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Outline

Three on-going applications of the dual-
frequency GNSS measurements available in
real-time from hundreds of IGS permanent
receivers will be presented and supported
with new learning tools and exercises.

he corresponding synergic objectives are in
the fields of Precise Farming, Space
Weather and Real-Time Global lonospheric
Maps.
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On-going applications of RT-1GS
datastreams @ UPC-lonSAT

A) Space Weather: RT detection and estimation of the solar
EUV flux rate, during solar flares with SISTED and GSFLAI
GNSS indices. Maps of ionospheric scintillation (ROTI) and
Medium Scale Travelling lonospheric Disturbances (MSTID)
activity proxies are also produced (started under MONITOR
ESA project T see oral presentation of Alberto Garcia-Rigo in
lonospheric subsession-).

B) Precise farming: Improvement of precise RT positioning
with Wide Area RTK technigue and open-source software
user receivers for the agriculture improvement in South
Europe, where ionospheric modelling challenges, sparse
GNSS networks and less funding availability for farmers
coincide (ongoing AUDITOR H2020 EC project).

E‘i RT-GIMs: opportunities for combined IGS product
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[Motivation] Precise Agriculture (PA) presentation (EU AUDITOR experiment)

[Background]: Brief introduction to main identified points of the presentation:
a) GPS fundamentals: pseudoranges and carrier phases (optional)
b) lonospheric electron content
c) Wide Area Real-Time Kinematic
d) The International GNSS Service (optional)

[One efficient operative system] Quick introduction to Linux (optional)

[New tools for learning and research] lonSAT Tools (IT), emulating Real-
Time (RT) as much as possible (presented on the PA AUDITOR experiment):
a) gim2vtec.v2.scr
b) gimrnx2stec.v2.scr

[IT application to ECLIPSE, FLARE & GSTORM scenarios] (optional).
[Example of RT GPS-ionospheric system]: UPC-lonSAT since 2012.

[Monitoring of co-seismic generated ionospheric signals]: Application of
RT ionospheric sounding for potential Tsunami warnings), with GNSS dense:
(Tohoku and mid earthquakes, EQ) and sparse networks (Chile 2015 EQ).

[Conclusions]
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NS Exp 170613:0Overview

Presentationcontent
V Briefexperimentdescription
V RelativeduaHrequencyreaktime GP$ositioningwith
TOMION




Wes narioand Problem
AUDITOR & Scenaricand Pro

Scenario
VIn Europe(typicallyat the South)
1) The permanent(GN§Snetworks can be sparse (up to
hundredsof kilometersof distance)
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Problem
V Precisdarmingin South ofEuropewill, then, require:
1) Promptdecimetererror levelreaktime GNS$ositioning
at morethan 100 kmfrom the nearestGNSS$eferencesite
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2) Precise reatime ionospheriomodellingfrom the
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3) OpensourceGNSSourcereceiver,combiningflexibility
for new GNS&lgorithmsand affordability. ’



AUDITOR“‘%\ Exper 170613:Goal& Characteristics

Experiment
V Precisd~armingactivity. GNSS receiver (TOPCONIR)

logging datdor several hours while spraying with a tractor
which data has been kindly provided by DirkHmg WUR.
V Place: Experimental farm WageningenThe Netherlands,
with reference receiver BORJ at 190 Kan

VTime:Dayl3 June 2017 (doy 164), 06:1118913:30:59
GPS time.

Goal:
VTo analyze such recent AUDITORexperiment ac17061Z

performed in actual precise farming conditions, emulating
Wide AreaRTKprocessingn real-time.




NS Exp 170613: Tractor &ermanentnetwork
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e TheindependertDDphaseambiguities™

of two physicalcarriers

DDBw (widelane from Melbourne-Wubbenna
combination, Lw-Pn)

"( Wide AreaRTK In anutshell:

How to

promptly derive
DDB1, DDB?2
from any pair
within {DDBw,
DDBc, DDBI }?
DDBc (from < >DDBi (from ionospheric
lonospheric-free combination LI - precise
combination Lc - precise lonospheric modelling)

geometric modelling) 11




é""""'*ﬁfl\/g.f Wide AreaRTK in autshell: Howto
AUDITOR —~  improvethe DDphaseambiguity fixing

Geometry- & lonospheric- free way
(Melbourne-Wubbenna combination, Lw-Pn)

WARTK speed
up DD phase

ambiguity fixing
at >100 km far

lonospheric- free way — Geometrv- fr
- Perm. Rec. cometry-ree way
(lonospheric-free (lonospheric combination

combination Lc - precise m LI - precise ionospheric
geometric modelling) modelling)

12




é""""'*ﬁfl\/g«, Wide AreaRTK in awutshell: Basic
AUDITOR — equationson DDamb

Once VAN; is fixed, it is possible to fix the L; and Lo
double-differenced integer ambiguities N1 and N2 for the
reference stations, using a sufficiently accurate determina-
tion of the double-differenced ambiguity VA B, of the iono-
spheric free combination L. = (ff L1 — f5L2)/(fi —f3). The
following relationships illustrate these steps:

VAB, = 0.5[\s VAN; + Ay VA(N; + No)]
VAN, + No) = NI(2VABe — VAN )/A] g
VAN; = VAN; — VAN;

being A\, =c¢/(f1+ f2) ~10.7cm and NI the nearest integer.
Hence, from VAN; and VAN,, the unambiguous double-
differenced ionospheric slant total electron content, STEC,
can be computed for the reference stations:

aVASTEC = VA(Ly — L) — (M VAN — A\2VAN,)  (4)

(Extracted from Hernandez®ajares, M., Juan, J. M., Sanz, J., & Colombo, O. L. (2000). Application of
lonospheric tomography to realfime GPS carrierfphase ambiguities resolution, at scales of 4001 1000
km and with high geomagnetic activity. Geophysical Research Letters, 27(13), 2009-2012).



O T5.2- GNSS networkrefit module

AUDITOR Hybridionosphericgeodetic approach

Combination -
Increasing
qubal of multifreq. Frommodels
multifreq.
GNSS s
Network

accuracy in
single frequency

observables )\T:Z I FlectronContent

lono.Comb

Wind-up

& lono.Phase
ambiguities& IFB:

WidelanePhase ‘

amb. AndIFBs

GNS®bs Melbourne-
(global net.) WilbbenaComb

lono-free Phase
amb.

lono -free Com

Distance Sat
ClocksorbitsX

As a consequence of the symbiotic modelling of geometric and
lonospheric delay dependences of the GPS, Galileo, GLONASS & Beidou
signals: a better positioning service is obtained (cm-accuracy in real-
time after short convergence time), and better ionospheric sounding

Reducing
convergence
time in multi
frequency

USERS

Accurate
positioning
after the
best part of
an hour in
multi-
frequency




_ T5.2- GNSS networkrefit module
AUDITOR = Hybrid ionospheric-geodetic approach
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Exp 170613RelativeRTmode dual-frequency
posmonlng of Tractor {psd) vs RefRec (borj)
with TOMION (1 of 4)
Rec | Distanceto - \JEE V Consist f th t t of iti th
o telty Consencit e most par of posons e e

IIMU 188 +|jmu V But a cloud of apparently very noisy estimated

TPSD 190 *Tra(;mr (tpsd) .............. positionsappear. Why? Colgstart? Otherreasons?
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Exp 170613RelativeRTmode dual-frequency
positioningof Tractor (psd) vs RefRec (borj)
with TOMION (2 of 4)

VThe big positioning
errors are NOT
concentrated on the
initial convergencephase
of the tractor navigation
(beginning of time-frame
#1). they appear when
the tractor moves
through one part of the
path (red arrow)

V Which can be the
potential explanation?
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sv,-,-,-,.)gk Exp 170613RelativeRTmode dual-frequency
~  positioningof Tractor {psd) vs RefRec (borj)
AUDITOR with TOMION (3 of 4)

e Y

V The potential reasonof suchvery large positioningerror when moving during the same
path (marked by the red arrow) is strongly suggestedwhen the 3D representationis
activatedat googleearth: THECANOP Ytreesdenselydistributedin suchpart of the path).

V Thetrees, affectingto this part of the path, are likely blocking the signalof many GPS
satellites generatingcycleslips and the correspondingre-initialization of the carrier phase
ambiguityestimation

V The convergencephase of the positioning can be clearly seen (within yellow ellipse),
lastingfor about~25 seconds



Exp 170613RelativeRTmode dual-frequency
positioningof Tractor (psd) vs RefRec (borj)
Wlth TOI\/IION 4

| Google Earth

20 014 4851 92088N 539/47,41"E elev. 9n alt 360m €

VTheassomannof the precisepositioning outage with the canopyand not with the |n|t|aI cold start
of the tractor movement, duringthe very first minutes (startingon 06:11:39) canbe seenin the Way
Points number labels (equivalentto time in secondssince tractor receiver starting) the erroneous

positionshappenwithin the range 16371658 and beyond(red arrow), while previousepochsare well
locatedin previouspath ( ).




Exp 170613 RelativeRTmode dual-frequency
positioningof IIMU vs ReRec (borj) with
. licted satellite clocks& orbits, IGU)
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V Amongthe goodfitting with the paths shown by googleearth, a more consistencyindication of the
decimeter error level navigation achieved by the relative duaklrequency carrierphase based
positioningon the tractor, hasbeenobtained

V We haveprocessedhe permanentreceiverlJMU,also @ 1Hz,forming a similarbaseline,in distance
(188 km vs 190 km) and orientation (SW),than the Tractor (TPSD)¢omparingthe IJMURTFkinematic
positioning,performedwith the strategythan the one previouslyperformedto TPSDwith the precise
final PPPcoordinatesof IJMU,computedwith postprocessingrapid IGS)products,which canbe taken
asgroundtruth at centimetererror level Errorsup to +/- 20 cm, after the cold start (~4000sec)



Exp 170613 RelativeRTmode dual-frequency
positioningof [IJIMU vs ReRRec (borj) with

Rec Distanceto - &
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VTheresultis almostthe samewhen the predicted¢ ultrarapicé IGSproducts(IGU),availablein reat
time, are used(previousslide)andthe postprocessingt NJ L@&SRaducts(IGR)are used(thisslide)
V Thisisthe expectedresultwhenthe relative RTapproachis used(seemodellingdetailsin first slides)




3;,--,)§|\( Exp 170613 RelativeRTmode dual-frequency
ff{“ posmonlng of Tractor {psd) vs RefRec (borj)
AUDITOR Wi ;11 MIONequivalentunder IGU & IGR
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— Coord.0 estimation / meters
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Coord. — Coord.0 estimation / meters

Exp 170613, PPBtatic processing@15 min.: IGL
predictedclocks& orbits) vs IGRrapid
postprocessedlocksand orbits)
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V The influence of the degradationof (mainly) the predicted satellite clocks
errors (IGU,first row) makesthe PPPprocessingsignificantlyworser than with
postprocessedapid (IGR)psatellite clocksand orbits (secondrow), asexpected



Exp 170613: RRelativedualrequencypositioning of
IJMU ReRec (bOI’j) W|th TOMION $amet|me perlod
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V Convergencéime of ~7000sec(Nolono. + floatingambiguities)




NS Exp 170613: Tractor &ermanentnetwork
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Exp 170613 RRelativedual-frequencypositioningof

“, eRec (borj) with TOMION g¢ametime perioc
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Exp 170613: RRelativedualrequencypositioning of
IJMU vsReRec (bOI’j) with TOMION $amet|me perlod
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Exp 170613 Zenith TropospheridDelay: RT
relative processing® 30sewspostpr. (IGRPPP
processing@15 min.

== i V Anothertest of consistency
of the sameRTrelative dual
- - frequency GPSprocessingis
2 : lookingat the associatedZTD
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- V The results are mostly in
agreementunder 1 cm level,
BT S i i S0 e e T with somedeviationsup to 3
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5""""‘)§|\(,' Exp 170613 Zenith TropospheridDelay: RT

NS relative processing@ 30seasspostpr. (IGR)PPP
processing@15 mirvsfirst resultsof relative
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g e Conclusions

V The GPXdata gatheredfrom a tractor working 6 hoursin a Netherlandsfarm,
hasbeenprocessedvith the in-houseUPClonSAToftware, RFTOMION

V The analysishas been done emulating RT from duakrequencycarrier phase
and pseudorangemeasurements,in relative processingapproach, taking the
referencestation (BORJat around190km NE

V The results show characteristicscompatible with decimetererror level RF
positioning(from fitting with exiting paths, equivalentanalysisof IJMU,and ZTD
results),exceptingfor an smallsectorundercanopy

VThe satelliteclocksproof in the quality of the relative processing, vs
undifference(PPPpne, hasbeenexemplifiedaswell duringthis experiment

V The precise analysisof this farming exp. reinforcesthe need of looking for
mitigation strategiesof GNS$recisepositioningunder canopy(suchasthe one
of Soloviev& Dickman 2011), whichmight be consideredn the soft. receiver
VWhenWide AreaRTKjnvolvingpreciseionosphericcorrections,is applied,the
convergenceaime underfull coldstart is reducedto lessthan onethird.

Thank you

Soloviev, A., & Dickman, J. (2011). Extending GPS carrier phase availability indoors with a
deeply integrated receiver architecture. IEEE Wireless Communications, 18(2).




Two slides previously shown contain main terms to
clarify or summarize if needed:
- Global Navigation Satellite Systems (GNSS)
- lonospheric delays
- Wide Area Real Time Kinematic (WARTK)
- lonospheric waves
- TOMION
- Double-difference carrier phase ambiguities

L
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Wes narioand Problem
AUDITOR & Scenaricand Pro

Scenario
VIn Europe(typicallyat the South)
1) The permanent(GN§Snetworks can be sparse (up to
hundredsof kilometersof distance)

‘.——--——..

..
— o — "

Problem
V Precisdarmingin South ofEuropewill, then, require:
1) Promptdecimetererror levelreaktime GNS$ositioning
at morethan 100 kmfrom the nearestGNSS$eferencesite

L. e — —,

o, [
— o e—— e n

2) Precise reatime ionospheriomodellingfrom the

. - n "o mm— o e— g, “’--—..

N
.~..—ll—ll_-. " e—

3) OpensourceGNSSourcereceiver,combiningflexibility
for new GNS&lgorithmsand affordability. *
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e TheindependertDDphaseambiguities™

of two physicalcarriers

DDBw (widelane from Melbourne-Wubbenna
combination, Lw-Pn)

"( Wide AreaRTK In anutshell:

How to

promptly derive
DDB1, DDB?2
from any pair
within {DDBw,
DDBc, DDBI }?
DDBc (from < >DDBi (from ionospheric
lonospheric-free combination LI - precise
combination Lc - precise lonospheric modelling)

geometric modelling) 34
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[Motivation] Precise Agriculture (PA) presentation (EU AUDITOR experiment)

[Background]: Brief introduction to main identified points of the presentation:
a) GPS fundamentals: pseudoranges and carrier phases (optional)
b) lonospheric electron content
c) Wide Area Real-Time Kinematic
d) The International GNSS Service (optional)

[One efficient operative system] Quick introduction to Linux (optional)

[New tools for learning and research] lonSAT Tools (IT), emulating Real-
Time (RT) as much as possible (presented on the PA AUDITOR experiment):
a) gim2vtec.v2.scr
b) gimrnx2stec.v2.scr

[IT application to ECLIPSE, FLARE & GSTORM scenarios] (optional).
[Example of RT GPS-ionospheric system]: UPC-lonSAT since 2012.

[Monitoring of co-seismic generated ionospheric signals]: Application of
RT ionospheric sounding for potential Tsunami warnings), with GNSS dense:
(Tohoku and mid earthquakes, EQ) and sparse networks (Chile 2015 EQ).

1
|
[Conclusions] [
|
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How GPS Works
(the most madure GNSS)

Three measurements puts us
at one of two points

20 000k

Twe measuremeants puts

us somawhare on this drde One of the solutions is nOté

on the Earth surface.
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How GPS Works

Satellites broadcast
orbit and clock data £ )
O Satellitecoostidiiates |
and cdbeklobffset

Receiver measures
traveling time from
satellite to receiver

© Pseudvrange (P)

Thence, the receiver coordinates are found solving a
4 . .
i geometrical problem : from sat. coordinates and ranges




How GPS Works

Measurements:
Ranges

AiPseudoranges 0 a
computed from the
traveling time sat  -rec

Several error sources
affect these
measurements

travel time x speed of light
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1. Code or pseudorange: This measurement is given by the
apparent travel time t of the EM signal propagated from
GPS transmitter to receiver, scaled by the speed of light
in the vacuum, c. This value can be partially considered
as a range, 1.e., a pseudorange p:

UNIVERSITAT POLITECNICA
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2. Carrier phase: This measurement 1s computed in the
receiver by continuously integrating the frequency Dopp-
ler shift, primarily due to the relative velocity, clocks, and
tropospheric and 1onospheric drifts. This value 1s scaled
in unit lengths in such a way that it represents the pseud-
orange p and basically refers to the last time the carrier
phase was locked by the receiver 7, (i.e., the pseudorange
change since the last “cycle-slip” or the first acquisition
epoch).
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I

I
. C
er

IL
Thus, the carrier phase 1s finally defined as:

I

= —k/ﬁf—dr = p(t) — p(t) = p + By, (6)

L

where By 1s the carrier phase ambiguity for frequency
f and A = ¢/f 1s the corresponding carrier wavelength.
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Carrier phase ambiguity fixing: key for precise navigation

16

lonospheric combination (meters, PRNO1)

14 |

12

10 +

o
e

o
Cod€ measurements
GEE &

%%% & @

Phase measurements

AThe code measurements
(such as C/A) are accurate
(psedorange ) but not precise
(measurement noise and
multipath >~1 m).

AThe carrier phase
measurements are not
accurate (unknown
ambiguity =
phase lock) but very precise
(measurement noise and
multipath < 1cm).

ATo get real -time precise
positioning the carrier phase
ambiguities should be fixed
in real -time.

AThe differential approach is
guite convenient in this task.

pseudorange at

0
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UT (seconds, 1997 January 9th)
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The characteristic wavelengths in GPS are those asso-
ciated with the corresponding carriers: f| = 154 f for
Ly and f, = 120fy for L,, derived from the funda-
mental frequency fo = 10.23MHz, 1.e., 4 =~ 0.19m
and A» =~ 0.24m. For phase measurements, the error
1s approximately at millimeter level (=~0.014), between
two to three orders of magnitude smaller than the code
measurement error. This fact, along with a much smaller
multipath (less than % ~ 0.05 m, typically at the level
of few millimeters) due to the beat phase characteristics,
makes this observable the most suitable for high-accu-
racy applications in general and for ionospheric sounding
in particular. Indeed, precise navigation and 1onospheric
determinations are usually made with carrier phase mea-
surements. However, to best utilize the carrier phase, the
large associated unknown (carrier phase ambiguity) must
be properly solved, typically as an unknown parameter
(treated as a Gaussian random variable) in a given con-
tinuous arc of data (with no cycle-slips. i.e., with no loss
of lock on the signal).

Hernandez-Pajares et al.




309

40).3
Pn=p+c(dt —dt')+ ——S+T + Dy + D, (15

m

and
40.309 C
Ly =p+c(dr—dt)— —,}S +1 + By, +—¢ (16)
m- Im
. here, in SI units, P, and L,, represent the code and phase
measurements, respectively, of the transmitter by the receiver
S = / Nedl at a given time f, after correcting for the corresponding
T antenna phase center offset and vector; p, dr, dt’, S and
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I’ are the corresponding distance, receiver and transmitter
clock errors, slant total electron content and slant tropo-
spheric delay respectively; f,, refers to the frequency of the
carrier “m”; D,, and D), are the receiver and transmitter inter-
frequency differential code biases (DCBs), respectively, for
the given frequency also referred to as interfrequency bias,
IFB (note that the “prime” symbol represents terms associ-
ated with the GNSS transmitter/satellite). Finally, ¢ repre-
sents the relative rotation, in cycles, between the transmitter

and receiver antennas (the wind-up effect associated with the



The basic relationshi[_)s defining B, and B, ambiguities

are: Dual-frequency GPS
combinations: The iono.-

°B| — f1B) .
¢ = /) ;_fa -, free (geometric) armes, Lc,
f g‘ B J{}Bj Pc, and the iono.- &
By = lfi —f; - geom.free one, Mé&tbourne-

Wubbena, MW=Lw-Pn

associated with the corresponding ionospheric-free and
widelane carrier phase combinations:

L. = f]ELl - fzzL?_

TR
Nl — fals

UNIVE! R f] B f2 |

(21)

(22)

w

l » BARCELONATECH riciiianiuc T qjaico oL al.



_f[zPl_fgzp’l

Pf‘ - ") ") (23)
Ji =13
fiPr+ f2 P> . ) -
) = - , In this last case, the Melbourne-Wiibbena combination
fl + f2 M, = L, — P, can be formed. From here on, it
is straightforward to deduce that the phase ambiguity
B of the ionospheric combination of carrier phases
L; = Ly—L>(seeEq. 17) can be computed from B and
By, (which helps in the determination of the electron con-
tent in ionospheric models based on permanent GNSS
receiver data; see the corresponding subsection below):
B/ =B - By = ~2[B, - B 25)
Awhn
considering
By = My — ~“" (D + D)) (26)

[ A2




| 9 |
Py=p+cd —di'y s — =S4T + Dy + D), (15)

and /

m

R |
L 40.309 . -
y— % (16)

\ m ] m
. / %here, in SI units, P, and L,, represent the code and phase

S:/Nedl

I'T
L e tfargs on the
frequency dependent
term due to the
lonosphere (an
opportunity as extra
condition for precise
RT positioning, and
GNSS as geophysical
RT sounder)

measurements, respectively, of the transmitter by the receiver
at a given time f, after correcting for the corresponding
antenna phase center offset and vector; p, dr, dt’, S and
I’ are the corresponding distance, receiver and transmitter
clock errors, slant total electron content and slant tropo-
spheric delay respectively; f,, refers to the frequency of the
carrier “m”; D,, and D), are the receiver and transmitter inter-
frequency differential code biases (DCBs), respectively, for
the given frequency also referred to as interfrequency bias,
IFB (note that the “prime” symbol represents terms associ-
ated with the GNSS transmitter/satellite). Finally, ¢ repre-
sents the relative rotation, in cycles, between the transmitter

and receiver antennas (the wind-up effect associated with the



More details can be found for instance In:
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What hap :
pen with
explained in iue up to 0.1% of the ionospheri
it can be correct ese fundamental GNSS e ic effect not
ed from models (now in aV?/ZEtIOﬂS?
service!)

AGUMPUBL\CAT\ONS

Journal of Geophysical Research: Solid Earth

RESEARCH ARTICLE impact and lmplementation of Higher-Order lonospheric

1(110021‘2017)301 4750 H H H
Effects on Precis€ GNSS Applications

Kf; P""““’t dated model 1. Hadas' & A Krypiak-Gregsrczykz, M. Hernz’am:\ez-\:’ajares3 , ) Kaplon', J- paziewski’,
. e presery consO! al model 10 . . . . "
mnid GNSS da[;f(;[m:her_mdﬂ p. Wielgosz®, A- Garcia»Rigcf’ L K. Kazmierski' & K. Sosnica' &, D- Kwasniak’, J- sierny', J. Bosy's
wonospheric corrections M. pucilowski®s R- szyszko®, K portasiak®, G- Olivares»Pulidoa, T. Gulyaeva®s and R. Orus-Perez’
. We have implememed the model in

an online service correcting RINEX files "Wroctaw University of Environmental and Life Sciences, Wroclaw, poland, 2University of Warmia and Mazury in Qlsztyn,
. We investigated the impact of the Olsztyn, Poland, 3pepartrent Mathematics, Barcelona. spain, *Leica Geosystems Poland, warsaw, Poland, SIZMIRAN,

delays on satellite orbits and clocks,
troposphere detay and & adients, RTK,
and PPP pcs'nioning

Moscow, Russia, 6ESA-ESTEC, Noordwijk, Netherlands

Abstract High precision Global Navigation g atellite Systems (GNSS) positioning and time ransfer require
correcting signal delays, in pamcu\ar h‘\gher—order ionospheric (12+) terms. We present a consolidated
‘130:‘?:;0“'*9“* to: model to correct second-and third-order terms, geometric bending and differential STEC bending effects in
u':masz.t’\adas@upm.edum GNSS data. The model has been '\mp\emented in an online service correcting ohservations from submitted

RINEX files for 12+ effects. We performed GNSS data processing with and without including 12+ cotrections, in
order 10 investigate the impact of 12+ corrections on GNSS products. We selected three ime periods
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viadas, T krypiak Gregorayk. A representing different jonospheric conditions. We used GPS and

Hemandez-Pajares, M. Kaplon, J. observations from a global network and tWo regional networks in poland and grazil. We esti mated satellite
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highewrder.mmsphe“c effects on receiver positions using g\o?a\ GNSS solution; Real-Time Kinematic (RTK), and Precisé PmntA positioning
precise GNSS applications. Journal of (PPP) technigues- The sate\htere\ated products captured most of the impact of 12+ corrections, with the
Geophysical Research: Solid Earth, 122- magnitude up © 2 cm for clock corrections, 1 cm for the along- and cross-track orbit components, and below
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[Motivation] Precise Agriculture (PA) presentation (EU AUDITOR experiment)

[Background]: Brief introduction to main identified points of the presentation:
a) GPS fundamentals: pseudoranges and carrier phases (optional)
b) lonospheric electron content
c) Wide Area Real-Time Kinematic
d) The International GNSS Service (optional)

[One efficient operative system] Quick introduction to Linux (optional)

[New tools for learning and research] lonSAT Tools (IT), emulating Real-
Time (RT) as much as possible (presented on the PA AUDITOR experiment):
a) gim2vtec.v2.scr
b) gimrnx2stec.v2.scr

[IT application to ECLIPSE, FLARE & GSTORM scenarios] (optional).
[Example of RT GPS-ionospheric system]: UPC-lonSAT since 2012.

[Monitoring of co-seismic generated ionospheric signals]: Application of
RT ionospheric sounding for potential Tsunami warnings), with GNSS dense:
(Tohoku and mid earthquakes, EQ) and sparse networks (Chile 2015 EQ).

[Conclusions]
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Dual-frequency GPS combinations: The
geometry-free (lonospheric) ones: LI, PI

Li=L—Lr=a-S—B-¢+By. (17)

Pp=Py— P =a-S+Dj+ Dj+ey +er, (18)

where « = 40. ’509(— _ L,,) — 1.05- 1077 m3, g =
fz i

C(é—ﬁ)—OO’Sﬂrm B; = By — B>, D; = Dy — D,

and D) = D) — D/.? In this case, we also made explicit

the two main components of the measurement error, both
corresponding to the code: the multipath code error en and
the thermal noise measurement error et. Typically, the wind-
up term S - ¢ 1s a centimeter-level term. For the permanent
receivers, this term can be corrected very accurately from
their coordinates and orbital information, and it 1s not dis- ﬁ
. cussed explicitly herein.
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Estimating the ionospheric electron
content é

The GNSS ionospheric measurements are an excellent input for estimating
the ionospheric electron content distribution, for instance performing
tomography (layout of its implementation in TOMION UPC-IonSAT software).

l_‘ g GPS - TRANSMITTERS ,*f;’ H
\
GPS GROUND RECEIVERS X ]4?Q KM
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GPS and the lonosphere

The GPS signals are affected by the
free electrons: carrier phase advance

#=3] and code/pseudorange delays.

. =
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&

The UV (and X) Solar radiation ionizes the region
above 50 -100 km: lonosphere (to 1000 km) and
Protonosphere/Plasmasphere (above 1000 km). es etal




