“ﬁr'e

matlc GPS ”’



Content

GPS satellites and networks

Basics of the principles

Orbits (and their crucial role)

Static (and continuous) observations

Kinematic observations (not real-time)

Analysis of the observations of August 12, 2014



GPS - The space segment

24 satellites

26000km from the Earth centre
2 orbits/day

Six orbital planes:

— Inclination 55°

— 4 satellites / orbite




GPS - The ground segment (control and users)
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« Static » observations

e GPS antenna attached to the ground

 The measurements can be
— continuous (permanent station)
— repeated (campaign observations)




Basic principle of the GPS
positioning

e The satellite have accurate
clocks and each satellite
transmits Its time

« The positioning is based on the
analysis of the difference of
the arrival times of the signals
at the receiver

e The satellites orbits must be
known

The GPS Navigation Solution
The estimated ranges to each satellite iniersect within a small region when the receiver clock hias is
correcily estimated and added io each measured relative range.




Determination of the position of a receiver

The absolute coordinate of an antenna is determined using the

following equations:
(X - XP2+(y, - Y)2+(z,- 2 =c*(T, - T -dT))?
Xz - XP2+ (Y- Y)2+(z,- 22 =c*(T, - T -dT,)?
(X3 - XP2+ (Y- Y)2+ (z3-2)* =c*(T3 - T -dT))?
(Xq - XP2+ (Y- Y)2+(z4-2)? =c*(T,—T-dT))?
etc..

Parameters to be estimated:
o X,Y,Z: coordinates of the phase centre of the receiver antenna
o dTr : shift between the satellites time and the receiver clock

Data:
* X,Y;Z;: coordinates of the satellites as a function of the « system » time T

Observations made by the receiver:

« T, :arrival time (in the receiver time scale) of the signals transmitted by the
satellites at « system » time T



The propagation of the signal must be

P(X,Y,2)

accurately modelled

T Satellite orbits

lonospheric delay

Tropospheric
delay

Deformations of the
solid earth (tides, ...)

Phase centre of the

‘antenna and multipaths

AN

Receiver clock




Evolution of the accuracy of the GPS orbits
(calculated with the data of a « core » GPS network)
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Differential (relative) positioning

P(X, Y, Z,)=?

Eliminates (or reduces) the effect of error sources, like:
- orbit and clock error;
- tropospheric error (for short baselines)



Ellipsoid v/s Geoid

ad <
Regional
ellipsoid

Geocentric
ellipsoid

Géoide = equi-potential surface (complex shape) : 0 ~ mean sea
level

Ellipsoid = simple mathematical surface used in the definition of the
global coordinates systems

For a given point, latitude, longitude and altitude (elevation) are
different from an ellipsoid to another

Ellisoidal height and Altitude (above Geoid) are different



Plate velocities determined with GPS

Earthquakes M>6 (NEIC) - GPS velocities ITRF2005

ALGO Nerth Cffset 115;75331
rate{mmiyri= 226+ 0.01 mms= 1.20 wims= 1.1 mm #471
T

ALGO East Offset 21818305279 m
rate(mmiyr)= -16.10 + 0.01 nrms= 1.30 wrms= 1.2 mm #471
T T

0
ALGO Up Offset 200885 m
ratefmmiyrj= 331+ 005 nrms= 1.29 wims= 4.2 mm #471
T T T

* Geologic
% Geodetic

The available time series of coordinates at several thousands of
permanent stations allow th map the global plate tectonics of Earth

Somalia/Nubia Euler poles:

Velocities plotted with respect to a « Earth mantle » reference frame
(defined using the location and trajectory of the hot-spot volcanoes



There are velocity transients

Earthquakes M>6 (NEIC) - GPS velocities ITRF2005

AREQ North Offset -1832952.620 m
rate(mmiyr)= -33.73+ 0.02 nrms=60.93 wrms= £7.2 mm # 3748
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* Geologic

Somalia/Nubia Euler poles:
¥ Geodetic

Associated with earthquakes (here a subduction earthquake in Peru in
2001)



There are velocity transients

Earthquakes M>6 (NEIC) - GPS velocities ITRF2005

120

Morth {mm)

8

Béseline length (mm)
East (mm)

&

1992 1994 1996 1998 2000 2002
Time (year)

\elocities gradients measured by GPS in
the Cascades (USA) (Miller et al., 2002)

* Geologic

Somalia/Nubia Euler poles:
¥ Geodetic

Showing the (previously unknown) existence of “silent” earthquakes



There are coordinates transients

Earthquakes M>6 (NEIC) - GPS velocities ITRF2005

Differential phase anomaly (SV 2-4)

* Geologic

Somalia/Nubia Euler poles:
¥ Geodetic

During earthquakes

040

-0.50
175330 17:53:45 17:54:00 175415 17:54.30 175445 17:55.00

Time (UTC)

Aysen earthquake, Chile (M=6.2), 21 April 2007, C.
Vigny, ENS




There are coordinates transnents

102" 104"

Earthquakes M>6 (NEIC) - GPS velocities ITRF20

* Geologic

Somalia/Nubia Euler poles:
% Geodetic

92° 94" 96" 98" 100" 102" 104

During earthquakes http://www.deos. tudelft.nl/seamerges

GPS displacements during the Sumatra
earthquake (2004)



Transient GPS displacement during the start
of a volcanic eruption

Vendredi 15 Novembre 2002
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Deformation associated with a dyke injection at Piton de la Fournaise volcano (France)



Post-glacial rebound

Height fmm)

Height (myh)

Heighpimm)

Height (pfm)

2 mm/lyr =»
0

Deformation of the North American Plate Interior from a Decade of Continuous GPS
Measurements E. Calais et al., JGR, 111, 2006



Variations of the Earth rotation

POLHODY 2003—2007, Prediction in green
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The small loops are interpreted as due to
IERS — Solution C04 the motion of large atmospheric masses
(meteorological effect)



Millimeters

Millimeters

Millimeters
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Need to define a reference surface and an
average antenna height with respect to it




« Road » kinematic
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Elevation (m)

Kinematic GPS - Simulated

displacement + noise 10cm r.m.s.

Kinematic GPS survey - 1/10/99
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Topography
measurements

Vulcano kinematic GPS survey (June 4-8, 1997)

Distribution of GPS profiles (days 155-159)
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a GPS reference station (C0)

+»  GPS measurement with
Jived ambiguities (RMS < 5 cm)

14 56

1457 14 58 14 59° 1500




Eleyation )
< EEERE

Ll T

134 20"

o L

Assessment of the repeatability and
accuracy

UK analvsis of Kimemabic measurcments (clay 158)
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Intercomparison of kinematic measurements (day 158)

Leveling station number
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GPS on buoy

Tsunani detected at Hiratsuka GFS Buoy {FFF Solution with YERIFO5 CLOCK}
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GPS on board of Tara
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GPS measurements on glaciers

70°E =E
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Monitoring of the Lambert glacier, Antarctic (Australian
National University)

BE TOE FE

B0'E 8oe

Monitoring of alpine glaciers (Glaciologie Grenoble)
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Differential positioning with respect to the
GPS station MOSE located in Roma

& ELREF Permanent GNSS Nt

€ | @ wow.epnct.oma.be c | |B - soogle

ROB 44is
EE
EPN CB GMSS RESEARCH GROUP

HomE EUREF PERMANENT NETWORK corer (g

ORGANISATION NETWORK & DATA PRODUCTS & SERYICES DOCUMENTATION NEWS, EVENTS & LINKS

correction streams

WELCOME !

EUREF PERMANENT NETWORK Quick Link To SITE INFORMATION

[ petect 5 station) v

The European Terrestrial Reference System 89 (ETRS89) is used as the standard precise GPS
coardinate system throughout Europe. Supported by EuroGeographics and endorsed by the EU, this
reference system forms the backbone for all geographic and geodynamic projects on the European
territory both on a national as on an international level,

EUREF network

LasT UpPDATED/NEW PAGES
2014-03-11 : Relstion to EUMETNET added ta Projetcs.

The ETRS89 is maintained by the I1AG 2013-12-18 : The Procedure for Becoming an EPH
= sub-commission EUREF and it is accessed Station has been updated.
p WWW e p I I C O I I la e through the EUREF Permanent Netwaork (EPM), 3 2013-11-19 : The guidelines for the EPN local analysis
- . . - science-driven netwark  of  continuously centres have been updated.

operating GPS reference stations with precisely  More ..
known coordinates in the ETRS23,

All contributions to the EPM are woluntary, with NEws
X mSg?v;r;ananl‘:‘DD':hEeurlseeliabnltagen:\esfunwersmes 2014-07-25 : Mew EPN stations ARJ6, JONE, NOR7,
a e netlobls 0SK6, OVER, SVE6, UMEG, VAES, VILE
based on redundancy and extensive guidelines e V‘ISE a - = £
guaranteeing the quality of the raw GPS data to 2013-12-24 : Christmas holidays
the resulting station positons, Next to its key 2013-12-05

: Antenna Serial Numbers in STa and AT
role in the maintenance of the ETRS89, the EPN files at EPN CB
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groups | Management | status | Data access | Proposed positions | Positions & velodties | & calibration | Papers | FAG Workshops | FTP serer | We
Contributors | Collaborations | stations | Station log submission Tropospheric delays | ETRF{ITRF histary | Links
Site map | station picture submission transfarmation | Position  time

series | Satellite orbit & clock
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http://www.epncb.oma.be/

Data available through the EUREF web

site (30s) or the GDC web site (1)
(http://igs.bkg.bund.de/)

User:

GDC ,,.. r J g .} Ll r Password:
GNSS DATA CENTER el '-%
o @ as

. _ : User:
Welconmie to the GNSS Data Center (GD( GDC - _ r'y _'_J Al { Password:
providing GNSS DATA CENTER o
GPS - GLONASS - Galileo Tracking Data and I el e s e : 8 KoL

Ground observing stations equipped with permanently operating GNSS receiver s
tracking networks in cooperation with international organisations. The GDC supy
projects referred to GNSS tracking networks by storing and transferring related { Rinex Search Result

Check the availability of observations, recent behaviour of observing sites and re
observations or analysis results. The GDC is structured by projects and requires
the project filter

all files & = =)
The NTRIP-section offers information and software about real-time data strearns o 5 B B . * 3 H W
ObSeNath”S aﬂd prOdUCtS muse. aau. . o ome - e 0ses o IChelangelo -Lo- all Ighrate = =)
NMoses' of Mi 00:00 ki 2 e 1
rDse224b00.144.2 211 Rame - The Moses' of Michelangela 2014-08-12 01:00:00 highrste x o [} [
Qur FTP-Access allows quick download of files stored at GDC. i = g
mDse224b15.14d.2 2.1 Rome - The Moses' of Michelangelo 2014-08-12 01:16:00 highrate b4 & = )
For some pages inthe Data & Products section a help-button will be displayed i mise224b30.14d.2 2.1 Rame - The Mosss' of Michelangela 2014-08-1201:30:00 highrate b 4 g [} sl
rlse224bd5, 144.2 211 Rame - The Moses' of Michelangelo 2014-08-1201:45:00 highrste b4 o %} ¥
r0se224c0014d.7 211 Rome - The nses’ of Michelangelo 2014-08-12 02:00:00 highrate ® & =) il
mOse224c15.14d.2 211 Rome - The hoses of Michelangelo 2014-081202:15:00 highrate b4 & = )
mOse224c30.14d.2 211 Rome - The Moses’ of Michelangelo 2014-081202:30:00 highrate ® & = i



http://igs.bkg.bund.de/

Coordinat

es of MOSE

Fichier  Edition  &FFi

.Eh_chlar

Edition

- o EUREF Permansnt

Sl e & EUREF Permanent GNSS Net..

A

e ‘ ‘* Google

Pler & &

b & " &0 v, epnch.oma.be)_productsservices/coordinatesjcrd4station, php?station=MOSE

Data / Products » Homme IERS * Data / Products » ITRE

o Earth orientation data

The International Terrestria

a Conventions

The International Terrestrial Reference Frame

a
e which realize an ideal reference system, the I

= ICRS resolution Mo, 2 adopted in Wienna, 1991,

o ITRF According to the new structure of IERS imple

o computation of ITRS realizations. After a valid

To the ITRF2002, IGM and DGFI contribute by
to be provided as ITRF2008. & short descriptid

o Geophysical fluids data

Contents

Search

Search website

Q i

Search IERS products L

local ties [

realizationg
ITRF2000,

* Product Search

Search IERS messages Accuracy Uncertainties ar

» Message Search

Updates From one to sevy

We use the ITRF2008

~
The precisions indicated in the tables below are formal 1 sigma errors from the normal equation stacking, Due to the rounding, formal errors indicated by 0.000 m {0.000 —

m/y) must be read as being smaller than 0,0005 m (0,00005 mdy) or 0.5 mm (0.0Smmdyl,

1. POSITIONS/VELOCITIES PUBLISHED BY EUREF

EUREF has classified MOSE {Roma, Italy) as a class A station which means that it can used as fiducial station for EUREF densifications.

LATEST RELEASE

EPN_A_ETRF2000_C1785.55C - EPN_a IGhOB_C1785.55C (July 9, 2014)

ETRF2000

epoch tg

Position (m)

Welocity {rdy)

% i z Wyt Yy ux
10642012 - 08942014 | 001/2005 | 4642432.762 + 0,001 10286259180 £ 0,000 4236854.017 £ 0,001 | -0.0010 + 0.0001 | -0,0023 £ 0.0001 | -0.,0009 + 00001
182/2007 - 104/2012 | 001/2005 | 4642432.767 + 0.001 10286259 181 £ 0.000 4236854.023 £ 0,001 | -0.0010 + 0.0001 | -0.0023 £ 0.0000 | -0.0009 = 00001
001/2006 - D04/2007 | 001/2005 | 4642432.756 + 0.000 1028629180 £ 0.000 4236854.013 £ 0.000 | -0.0010 + 0.0001 | -0.0023 £ 0.0001 | -0.0009 = 0.0001

Position (m} welocity {mdy)
1Gh0g epoch fp

® 7 z Vi Wy vz
106/2012 - 089/2014 | 00172005 | 4642432477 + 0,001 1028629 440 £ 0,000 4236854.247 £ 0,001 | -0.0155 4 0.0001 | 0.0170 + 00001 0.0112 + 0.0001
182/2007 - 10472012 | 001/2005 | 4642432482 + 0,001 1028629 441 + 0,000 4236854.2553 + 0.001 | -0.0154 & 0.0001 | 0.0170 + 0.0000 0.011Z2 £ 0.0001
001/2006 - 004/2007 | 001/2005 | 4642432.471 + 0,000 1028629 441 + 0.000 4236854.243 £ 0.000 | -0.0154 & 0.0001 | 0.0170 + 0.0001 0.011Z2 £ 0.0001

<

Click HERE to see a plot of how the station positions between successive cumulative solutions agree with each other

+ PREVIOUS RELEASES

2. POSITIONS/VYELOCITIES PUBLISHED BY THE IGS

1G5 has not yet released coordinates for MOSE (Roma, Ttaly),

3. POSITIONS/VELOCITIES PUBLISHED BY THE IERS

IERS has not yet released coordinates for MOSE (Roma, Italy).

coordinates
(http://itrf.ign.fr/ITRF solutions/2008/) at the reference epoch

(2005.0)


http://itrf.ign.fr/ITRF_solutions/2008/

The entire 2 hours measurements
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A zoom Into the 3 best minutes (3 loops)

Kin GPS 12/68/14

518.7
518.7 ’L}LL‘
: Wi, i
Z 5186 '% , r 1 A
{ R ¥y
= ‘t]a {J + rﬁﬁ \[\ ﬁﬁ}'
: T Y
18 i
'
Flf:h::ﬂ':ﬂﬂ lﬁ:ﬂ.ﬁ:(ll'l ]R:(}I“):I’lﬂ lﬁ:llﬂ:(ll'l Iﬂ:lll:l‘m

Antenna height decreases with
time (operator?)

UTM_N (m)

Kin GPS 12/8/14

4630549
4630548 //‘ \\
4630547 1y i

1
4630546 2
4630545 \ /
4630544

307997 307998 307999 303000 308001 305002 308003

Kin
+ Dt
. Fit
s ea s
N
. .
LT T
s T
: L ‘.‘ ?-g__: b
: S 1 .-
& Tt e e el
- ., .- -

Slope of the terrain: 2.4%
azimuth N51°W

Residual (m)

r.m.s. scatterto a 2.1m circle =
46 mm

Circle centre determined with

~25mm accuracy

.08

- * .
0.04 S —

- ’0 .. . -
Falii

- +
P W e .
-+

st
.

- . v .
. - .

0

Time

18:07:00 18:08:00 18:09:00 18:10:00 18:11:00




UTM 33 coordinates of centre of the fountain

liquer sur "M" paur réinitialiser su

. East: 307999.990 + 0.025 m
. North: 4630546.390 + 0.025 m




Comparison with PPP (single point
positioning) (GIPSY apps.gdgps.net/ )

Kin GPS 12/8/14 Differential v/s PPP
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Comparison with PPP (single point
positioning) (GIPSY apps.gdgps.net/ )

Kin GPS 12/8/14 Differential v/s PPP
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