300 operating in the self-sur
vey and self-calibration mode as represented by module 318
may perform a receiver autonomous integrity monitoring

(RAIM) operation or algorithm. In the self-survey and self
calibration mode, the reference station 300 may also perform
veri?cation of the integrity of the navigation data and any
other information from the other or secondary GNSS, and
may determine a site location of the reference station 300. An

example of a method for self-survey and self-calibration Will
be described in more detail With reference to FIG. 5.

[0053] FIG. 4 is a How chart ofan example ofa method 400
for monitoring integrity of a GNSS in accordance With an
embodiment of the present disclosure. The method 400 may
be embodied in and/ or performed by the module 314 for the

toring (RAIM) process or algorithm may be performed using
the GPS and GNSS received signals or the primary GNSS and

secondary GNSS received signals. The self-survey and self
calibration mode may be performable using only GPS navi
gation data or primary navigation data When P/Y-code and/or
M-code GPS signals are receivable by the reference station.
[0060] RAIM detects faults With redundant GPS or GNSS
pseudo range measurements. That is, When more satellites are

available than needed to produce a position ?x, the extra
pseudo ranges should all be consistent With the computed
position. A pseudo range that differs signi?cantly from the
expected value (i.e., an outlier) may indicate a fault of the
associated satellite or another signal integrity problem (e.g.,
ionospheric dispersion, etc.). Traditional RAIM uses fault
detection (FD) only, hoWever neWer GPS receivers incorpo
rate fault detection and exclusion (FDE) Which enables them
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to continue to operate in the presence of a GPS failure. The
test statistic used is a function of the pseudo range measure

ment residual (the difference betWeen the expected measure
ment and the observed measurement) and the amount of
redundancy. The test statistic is compared With a threshold
value, Which is determined based on the requirements for the

probability of a false alarm (Pfa) and the probability of missed

detection (Pmd).
[0061] In block 508, the integrity of the navigation data
may be con?rmed based on a geographic location of the

[0067] The processor 606 may also include a module 614 to
assist the reference stations in the RS/OC collaborated survey
and calibration of each reference station. In conjunction With

this, the operation center 600 may receive navigation data
from a neWly deployed reference station. The operation cen
ter 600 may combine the navigation data from the neWly
deployed reference station With measured navigation data
from a previously surveyed and calibrated reference station
using a differential GPS technique or similar technique. An
example of a differential GPS technique may include using a
double differenced pseudo range measurement and a double

reference station being knoWn and the fact that the reference
station is not moving or stationary.
[0062] In block 510, a geographic location of the reference
station may be determined using the GPS navigation data or
primary navigation data collected over a predetermined time

memory 616. The memory 616 may store one or more data

period and using a GPS-based positioning technique. GPS
based positioning techniques are known, for example a
simple least square approach can be used that determines the
reference station location, the receiver clock bias, and clock

bases. One database 618 may store data including but not
necessarily limited to an identi?cation of each reference sta
tion, a location of each reference station, calibration status
and accuracy of each reference station, a differential correc

rate error by measurements received over a period of time.

tion parameter for each reference station. Another database

[0063] In block 512, and expected accuracy of the naviga
tion signals being received may be determined. For example,

primary constellation of satellites. Additional databases 622

differenced carrier-phase measurement for calibrating the

neWly deployed reference station.
[0068]

The operation center 600 may further include a

620 may store data or information associated With the GPS or

624 may store data associated With other or secondary GNSS
satellite constellations.
[0069] FIG. 7 is a block schematic diagram of an example

the expected accuracy may be determined using a covariance
matrix of errors associated With the received navigation sig
nals. The covariance matrix characterizes the “variance” and
“correlation” of the errors. The diagonal element of the

of user navcom equipment 700 or a user navcom device

matrix is the variances of each of the errors in the vector. The
larger the variances, the more likely the error may vary Which
consequently means larger errors. As more measurements are
received over time, knowledge of the errors becomes better

useable With a system for multi-constellation GNSS augmen
tation and assistance in accordance With an embodiment of
the present disclosure. The user navcom equipment 700 may
be mobile and may be a combination of GPS receiver or

and consequently the variances Will become smaller. The

primary GNSS receiver, secondary GNSS receiver and com

expected accuracy of the navigation signals being received

munication device for communication With an operation cen
ter as described herein, and data, voice and video communi
cations With other communications devices or equipment.
The user navcom equipment 700 may be used for the mobile
user equipment 122 for use With the system 100 in FIG. 1. The
functions and operations described With respect to the user
equipment 238 in FIG. 2 may be embodied in or performed by

and the location of the reference station may be continuously

updated in the self-survey and self-calibration mode to permit
sWitching to the normal operation mode When the variance of
the errors becomes suf?ciently small.
[0064] FIG. 6 is a block schematic diagram of an example
of an operation center 600 useable in a system for multi
constellation GNSS augmentation and assistance in accor
dance With an embodiment of the present disclosure. The
operation center 600 may be used for the operation center 118
in FIG. 1 and the operations or functions of the operation
center 220 in FIG. 2 may be embodied in or performed by the
operation center 600. The operation center 600 may include a
receiver 602 or receivers for receiving GNSS signals Which
may include GPS signals or signals from a primary GNSS and
signals from other or secondary GNSS’s. The operation cen

receive a message or messages from an operation center.

ter 600 may also include a communications transceiver 604 or

Information in the message from the operation center is use

the user navcom equipment 700.

[0070] The navcom equipment 700 is adapted to use navi
gation data from a plurality of different GNSS’s to improve
performance in an environment Where navigation data from
one GNSS may be impaired or for some other reason use of

navigation data from at least one other global navigation
system may be required or bene?cial. Similar to that previ
ously described, the navcom equipment 700 is also adapted to

transceivers for sending and receiving signals and/ or mes

able by the navcom device 700 to verify the integrity and

sages from the reference stations and user navcom equipment
as described herein.

performance of the at least one other GNSS.
[0071] The user navcom equipment 700 may include a

[0065] The operation center 600 may also include a proces
sor 606. The processor 606 may control the overall function

receiver and antenna 702 for receiving navigation informa
tion and other data from a ?rst global navigation satellite

and operation of the operation center 600. The processor 606

system of a plurality of different global navigation satellite
systems. The ?rst global navigation satellite system may be

may include a module 608 to process GPS signals and data or

signals and data from a primary GNSS. The processor 606
may also include a module 610 or modules to process other or

secondary GNSS signals and data.
[0066]

The processor 606 may also include a module 612 or

means to consolidate integrity information from the plurality

of reference stations. Analysis may be performed by the
operation center on the integrity information to determine any
patterns, trends or other statistical information that may be

helpful in providing augmentation and assistance services.

the GPS satellite system or a primary GNSS.
[0072] The user navcom equipment 700 may also include
one or more additional receivers 704 for receiving navigation
information and other data from at least one other GNSS or

secondary GNSS of a plurality of different GNSS’s. For
example, the user navcom equipment 700 may include receiv
ers and associated antennas for receiving signals and data

from the Russian Glonass constellation of navigation satel

lites, the European Galileo GNSS, the Chinese Compass

Jul. 28, 2011

US 2011/0181465 A1

GNSS, and any other GNSS’s. In another embodiment, the

hoW much variation the “residual” can have. If the actually

user navcom equipment 700 may include a single receiver

residual value is signi?cantly beyond the expected range of

and associated antenna adapted to receive signals and data
from the plurality of different GNSS’s.

the variation, then the measurements are suspected to have
been corrupted, and this may lead to a detection or integrity

[0073]

problem.

The user navcom equipment 700 may also include a

communications transceiver 708 to receive a message or mes

sages from an operation center similar to that previously
described. The message may include augmentation and assis
tance information for use by the user navcom equipment 700

to provide global position and navigation information to the
user using navigation data from at least one other GNSS or

secondary GNSS. The transceiver 708 may also be used for

[0078] Although speci?c embodiments have been illus
trated and described herein, those of ordinary skill in the art
appreciate that any arrangement Which is calculated to
achieve the same purpose may be substituted for the speci?c
embodiments shoWn and that the embodiments herein have
other applications in other environments. This application is

other data, voice or video communications or the user navcom
equipment may include one or more other transceivers of

intended to cover any adaptations or variations of the present
disclosure. The folloWing claims are in no Way intended to

such communications.

limit the scope of the disclosure to the speci?c embodiments
described herein.

[0074] As previously described, the augmentation and
assistance information received by the user navcom equip
ment 700 from the operation center may be derived from

integrity and performance data collected by the operation
center from each of the plurality of reference stations. Each
reference station may be adapted to receive navigation data
from the plurality of different GNSS’s and to monitor integ
rity and performance data for each different GNSS or second

[0079] The ?oWcharts and block diagrams in the Figures
illustrate the architecture, functionality, and operation of pos
sible implementations of systems, methods and computer
program products according to various embodiments of the
present disclosure. In this regard, each block in the ?owchart
or block diagrams may represent a module, segment, or por
tion of code, Which comprises one or more executable

ary GNSS.
[0075] The user navcom equipment 700 may also include a

instructions for implementing the speci?ed logical function

memory 710 for storing databases containing data related to
the integrity and performance and other information for use in
augmentation and assistance, including but not limited to

mentations, the functions noted in the block may occur out of

acquisition and tracking assistance of navigation satellites,
differential corrections for the different GNSS’s and associ
ated satellites and other data.
[0076] The user navcom equipment 700 may also include a
processor 712. The processor 712 may control overall opera
tion of the user navcom equipment 700. For example, the
processor 712 may include a module 714 operable on the
processor 712 to process GPS signals and data or signals and
data from a primary GNSS, and a module 716 operable on the
processor 712 to process other or secondary GNSS signals
and data.
[0077] The user navcom equipment 700 may also include a
module 718 operable on the processor 712 for performing a

multi-level integrity veri?cation, test, or check With regard to
the navigation data from each of the GNSS’s or the GNSS

(s). It should also be noted that, in some alternative imple
the order noted in the ?gures. For example, tWo blocks shoWn
in succession may, in fact, be executed substantially concur
rently, or the blocks may sometimes be executed in the reverse
order, depending upon the functionality involved. It Will also
be noted that each block of the block diagrams and/ or How
chart illustration, and combinations of blocks in the block
diagrams and/or ?owchart illustration, can be implemented

by special purpose hardWare-based systems Which perform
the speci?ed functions or acts, or combinations of special
purpose hardWare and computer instructions.

[0080] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the disclosure. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as Well, unless the context clearly indicates otherWise.
It Will be further understood that the terms “comprises” and/

currently being used for augmentation and assistance. The

or “comprising,” When used in this speci?cation, specify the

multi-level integrity veri?cation may include a ?rst level
integrity veri?cation 720 that may involve determining a ?rst
integrity indication from the message or messages from the

presence of stated features, integers, steps, operations, ele

operation center related to integrity and performance of the
GNSS’s. A second level integrity veri?cation 722 may
include determining a second integrity indication using a
RAIM process or algorithm. A third level integrity veri?ca
tion 724 may include determining a third integrity indication

using multi-sensor integration. An example of using multi
sensor integration may include using Kalman Filter Residuals
or similar techniques. Kalman Filtering is a technique that
may be used to combine (or fuse) measurements from mul
tiple sources (such as multiple sensors). In a Kalman Filter,

ments, and/ or components, but do not preclude the presence
or addition of one or more other features, integers, steps,

operations, elements, components, and/or groups thereof.
[0081] The corresponding structures, materials, acts, and
equivalents of all means or step plus function elements in the
claims beloW are intended to include any structure, material,
or act for performing the function in combination With other
claimed elements as speci?cally claimed. The description of
the present disclosure has been presented for purposes of
illustration and description, but is not intended to exhaustive
or limited to the disclosure in the form disclosed. Many modi
?cations and variations Will be apparent to those of ordinary
skill in the art Without departing from the scope and spirit of
the disclosure. The embodiment Was chosen and described in
order to best explain the principles of the disclosure and the

the measurements or information from the multiple sources is
used to predict What the neW measurements Will be. The
actual neW measurements are then compared to the predicted
measurements. The difference betWeen measured and pre
dicted measurements is knoWn as the “Kalman Filter

the art to understand the disclosure for various embodiments

Residual” (also knoWn as the “innovation”). In addition,

With various modi?cations as are suited to the particular use

based on “covariance information”, there is an expectation of

contemplated.

practical application, and to enable other of ordinary skill in
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1. A system for multi-constellation GNSS augmentation

and assistance, comprising:
a plurality of reference stations, each reference station

being adapted to receive navigation data from a plurality
of different global navigation satellite systems and to
monitor integrity and performance data for each differ
ent global navigation satellite system;
an operation center to receive the integrity and perfor
mance data transmitted from each of the plurality of

reference stations; and
a communication network for transmitting a message from
the operation center to navcom equipment of a user for

augmentation and assistance of the navcom equipment,
wherein the communications network comprises a
secure network to prevent interference and tampering
with the message being transmitted and wherein the

message comprises augmentation and assistance infor
mation, the augmentation and assistance information
comprising an integrity indication for each of the plu

rality of different global navigation satellite systems,
information for accessing the different global navigation
satellite systems and preferences for which of the differ
ent global navigation satellite systems to use.
2. The system of claim 1, wherein the operation center is

adapted to integrate and analyZe the integrity and perfor

determine a location of the reference station using naviga
tion data collected over a predetermined time period;
and

determining an expected accuracy of the navigation signals
being received, wherein the location of the reference
station and the expected accuracy of the navigation sig
nals being received are continuously updated in the self
survey and self-calibration mode to permit switching to
the normal operation mode.
7. The system of claim 5, wherein the reference station
operating in the RS/OC collaborated survey and calibration
mode is adapted to provide pseudo range and carrier-phase
measurement data of the global navigation satellite systems to
the operation center, the operation center using pseudo range
and carrier-phase measurement data from another reference
station which was previously surveyed and the pseudo range
and carrier-phase measurement data from the reference sta
tion operating in the RS/OC collaborated survey and calibra
tion mode to determine a location of the reference station.

8. The system of claim 5, wherein the reference station
operating in the normal mode is adapted to perform continu
ous integrity monitoring of the global navigation satellite

system being used, wherein continuously monitoring the

integrity comprises:

mance data from each of the reference stations and to generate

predicting a pseudo range of the global navigation satellite

and send the message based on the analysis of the integrated
integrity and performance data to the navcom equipment of
the user, the message comprising information useable for

system currently being used, wherein the pseudo range
is predicted using navigation data from the global navi
gation satellite system currently being used, a known

augmentation and assistance by the navcom equipment for

providing global position and navigation information to the
user using navigation data received by the navcom equipment
from at least one of the global navigation satellite systems.
3. The system of claim 2, wherein the navcom equipment is
adapted to use navigation data from the plurality of different

global navigation satellite systems to improve performance in
an environment where navigation data from one global navi

gation satellite system is impaired and requires use of navi
gation data from at least one other global navigation system,
and wherein the information in the message from the opera

tion center is useable to verify the integrity and performance
of the at least one other global navigation system.
4. The system of claim 3, wherein the reference station

comprises:
one or more receivers to receive the navigation data from

each of the plurality of different global navigation sat
ellite systems;
a processor for processing the navigation data from the

plurality of different global navigation satellite systems,
to monitor the integrity and performance data of each
different global navigation satellite system and to gen
erate a differential correction; and
a communications transceiver to transmit the integrity and
performance data and the differential correction to the

operation center.
5. The system of claim 4, wherein the reference station is
adapted to selectively operate in one of a plurality of modes
comprising a self-survey and self-calibration mode, a RS/OC
collaborated survey and calibration mode, and a normal

operation mode.
6. The system of claim 5, wherein the reference station
operating in the self-survey and self-calibration mode is
adapted to:

perform receiver autonomous integrity monitoring;
con?rm the integrity of the navigation data based on a
location of the reference station being known and sta

tionary;

position of the reference station, and clock estimates
from another global navigation satellite system;
comparing the predicted pseudo range to a measured
pseudo range of the global navigation satellite system
currently being used to determine any difference; and
determining there is an integrity problem in response to the
difference exceeding a predetermined threshold value.
9. The system of claim 1, wherein the operation center

comprises:
a module to assist reference stations in a RS/OC collabo

rated survey and calibration of each reference station,
wherein the operation center:
receives navigation data from a newly deployed refer
ence station;

combines the navigation data from the newly deployed
reference station with measured navigation data from
a previously surveyed and calibrated reference station
using a differential technique, wherein the differential

technique comprises using a double differenced
pseudo range measurement and a double differenced

carrier-phase measurement; and
wherein the operation center further comprises a data
base including an identi?cation of each reference sta
tion, a location of each reference station, calibration
status and accuracy of each reference station, a differ
ential correction parameter for each reference station,
and information related to each global navigation sat

ellite system.
10. User navcom equipment for multi-constellation aug

mentation and assistance, comprising:
at least one receiver for receiving navigation information
from a ?rst global navigation satellite system of a plu

rality of different global navigation satellite systems and
for receiving navigation information from at least one

other global navigation satellite system of the plurality
of different global navigation satellite systems; and
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a transceiver to receive a message from an operation center,

the message comprising augmentation and assistance
information for use by the navcom equipment to provide
global position and navigation information to a user
using navigation data from the at least one other global

sending the message to the navcom equipment of the user
using security measures to prevent interference and tam

pering With the message being sent and Wherein the
navcom equipment is adapted to receive messages

tance information comprising an integrity indication for

including data, voice and video communications.
15. The method of claim 14, further comprising using
navigation data from another global navigation satellite sys

each of the plurality of different global navigation sat
ellite systems, information for accessing the different

navigation satellite system being used by the navcom equip

navigation satellite system, the augmentation and assis

global navigation satellite systems and preferences for
Which of the different global navigation satellite systems
to use and Wherein the transceiver is adapted to received

messages including data, voice and video communica
tions.
11. The user navcom equipment of claim 10, Wherein the
augmentation and assistance information received from the

operation center is derived from integrity and performance
data collected by the operation center from each of a plurality
of reference stations, each reference station being adapted to

receive navigation data from the plurality of different global
navigation satellite systems and to monitor integrity and per
formance data for each different global navigation satellite

system.
12. The user navcom equipment of claim 10, further com

prising a module for performing a multi-level integrity veri
?cation With regard to the navigation data from the at least one

other global navigation satellite system.
13. The user navcom equipment of claim 12, Wherein the

multi-level integrity veri?cation comprises:
a ?rst level integrity veri?cation comprising determining a
?rst integrity indication from the messages from the

operation center;
a second level integrity veri?cation comprising determined
a second integrity indication from a receiver autono

mous integrity monitoring algorithm; and
a third level integrity veri?cation comprising determining a

third integrity indication using multi-sensor integration.
14. A method for multi-constellation GNSS augmentation

and assistance, comprising:
monitoring integrity and performance data from a global
navigation satellite system by a plurality of reference

stations;
transmitting the integrity and performance data from each
of the plurality of reference stations to an operation

center;

integrating and analyZing the integrity and performance
data from each of the reference stations by the operation
center;
generating a message based on analysis of the integrated

integrity and performance data, the message comprising
information useable for augmentation and assistance by
navcom equipment of a user for providing global posi
tion and navigation information to the user using navi
gation data received by the navcom equipment from the
global navigation satellite system, the information use
able for augmentation and assistance comprising an

integrity indication for the global navigation satellite
system, information for accessing the global navigation
satellite system and a preference for use of the global

navigation satellite system relative to other global navi
gation satellite systems; and

tem by the navcom equipment of the user, the other global

ment under predetermined conditions.
16. The method of claim 14, further comprising:
generating a local differential correction by each reference

station using the navigation data received by the refer
ence station and a knoWn geographic location of the

reference station; and
determining integrity of the navigation data received from
the global navigation satellite system by each reference
station.
17. The method of claim 16, Wherein determining the
integrity of the navigation data by each reference station

comprises:
receiving the navigation data from the global navigation
satellite system;
determining clock estimates from another global naviga
tion satellite system;
predicting a pseudo range of the global navigation satellite
system using the navigation data received from the global
navigation satellite system and the clock estimates and a

known location of the reference station;
measuring a pseudo range of the global navigation satellite

system;
comparing the predicted pseudo range to the measured
pseudo range of the global navigation satellite system to
determine any difference;
presenting a indication of an integrity veri?cation failure in
response to the difference being greater than a predeter

mined threshold value; and
presenting an indication of integrity veri?cation passed in
response to the difference not exceeding the predeter
mined threshold value.

18. The method of claim 14, further comprising:
surveying and calibrating each of the reference stations,
Wherein surveying and calibrating each of the reference

stations comprises:
transmitting pseudo range and carrier-phase measurements
for the global navigation satellite system to the operation
center by a reference station being neWly deployed;
measuring pseudo range and carrier-phase measurements
from a previously surveyed and calibrated reference sta

tion proximate to the reference station being neWly
deployed to determined a geographic location of the

reference station being neWly deployed; and
combining measurements from the reference station being
neWly deployed With the measurements from the previ
ously surveyed and calibrated reference station to deter
mine a precise location of the reference station being
neWly deployed and to survey and calibrate the reference

station being neWly deployed.
19. The method of claim 18, further comprising using a
differential technique to combine the measurements of the
reference station being neWly deployed and the measure
ments of the previously surveyed and calibrated reference

station, Wherein using the differential technique comprises
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using a double differenced pseudo range measurement and a

double differenced carrier-phase measurement.
20. A method for multi-constellation GNSS augmentation

and assistance, comprising:
receiving navigation information from a ?rst global navi
gation satellite system of a plurality of different global

satellite navigation systems;
receiving navigation information from at least one other

global navigation satellite system of the plurality of
different global navigation satellite systems; and
receiving a message from an operation center, the message

comprising augmentation and assistance information
for use by navcom equipment to provide global position
and navigation information to a user using navigation
data from the at least one other global navigation satel

lite system, Wherein the augmentation and assistance
information received from the operation center is
derived from integrity and performance data collected

by the operation center from each of a plurality of ref
erence stations, each reference station being adapted to
receive navigation data from the plurality of different

global navigation satellite systems and to monitor integ
rity and performance data for each different global navi
gation satellite system, the augmentation and assistance
information comprising an integrity indication for each

of the plurality of different global navigation satellite
systems, information for accessing the different global
navigation satellite systems and preferences for Which
of the different global navigation satellite systems to
use, Wherein the message is sent by the operation center
using security measures to prevent interference and tam
pering With the message being sent and Wherein the
navcom equipment is adapted to receive messages

including data, voice and video communications.
*

*

*

*

*

