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Geodetic framework links networks & points...

A

|

Datum iIs the key to ensuring interoperability
of spatial information... linking data in space &
time increases value of past, current & future
geospatial data & precise positioning...
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NA middle-aged rocky planet, Earth offers a wondrous
combination of interconnected systems. From its molten core
below to the ionosphere above, planetary layers interact
dynamically, moving constantly, affecting climate and
environment, and impacting life of all forms on the planet.
Quantifying these changes is essential to understanding the
underlying processes well enough to identify their root
causes and to anticipate and respond to future changes.
Precise global geodesy is an essential tool to capture
these changes. n(my emphasis)

Committee on the National Requirements for Precision Geodetic
Infrastructure; Committee on Seismology and Geodynamics; Nationa
ResearctCouncil; ISBN 978309158114, 156 pagef2010)
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Dual Function of Geodesy...

A Geodesy is the foundation for the representation of
horizontal & vertical position (& Its variation) in alobal

Despite differences in mission
requirements of Geodetic Science &
Geodetic Practice, the geodetic
Infrastructure, datums, GNSS technology
& methodology can now support both ...
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and geometry/gravity interactions.




Space Geodetic Techniques
a large toolkitée ‘
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Global Geodesy
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|JAG Structure since 2003

International Union of Geodesy and Geophysics (IUGG)

International Association of Geodesy (IAG)

| | | | |
Council Executive Committe Bureau Office COB
|
| | | |
Commission 1 Commission 2 Commission 3 Commission 4
Earth Rotation & Positioning &
Reference Frames| Gravity Field Geodynamics Applications

Inter-Commission Committee on Theory (ICCT)

Services: IGFS BGI ICET BIPM

ILRS ICGEM | | 1GeS| | IDEMS| | PSMSL

Global Geodetic Observing System (GGOS)




Significant ground-based infrastructure for geometrical
servicese
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SLR/LLR

- 40
DORIS stations observed in 2011

< 0"
SLR stations observed in 2011



IAG Services http://www.iag-aig.org

IERS: International Earth Rotation and Reference Systems Service
. (ILS in 1899, BIH in 1912, IPMS in 1962, IERS in 1987)
= IGS: International GNSS Service (1994)
g IVS: International VLBI Service (1999)
8 ILRS: International Laser Ranging Service (1998)
IDS: International DORIS Service (2003)
IGFS: International Gravity Field Service (2004)
BGI: Bureau Gravimetrique International (1951)
1GeS: International Geoid Service (1992)
ICET: International Centre for Earth Tides (1956)

ICGEM: International Centre for Global Earth Models (2003)
IDEMS: International Digital Elevation Models Service (1999)

PSMSL: Permanent Service for Mean Sea Level (1933)

BIPM: Bureau International des Poids et Mesures (Time 1875)

Std Ocean
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ModernGeodesyos Caparck

Geodesy now defined in terms of the following capabilities:

1. Determination of precise global, regional & local 3-D
(staticor kinematic)posi ti ons on or aft
surface.

2. Mapping of land, sea & ice surface geometry.

3. Determinati on of t he vdfiablet h ¢
gravity field.

4. Measurement of dynamical (4-D) phenomena:

- Solid Earth (incl. cryosphere): surface deformation, crustal motion, GIA,
polar motion, earth rotation, tides, water cycle, mass transport, etc.

- Atmosphere: refractive index, T/P/H profiles, TEC, circulation, etc.

- Ocean: sea level, sea state, circulation, etc.
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The Value of Reference Frames to Soclety (1)

A Fundamental geoscienceé solid earth geophysics, atmospheric,
cryospheric & oceanographic processes, hydrology

A Global Change studiesé climate change (causes & effects), water cycle &
mass transport changes, sea level rise, mesoscale circulation, GIA, polar
studies

U Need continuity of ITRF to very high accuracye to be provided by
the full ensemble of space geodetic techniques

U Primary signals are derived from (small) changes or trends in
geodetic parameters

U Use GNSS to connect to the ITRF

U Extensive use of IGS productsé but careful data processing
strategies are necessary
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The Value of Reference Frames to Soclety (2)

A Geohazard researché seismic, volcanic, landslip, storms, sea state,
flooding, tsunami, space weather

A Geodetic reference framesé ITRF, national datums & SDI, gravity, timing

A Engineeringé precise positioning/navigation, atmospheric sounding, geo-
referencing platforms, operational geodesy, radar & laser imaging/scanning,
engineering geodesy, surveying

Ul TRF tr acnefaibti [fiaryépur poseo condi t i
U Long-term stability not necessarily important for many applications

U Use GNSS to connect to the national or local datum, and used for
densification

U Extensive use of IGS & national/local CORS d a t aimplified data
processing tools are often adequate

Land Information -
Jewa o =
New Zealand & Trimble.
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Monitoring Geometric & Gravimetric Signatures

Geodetic Products for ...

,, " /\ Slica)gtyenrar?;?a,rch
The goal of modern geodesy can be .
# summarised: improve the accuracy, resolution, | *
reliability & timeliness of geodetic products by
an order of magnitude
-- Imm accuracy reference frame & stability of
0.1lmml/yre
Il n order to monitor f.a

Surveylng
engmeerlng
cadas

Geometric = 4 s o N Gravimetric
Observations ' _— Observations




ITRF: Implications for Geodetic
Science & Geodetic Practice

ATodayb6s geodetic technologi es,
methodologies are so powerful that motion of every point on the
Eart hdos mensufalslec e | s

A GNSS both defines ITRF & allows easy connection to ITRF/datum

A Global Change studies demand monitoring of geodetic time-series
against the highest accuracy/stability ITRF

A Timevarying coordinates are the
however they are Anoiseo (or n
and positioning/navigation users in general

A Datums based on ITRF by defining a Ref Epoch and (traceable)
connection provided via (mainly) GNSS CORS or groundmarks

A Recognition by UN-GGIM of the importance of the GGRF,
geodetic infrastructure & open data policies

u
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Global Reference Systems & Frames
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A Modern GGRF... such as the ITRF

A ECEF RF: allows determination of station position wrt
stable continuously maintained GGRF

A All geocentric datums directly or indirectly aligned with
ITRF, now maintained by the IAG Services

A All points, objects, geodetic control marks, GNSS CORS
or geodetic observatories on the surface of the Earth
move (i.e. 4D coordinates):
i Crustal motion Origin Scale& Origntation
I Local deformation
I Ground subsidence or uplift
é etc
A 1tis now easy to connect to the ITRF...
several GNSS techniques give ITRF
coordinates directly

A It has never been easier to build )
an ITRF-based national datum ‘

Earth Fixed/Centred Reference Frame

http://www.iers.org http:// itrf.ign.fr A —




GPS/GNSS Global Satellite Datums

A Satellite orbits are naturally related to the Geocentre, and
computed in a Cartesian system oriented by the Earth's
rotational motion... this is the class of Earth Centred Earth
Fixed (ECEF) terrestrial datums...

A Datum defined by the coordinates of CORS:
I official GPS* ground tracking/monitoringstns ( n Cont r ol T CS¢ «
I other ground network (e.g. IGS CORS)

A Realised by the GNSS ephemerides:

I broadcast... (<1m accuracy) computed by the CS

I precise... (few cms accuracy) computed by non-CS (e.g. IGS, or
commercial services)

A Accessed by either:
I Relative positioning... connecting to terrestrial points (e.g. CORYS)
I Point positioning... PPP almost same accuracy as DGNSS

* GLONAS%alileo,BeiDouhave different GNS@&atumsdefined also by their own CS



WGS84, ITRF2014, GDA94

A The official GPS* datum is the ECEF World Geodetic System 1984
(WGS84) -- datum for satellite coordinates transmitted in Navigation
Message... GPS SPP results are expressed in WGS84 only at few
metre level of accuracy

A Most accurate & stable ECEF reference system is the ITRS --
realised by coordinates in ITRFyy frame (e.g. ITRF2014) and IGS
precise ephemeris, hence geodetic GNSS is related to ITRFyy, &
provides basis of modern geodetic datums, but 1 s -fnioxte
datum... also used in PPP techniques

A Many national datums such as the Geocentric Datum of Australia
(GDA94) are ECEF-type datums (at an epoch date) determined
using GNSS (& other) techniques, hence all relative positioning in
Australia using GDA94 geodetic control points result in coordinates
In this datum... typically do NOT incorporate station velocities, as
suchdatumsar e ffpil xaet deo

* GLONAS%alileo,BeiDouhave different GNS@&atumsdefined also by their own CS



Earth-Fixed or Plate-Fixed?
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The WGS84 Datum (1)

ECEF Cartesian system defined by a global set of U.S.
National Geospatial-Intelligence Agency (NGA) (formerly
NIMA, formerly the Defense Mapping Agency) satellite
tracking stations

A Maintained by the assigned Cartesian coordinates of the tracking
stations in the GPS Control Segment

A Transferred to the satellite ephemerides during the orbit determination
process carried out by the Master Control Station

A Uploaded to the satellites and broadcast to users in the Navigation
Message

A Ultimately realised anywhere on Earth by the GPS single point
positioning (SPP) coordinates, but accuracy is only few metres

http:// en.wikipedia.orgwiki/ WG S84




The WGS84 Datum (2)

Thegeneraluserof t en accepts GR®WESs4
d at u mo aware of th@issues or relationships with other,
more precise datums

A In mid-1994 WGS84 was re(de)fined to align it with ITRF91 (at decimetre
level) -- WGS84(G730), at the beginning of 1997 WGS84 was again
re(de)fined to align it with ITRF94 (sub-decimetre level) T WGS84(G873),
at the beginning of 2002 realigned to ITRF2000 (cm level) i
WGS84(G1150), in Feb 2012 realigned to ITRF2008 (cm level) i
WGS(G1674), in Oct 2013 realigned again T WGS(G1762)

A WGS84 datum changes station coordinates each year to account for
tectonic motion, hence epoch 1 s ny

A Nowadays an ITRF coord (easy to determine) can be used as a surrogate
for a WGS84 coord (impossible to determine with high accuracy)

http:// www.unoosa.orgpdf/icg/2012/template/WGS _84.pdf

http:// www.ga.gov.alearth-monitoring/geodesy/geodeticlatumgother/wgs84.html




The WGS84 Datu(d)

NGA STND.0036 100 WGS584

2014-07-08

/

Table 2.2 WGS 84 (G1762) Cartesian Coordinates™® and Velocities for Epoch 2005.0

Station Location | [YGA Station X Y Z X Y Z
Number (m) (1m) (m) (mfyT) | (mfyr) | (m/yT)
Air Force Stations
Colorado Springs 85128 -1248599 695 4819441002 3076490117 | 00146 | 00009 [ -0.0040
Ascension 85120 6118523 866 -1572350.772 -876463.000 | 00002 | 00057 | 00110
Diego Garcia 85130 1916196.855 6029008 797 -801737.183 | 00448 | 00176 | 0.0331
Ewajalein 85131 -6160884.028 1339852169 060843.154 | 00201 | 00663 | 0.0295
Hawaii 85132 -5511980 264 -2200246.752 2320481004 | 00098 | 00628 [ 0.0320
Cape Canaveral 85143 018088.062 -5534552 894 3023721362 | 00126 00016 0.0011
NGA Stations
Australia 85402 -3030182 512 3467072917 -3613217.139 | 00400 | 00030 | 0.0485
Argentina 85403 2745490 034 -4483636.563 -3500054.496 | 00045 | 00079 0.0085
England 85404 4011440.890 -63375.730 4041877084 | -0.0127| 00168 | 0.0101
Bahrain 85405 3633910105 4425277147 2799862517 | 00324 | 00096 0.0270
Ecuador 85406 1272867 304 -6252772.044 -23801.759 | 00067 | 00013| 0.0108
US Naval Observatory 85407 1112158 852 4842855557 3985497029 | -0.0150 | -0.0001 [ 0.0024
Alaska 85410 -2206304.083 -1434805 898 5743078.376 | -0.0222 | -0.0068 [ -0.0086
New Zealand 85411 4749001 001 520084 518 4210604147 | -0.0219 | 00127 | 0.0205
South Africa 85412 5066232.068 2719227028 -2754392632 | 00012 | 00197 0.0168
South Korea 85413 -3067863 250 4067640 938 3824205770 | 00263 | -0.0091 [ -0.0004
Tahiti 85414 -5246403 943 -3077285338 -1913839202 | -0.0422 | 00515 00327

Motes: * Coordinates are at the Antenna Feference Points.

Beference

-/earth-info.

il GandGysathtml’ for current valnes
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ITRS & ITRF
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ITRS / ITRF

A International Terrestrial Reference System (ITRS) & the International
Terrestrial Reference Frame (ITRF) are maintained by the International
Earth Rotation & Reference System Service (IERS) (http://www.iers.org)

A Definition of Earth-fixed (i.e. mantle-fixed) ITRS:

- Origin coincides with the Geocentre (Earth centre-of-mass)
- Orientation of fundamental plane:
Earth's mean equator for the period 1900-1905
- Direction of principal direction:
intersection of plane through Greenwich and equatorial plane

A In practice realised by observed positions and motions (i.e. 4D) of global
network of geodetic observatories and permanent GNSS tracking stations

A There are different coordinate & velocity sets representing different
realisations of ITRS, e.g. ITRF92, ITRF94, 2000, 2005, 2008, 2014

(http://itrf.ensg.ign.fr/)
A - “\ \




International Terrestrial Reference System

Realised and maintained by IAG & IAU
Product Centre of the International

Earth Rotation & Reference Systems 5 ITAF2014 sites
Service (IERS) 0. S

ITRS realisationi s tntereatiamal
Terrestrial Reference Frame" (ITRFyy)
(fyyois year of computation, not
necessarily coordinate/datum Ref Epoch ¥ .®

Individual TRF solutions ("SINEXo  f)
from VLBI, SLR, GNSS and DORIS .
SerVICeS Vg;?VLBI ¢SLR «GNSS ODORIS >

Set of station positions and velocities,
estimated by combination of VLBI, SLR,
GNSS and DORIS TRF solutions Past:L ¢ wC bH T 2005, 2008 11 1 .

Need all space geodetic techniques, and Current:ITRF2014
based on co-location sites, i.e. cannot
use GNSS alone... GNSS is also for

densification of, or connection to, ITRF http://www.iers.org

http:// itrf.ign.fr







Mix of
techniques is
fundamental to
realise a RF
that is stable in
origin, scale, &
with sufficient
coverage...

@, nternationallEarth tion and
Ao Referenee SSEmS SEEE

Contribution of Geodetic Techniques to the ITRF

Technique VLBI SLR GNSS DORIS
Signal Microwave Optical Microwave
Source Quasars Satellites Satellites
Obs. Type Time difference Two -way absolute One-way, range

range difference
Celestial No No No
Frame & UT1 Yes
Polar Motion Yes Yes Yes Yes

No (but be i

Scale Yes Yes bl
Geocentre No Yes Future Future
ITRFE Origin
Geographic No No Yes Yes
Density
Realtime & = Yes Yes Yes
ITRF access
Decadal Yes Yes Yes Yes
Stability

FOD3I4 TR I4E6190D

268 531

4969 333

o

- - I8 2 6 4,798
e o T




25 Space Geodesy Networks
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4 Input Data: Station Position Time Series

DORIS
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Co-location Sites for ITRF

A Site where two or more space geodetic instruments are operating
A Surveyed in 3D, using terrestrial tie observations or relative GNSS
A DX, DY, DZ (connection baselines) are computed

DX psvie)y = Avisr =~ Xeps

SLR

GNSS| _

7 lntenatienal Earté’iﬁotation and
N Sysstem'siService




ITRF Construction

Long-term Solutions

| Step 1

]

Recomputatlon of all
/ Local ties solutions every 5yrs (or so)...
ITRF2008, ITRF2014, ...
/Velocity equality 1
at co-lggation sites ITRF
XV, EOPs

ITRF2014 material: Zuheir Altamimi, Paul
Rebischung, Laurent Métivier, Xavier Collilieux



ITRF2008 STATION POSITIONS AT EPOCH 2005.0 AND VELOCITIES

IGS STATIONS

th = XtO t (ti - 1:O)yrs'\/x
Ytl = Y[O t (tl - 1:O)yrs'vy

DOMES NB. SITE HMAME TECH. ID. X/Vx Yy Eive 81
----------------------- MM/ e —_— Z + (t t V
Sezvsmeni meeniana T ottt e e e s ra o nero g t0 1 O)yrs' z
50209M001 -.0235 -.0024 0.0325 .0001 .0000 .O00L
S50209M001 Auckland GNSS AUCE -51056B1.175 461564 .031 -3782181.48B2 0.001 0.001 0.001 2 05:307:14940 00:000:00000
50209M001 -.0235 -.0024 0.0325 .0001 .0000 .0001
5021258001 Dunedin GNSS DUNT =4393728B.8BED 725060.333 =4550B96.3%2 0.001 0.001 0.001 1 00:000:00000 04:358B:53943
502125001 =.0160 0.0352 0.0224 .0001 .0000 .0001
S0212M001 Dunedin GNS5 OUSD -438B7BEB.&5T7 733421.168 =4555178.372 0.001 0.001 0.001 1 00:000:00000 04:358B:53943
50212M001 =.0160 0.0352 0.0224 .0001 .0000 .0001
502125001 Dunedin GHNSS DUNT -4393728.892 725060.332 -4550B96.3%0 0.001 0.001 0.001 2 04:358:53943 00:000:00000
502125001 -.0160 0.0352 0.0224 .0001 .0000 .0001
50212M001 Dunedin GNSS OUSD -438B7BEBB.65D 733421.167 -=4555178.370 0.001 0.001 0.001 2 04:358:53943 06:170:25200
50212M001 =-.0160 0.0352 0.0224 .0001 .0000 .0001
50212M001 Dunedin GNSS OUSD =43B7BEB.G&TE 733421.163 =4555178.3%90 0.001 0.001 0.001 3 06:170:25200 07:364:00000
50212M001 =.0160 0.0352 0.0224 .0001 .0000 .0001
S0212M001 Dunedin GNSS5 OUSD -438B7BEB.&97 733421.166 =4555178.408 0.001 0.001 0.001 4 07:364:00000 00:000:00000
50212M001 =.0160 0.0352 0.0224 .0001 .0000 .0001
50212M002 Dunedin GHNES OUS2 -438B7B90.825 733420.410 -4555176.345 0.001 0.001 0.001 1 00:000:00000 01:2B6:00000
50212M002 -.0160 0.0352 0.0224 .0001 .0000 .0001
50212M002 Dunedin GNSS OUS2 -4387B90.826 733420.412 -4555176.343 0.001 0.001 0.001 2 01:286:00000 04:358B:53943
50212M002 =-.0160 0.0352 0.0224 .0001 .0000 .0001
50212M002 Dunedin GNSS OUS2 =43B7B90.82E 733420.410 =4555176.340 0.001 0.001 0.001 3 04:358:53943 06:239:79200
50212M002 =.0160 0.0352 0.0224 .0001 .0000 .0001
S0212M002 Dunedin GNS5 OUS52 -438B7B90.829 733420.405 =4555176.342 0.001 0.001 0.001 4 06:239:79200 00:000:00000
S50212M002 =.0160 0.0352 0.0224 .0001 .0000 .0001
50213M003 RAROTONGA GNSES CKIS -55831B2.157 -2054143.546 -2292166.707 0.001 0.001 0.001
50213M003 -.0340 0.0538 0.0326 .0001 .0001 .0001
502145001 CHRISTCHURCH GNSS LYTT -4588536.011 S5B5996.282 -4376497.022 0.001 0.001 0.001
502145001 -.0165 0.0361 0.0228 .0001 .0000 .0001
50214M001 CHRISTCHURCH GNSS MQZIG =45B0569.617 590465.621 =4384380.006 0.001 0.001 0.001 1 00:000:00000 01:246:00000
S0214M0O017 = 0165 0. .n361 0. .nN228 anni noan noni
dANote multiple coordinates for’some
In time series possibly due to earthquake jolts
http:// itrf.ign.fr/ITRF_solutiod008/doc/ITRF2008_GNSS.SSC.txtt, = 2005.0 for ITRF200




Major plate boundaries are

shown in green 5:2 cmfy Zuheir Altamimi

VLBI SLR

F
v
’

DORIS Vector Tie

Updated by ITRF2014

http://itrf.ensg.ign.fr




ITRFyy... 2000, 2005, 2008, 2014

A Each successive realisation of the ITRS is an improvement in
accuracy (of positions & motions), but ITRS axes DO NOT move

wtdeep mantl e (fthegda)y e bDwatsurfdzd
tectonic plates

A Stn coordinate can be transformed into other ITRFyy realisations
using a 7-parameter similarity transformation model at the same
epoch in time, e.g. ITRF92 to ITRF97, ITRF2005 to ITRF2008...
otherwise difference in epoch must also be taken into account

A Crustal motion is accounted for through stn velocities, and may
reach over 10cm/yr

A Earthquake jolts lead to new station coords & velocities

A Station coords in an ITRFyy system are propagated forward (or
backward) in time using the station velocities, e.g. 1994 to 2014,
taking care if there were stationcoordinj umps o due t o

A ITRFyy is determined by the IERS using mainly observations from
t he | GS060s GN$&®/wwe.tgsvarg),lplus(SLR, VLBI &
DORIS results from the other IAG services

A Epoch of definition of station coords for ITRF2014 is 2010.0



Further Remarks re ITRFyy, WGS84...

A ECEF datums are products of the Space Age

A ITRS is the ECEF datum with the highest accuracy...
ITRF2008 is the current reference frame (coord epoch 2005.0)

A ITRF2014 was released 21 January 2016

A ITRFyy realisations consist of coordinates and velocities of
globally distributed fundamental geodetic stations... most of
which are GNSS CORS operated by the IGS

A WGS84 is the datum for GPS... now equivalent to ITRFyy

A Transformation models between ITRFyy, WGS84 and many
national datums are available

A ITRF2008 & WGS84 model tectonic motion by linear
velocities... but not ITRF2014

A ITRFyy coords are obtained for the current date (e.g. using
epoch coords + velocity propagation)

A National datums do not accommodate time-varying coords...
t hey are t yfpiixcead d yf rAapnh-estivedentn o
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ITRFyy... some more comments

A ITRF is getting more accurate due to addition of
more data since last update, better models &
processing software, and archive of past data

A ITRF degrades with time since date of computation
pecause assumption of linear (for pre-ITRF2014)
or non-linear modelled (ITRF2014) station
velocities may not be correct, and earthquakes

cause Ajumpso I n station
A Similar comments re national datums, irrespective
of whether datum I s ndyn

% Land Information £eica .
Sponsors: _‘, New Zealand @,’Tﬂmblex
Geosystems
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I WGS 84 (G1674) is aligned to ITRF2008 with the same epoch of 2005.0. IThe purpose of this
alignment is fo ensure scientific integrity and follow best practices. 1Lhe ITRF incorporates
multiple methods to realize the reference system such as satellite laser ranging and very-long-
baseline interferometry that NGA does not include. Adjusting WGS 84 to ITRF allows the
reference frame to take advantage of those methods without directly incorporating them into the
coordinate determination software.

Relationship with other reference systems:

Transformation Parameters

The parameters are deﬁnedlﬁ'ﬂm the listed reference frame to WGS 84 (G1674) at epoch 2005.0, I

Reference Frame Ty Tz D Rx Ry Rz
(reference frame epoch) (mum) (mm) (ppb) (mas) | (mas) (mas)
(sigma) | (sigma) | (sigma) | (sigma) | (sigma) | (sigma) | (sigma)
WGS 84 (G1150)# -4.7 11.9 15.6 4.72 -0.52 -0.01 -0.19
(2001.0) 5.9 5.9 5.9 0.92 0.24 0.24 0.22
ITRF2008* 0 0 0 0 0 0 0
(2005.0)

# The sign convention for the rotations Rx, Ry, and Rz is what NGA uses in its orbit comparison
programs and is opposite to that of IERS Technical Note No. 36, Equation 4.3 and following.

*Zero by construction.




Everything Is moving... e.g. after an earthquake
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But the station velocity may be uncertain...
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Time series for ANTC.

2004 2006
Rate 10.529 +- 0.126 mm/yr
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Rate —1.484 +— 0.414 mm/yr
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A ITRF2014 Network
A Modelling of non-linear station motions
I Periodic signals: annual, semi-annual
I Post-Seismic Deformation (PSD)
I Using ITRF2014 PSD models
A ITRF2014 horizontal & vertical velocity fields
A ITRF2014 to ITRF2008 transformation
"%, Land Information v , . ial: i imi
sponsars: (U i iiond " S8 o Trimble, o TREOL AL Zuber Alamini ol



ITRF2014 Construction

Long-term Solutions

| Step 1

Combination

Step 2

/ Velocity equality / gRE _s,g«igﬁcations
~ ~— — Scale SLR & VLB
ITRF Orientation: Alignment

at co-location sites

V EOP to previous ITRF
, S
ITRF2014 material: Zuheir Altamimi, Paul
Rebischung, Laurent Métivier, Xavier Collilieux
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ITRF2014: Input data

Service/Technigue [Numberof Solutions

IGSIGNSS /714daily 19940¢ 20151

IVS/VLBI 5328daily 19800 ¢ 20150

ILRS/SLR 244 fortnightly 19800¢ 19930
1147weekly 19930¢ 20150

IDS/DORIS 1140 weekly 19930¢ 20150

2% Land Information -
eLca i =
New Zealand L—/ & Trimble.

Sponsors: [
Toita te whenua Geosystems
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ITRF2014: Some statistics
A 1499 stations locateth 975 sites

A 91 colocationsites with2 ormoreinstrumentswhich were or
arecurrently operating

A ThelGS networks playing a major role connecting tBeother

technigues:
i 33 SLR
i 40 VLBI
i 46 DORIS
Sponsors: (Y] hins ltermation feica g primble “

Toita te whenua Geosystems
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SLR Sites | ITRF2014 sites
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- o RS o
*.,., ‘Q ' ?” & k4 . &
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*
*
A °
n° 0"
o o

-90 g0
YrVLBl ¢SLR «GNSS ODORIS

2%, Land Information - . . -
N £eu;a G _ITRF2014 material: Zuheir Altamimi, Paul
Sponsors: “z-il_/ New Zealand Govarstons ©-Trimble. Rebischung, Laurent Métivier, Xavier Collilieux
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GNSS Sites

ITRF2014 sites
#03
.-I."‘-
Site # K SN
LS T B
696 % .. Y
188 e
t:.i ";..

884 sites - "
1054 stations i
1882 discontinuities

-80

==To
Y7 VLBl SLR «GNSS ODORIS
Sponsors: [ ;

Land Information
New Zealand
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e & Trimble.
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ITRF2014 material: Zuheir Altamimi, Paul
Rebischung, Laurent Métivier, Xavier Collilieux
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Periodic Signals -] w
A Loading effects: M [ '
i Atmosphere ;g ﬂ
i Terrestrial water (Hydrology) ] 0P ()
I Ocean Clrculatlon - 2007 EDIUB QIJID‘E! QIJI1IJ 20I11 20I12 20I13 2[]I14 2[;15

==> Annual, semi-annual, inter-annual, but also short periods (e.g.
daily) variations

A Technique systematic errors, e.g. GPS draconitic year
(351.4 days i period for repeat of GPS/Sun orientation,
due to 14.1Ayr satellite RA drift) and its harmonics

: "% Land Information a‘i 1 . ITRF2014 material: Zuheir Altamimi, Paul
Sponsors: [ #l New Zealand eLca @:Trlmble‘., lal: Zuhel imi, Pau

s Geosystems Rebischung, Laurent Métivier, Xavier Collilieux




Periodic Signhals

Annual & semi-annual terms
estimated, using:

" f
AXy = Zai cos(wit) + b’ sin(w;t)

1=1

AXf total sum of all frequencies

’nf number of frequencies
2
T3

Ti Ith period of frequency |

==> 6 components per station & per frequency, i.e. a&b
following the three axis X, Y, Z
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Periodic Signals

[
-

~)
NZIS un-GGim-apP

North (mm)

After application of annual & semi-
annual estimated model parameters

East (mm)

Removing draconitics In
addition to annual and
semi-annual periods has no
Impact on site velocities

Up (mm)

Land Information - . . o
£eu;a G ITRF2014 material: Zuheir Altamimi, Paul
New Zealand & Trimble. Rebischung, Laurent Métivier, Xavier Collilieux
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Impact of Estimating Seasonal Signals

A Negligible impact on horizontal velocities

A Up to Imml/yr change in vertical velocities, for stations with
large seasonal signals, large number of discontinuities,
or/and data gaps in time series
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Vertical velocity differences (standard - seasonals estimated)

ITRF2014 material: Zuheir Altamimi, Paul
Rebischung, Laurent Métivier, Xavier Collilieux
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Post-Seismic Deformations & ITRF2014
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Post-Seismic Deformations

A Fitting parametric models using GNSS/GPS data
I at major GNSS/GPS Earthquake sites

i apply these models to the 3 other technigues at co-location EQ
sites

500
450 +
400
350 +

300 4
250

A Parametric models: k/w :
; 50 - i Earthquake :
—

I Logarithmic 50

i Exponential

.I. Log + EXp 19{95 19?93 20?01 2ofo4 2ufn? 2010 2013
I Two EXxp

Postseismic deformation

"%, Land Information - . . .
. AR £e¢ca G _ITRF2014 material: Zuheir Altamimi, Paul
Sponsors: {-_l/ New Zealand Govaratoms ©-Trimble. Rebischung, Laurent Métivier, Xavier Collilieux
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PSD Correction Regularisedlinear model) Position (ITRF2014)

|
24 i
20 1 i
16 - M i

12 A -

; 0X psd )71

| | | | | | |
1995 1998 2001 2004 2007 /2010 2013 2016

Observed Position

%, Land Information - . . _
N £e¢ca G _ITRF2014 material: Zuheir Altamimi, Paul
Sponsors: {—1/ New Zealand Govaratoms ©-Trimble. Rebischung, Laurent Métivier, Xavier Collilieux
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Using ITRF2014 PSD Models?

Regularisedlinear model) Position (ITRF2014)
Xpsp(t) =X (to) + X(t — to)(t)

" t—t e
=Y  Allog(1 4 ?5 Ac(1—e 7
D > Ajlog(1+ — (£ B4 )

| ocal Frame

PSD Subroutines available at ITRF2014 Web site:
http://itrf.ign.fr/ITRF_solutions/2014/

"%, Land Information - . . -
y | faca G _ITRF2014 material: Zuheir Altamimi, Paul
Sponsors: #_‘7,_!/ New Zealand Govaratoms ©-Trimble. Rebischung, Laurent Métivier, Xavier Collilieux
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subroutine parametric {modn,dtg,al,tl,az2,t2,d)
Author: Buheir Altamimi {zuheir.altamimiBign.fr}), IGH France
Last updated: Rugust 17, 2015

implicit none
Compute the post-seismic deformation/correction "d

# Model doubleprecision dbg,al,tl,aZ,t2,tel, te?, d
0 PWL (Piece-Wise Linear Function} integer modn
1 Logarithmic Function
2 Exponential Functicn d = 0.d40
3 Logarithmic + Exponential
4 Two Exponential Functions if {modn.eq.0) return
IM: if (modn.eg.l) then
modn: model # d = al*dlog( 1+ dtg/tl)
dtg : time difference (t - t_Earthguake) in decima return
al: amplitude 1 of the parametric model, if modn = end if
az: amplitude Z of the parametric model, i1f modn =
tl: relaxation time 1, if modn = 1 or 2 (or 3 or 4 if {modn.eg.2) then
t2: relawxtaion time 2, if modn = 3 or 4 tel = dtg/tl
d = al+*(l-dexp(-tel))

ouT: return
d: post-seismic correction end if
Units: - mm for al, aZ, d if {modn.eq.3) then

- year for tl, t2 te2 = dtg/t2

d = al*dlog{ 1+ dtg/tl) + aZ*{l-dexp(-tel))

Hote: Time unit iz decimal wyear. It iz advised to . return
(MJD - MJD Earthguake)/365.25 where MJID is the mod end if

if (modn.eg.4) then

tel = dtg/tl

te2 = dtg/t2

d = al*{l-dexp(-tel)) + al*|{l-dexp(-ted)]
return
end iLf

end



GPS/GNSS
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ITRF2014 material: Zuheir Altamimi, Paul

Rebischung, Laurent Métivier, Xavier Collilieux



Bluff

East (cm)

North (cm)

Up (cm)

(New Zealand) Trajectory

BLUF_50234MO001 trajectory

' Trajectory: Blue: Raw, Green: Linear, Red: PSD model

Vertical gray lines represent discontinuities

ITRF2014 material: Zuheir Altamimi, Paul
Rebischung, Laurent Métivier, Xavier Collilieux
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ITRF2014 Frame Specification

A Origin: SLR: Zero translation or
translation rate between ITRF2014
and SLR frame

A Scale: Arithmetic average of VLBI &

SLR intrinsic scales: Zero scale or T ——
scale rate between ITRF2014 & the N YRt
VLBI & SLR average ; o s

A Orientation: Zero rotation and rotatibn
rate wrt ITRF2008, using 127 RF
stations:

"%, Land Information £eica .
vl New Zealand @:Trlmble‘.,

i ;
Toita te whenua Geosystems

Sponsors:



ITRF2014: Horizontal Velocity Field

ITRF2014 material: Zuheir Altamimi, Paul
Rebischung, Laurent Métivier, Xavier Collilieux



ITRF2014: Vertical Velocity Fi

ITRF2014 vertical velocities
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ITRF2014 material: Zuheir Altamimi, Paul
Rebischung, Laurent Métivier, Xavier Collilieux



ITRF2014 Co-locations
(VLBI & SLR, co-located with GNSS)

VLBl ¢SLR

ITRF2014 material: Zuheir Altamimi, Paul
Rebischung, Laurent Métivier, Xavier Collilieux



ITRF2014 Co-locations
(VLBI, SLR & DORIS, co-located with GNSS)

0

s VLBI ¢ SLR ODORIS

ITRF2014 material: Zuheir Altamimi, Paul
Rebischung, Laurent Métivier, Xavier Collilieux



From ITRF2014 to ITRF2008

Using 127 stations

Offset -0.01 2010.0
= 10.2 10.1 10.1 +0.02

Rate 0.1 0.0 -0.1 0.03 -

* +0.2 +0.1 +0.1 +0.02

ITRF2014 - ITRF2008 RF Sites

ITRF2014 material: Zuheir Altamimi, Paul
Rebischung, Laurent Métivier, Xavier Collilieux
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Concluding Remarks

A ITRF2014 innovations:

A Estimating seasonal signals (improves ITRF combination)
I No significant impact on horizontal velocities
I Up to Imm/yr impact on vertical velocities for some stations
I Not part of ITRF2014 product, just used for internal processing
A Precise modelling of Post-Seismic Deformations

I Part of the ITRF2014 product, and used to compute site
ITRF2014 coordinate at different epochs

A Transformation parameters between ITRF2014 & ITRF2008
are small

"%, Land Information - . . .
y fm G _ITRF2014 material: Zuheir Altamimi, Paul
Sponsors: & New Zealand Govaratoms ©-Trimble. Rebischung, Laurent Métivier, Xavier Collilieux




A Joint production of the
IAG & FIG

A Based on experience of
several RFIP workshops

A Released at FIG
Congress, KL, Malaysia,
16-21 June 2014

A Available from

http://www.fig.net/pub/fig
pub/pub64/Figpub64.pdf

Commission 5 Working Group 5.2 Reference Frames

May 2014

INTERNATIONAL FEDERATON
SURVEYORS (FG)
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GNSS, Modern Geodesy & Reference
Frames
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Access & Alignment to the ITRF

A Direct use of ITRF coordir e
, ‘O_\Oas

of the observations
A Using minimum constraints approach

"%, Land Information £eica .
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Differential positioning (CPH)

CORS Network

A N

—— &

3| CORS PR/CPH
. gy data... Real-time or
Rl post-processing




Precise Point Positioning (PPP)
?&
¥

|V,

Other models
& files

\Precise GNSS Satellite Orbit &
Clock Correction streams
(Real-time link, via Satcom or
Internet, or post-processing)




GNSS Web

A LINZ http://www.linz.govt.nz/positionzpp
A NGS http://www.ngs.noaa.gov/OPUS/
A Geoscience Australia http://www.ga.gov.au/scientific-

topics/positioning-navigation/geodesy/auspos/

A Trimble http://www.trimblertx.com/

A UNB http://gaps.gge.unb.ca/

Pr ocess.|

A JPL http://apps.gdgps.net/apps_file_upload.php

A NRCAN http://www.nrcan.gc.ca/earth-
sciences/geomatics/geodetic-reference-systems/tools-
appllcatlons/10925#ppp

A G M Web-based online
A SO post-processing service
¢ ) Submit data (RNEX format =t
GPS antenna ﬂ using upload or fip ARy roport
andrecetver //f\ :> 5 |
,“," | ll“‘
/I 1\ ' @ e-maltem
‘ {f"'yv ()
web page / fip site

Collect raw GPS data

Coordinates and
Standard Deviations

nge



FIG/IAG/UN-GGIM- AP/UN-ICG/NZIS Technical Seminar
Reference Frame in Practice
Christchurch, New Zealand, 1-2 May 2016
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automated service that processes GNSS data to ontain NZGD2000

coordinates.

t creates time savings for surveyors by providing highly accurate

positioning information based on LINZ's national network of pd's I .t | O N Z
-

continuously operating reference Global Navigational Satellite
Systems (GNS55) stations. It means users do not need their o

specialised GNSS nrncaes: me
ITRF coords based on |GS fra

tion epocn...
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rsc\(’?'\ona\) datum NZGD2000 (@ 200
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4+ Topic Home

o Astronomical Information

Geodesy and Global
Mavigation Systems

Basics
Geodetic Technigues

Global Navigation Satellite

: System MNetworks

Geodetic Datums
Regulation 13 Certificates

Asia-Pacific Reference Frame

- AUSPOS - Online GPS

Processing Service

o Step by Step

o Introduction

o RIMEX Data

o How it works

o Understanding the Results
o GPS Antennas

Trouble Shooting

Home @ AboutlUs ContactUs @ Jobs

Earth Monitoring and Reference Systems

Home » Earth Monitoring and Reference Systems ¥ Geodesy and Global Mavigation Systems » AUSPOS -
Online GPS Processing Service ¥

AUSPOS - Online GPS Processing Service

AUSPOS is a free online GPS data processing facility provided by Geoscience Australia

AUSPOS takes advantage of both The IGS Stations Network and the IGS product range

AUSPOS works with data collected anywhere on Earth

Users submit their dual frequency geodetic guality GPS RINEX data observed in a 'static' mode to
the GPS data processing system

+ An AUSPOS report will be emailed to vou {often in less than 5 mins) containing Geocentric Datum
of Australia 1994 (GDAS4) and International Terrestrial Reference Frame (ITRF) coordinates

L

AUSPOS Submission Checklist
Before submitting vour GPS RINEX file/s, please ensure;

The GPS RINEX filefs contains more than one hour (preferably two) of GPS data
The GPS RINEX file/s do not contain any data from the current UT day

The GPS RINEX file/s do not contain more than seven days of data

The GPS RINEX file/s names do not contain spaces

When submitting multiple files, ensure the first four characters / numbers of the file
names are not the same

You have used the IGS naming convention for the antenna type (refer the National
Geodetic Survey (NGS) for more information)

7. The antenna height provided is the vertical distance from the ground mark to the
Antenna Reference Point (ARP)

L o

o




4 | owww.ga.gov.au

TN e

AUSPOS

+ Topic Home o o
Home 3P Earth Monitoring and Reference Systems » Geodesy and Global Navigation Systems 3

Astronomical Information AUSPOS - Online GPS Processing ¥
Geodesy and Global
Navigation Systems Number of RINEX files | = Submit RINEX using (=jupload (ftp
Basics File Name Height {m) Antenna Type
| Choose File | no file selected 0.0000 [ DEFALLT{NONE) -

Geodetic Techniques

Your Email Address:
Gobal Navigation Satellite
System Metworks



OPUS: the Online Positioning User Service, process your GMNSS data in the National Spatial Reference System

OPUS Menu

Upload

about OPUS
Uploading
Processing
Accuracy
Solution formats
Error messages
FAQs
Publis hing
Release Notes

Projects B}
Published Solutions

Contact OPUS

c_rizos on Twitter Time Scale Apple NRL
= Y

@ WWW.Nngs. noaa.gov/ OF

UNSW-CVEN * Catalogues ¥ Google Maps UNSW ™ Geodesy ™

OPUS: Online Positioning User Service

Mational Geodetic Survey

r
&

9 Reacer

Wikipedia b

o ey | e | v | o |

website upgrade expected late Wednesday 19 June

0 Improved page layout & link to prior frame on published solutions. Enjoy, and please report any Issues.

What is OPUS?

This Online Paositioning User Service provides simple access to
high-accuracy Mational Spatial Reference System (NSRS)
coordinates. Upload a data file collected with a survey-grade
GPS receiver and obtain an NSRS position via email.

your
GPS data

FI

Cnlime Positioning User Service

OPUS

DPUS requires minimal user input and uses software which
computes coordinates for NGS' Continuously Operating
Reference Station (CORS) network. The resulting positions are
accurate and consistent with other NSRS users.

\ geodesy. noaa. goviOPLS,

[FI"&&.. fasl, gasy, consistent G‘Ml'ﬂﬂ‘!is

geodetic
standard data

IG5 & HGS base stations

& site Information files
1G5 antenna callbrations

& satellite orbits

& reference frames
UNAVCO teqe converter
PAGES baseling procesgor

var. geophysical models
HGE geodetic toalkit

ﬁ%

Your solution is sent privately via email, and, if you choose, can
also be shared publicly via the NGS website. To use properly,
please familiarize yvourself with the information below.

-

your R uD;_
- . ti : =
) solution  OPUONS: ol
See also OPUS one-pager and observer field log. mark deseription : E:“gﬁ::f_nﬂg o it
: ing - :

Upload
Using OPUS requires just five simple steps:

Data File of dual-frequency GPS (L1/L2) fulllwavelength carrier observables:

m Static data only; the antenna must remain unmoved throughout the observing session.

15-minutes of data ar mare, up to 48-hours, but not crossing UTC midnight mare than once.

Files under 2 hours, processed as rapid-static, must include the P2 and either P1 or C1 observables.
GLONASS or Galileo observables may be included; though anly the GPS are used.
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top *
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+ & www.ngs.noaa.gov

[I] == Search DuckDuckGo HERE - Maps c_rizos on Twitter Apple NRL UNSW-SAGE ™ UNSW-CVEN ¥ Google Maps UN

OPUS: Online Positioning User Service

| A | ooy | o | S | e

Mational Geodetic Survey

Upload your data file. e
et | Solve your GPS position & tie it to the National Spati=*~ E .‘( am
W ' Choose File |no file s- “ \G
. - T sed O
. g D>~

o customize your solution,

Upload to Rapid-5tatic Upload to Static
for data 15 min. - 2 hrs. for data 2 hrs. - 48 hrs.



lTools and Applications | Matural Resources Canada
- 4 | o www.onrcan.go.ca ¢

[I] =% Search DuckDuckGo HERE - Maps c_rizos on Twitter Apple NRL UNSW-SAGE~™ UNSW-CVEN ¥ Google Maps UNSW ¥ Geodesy ¥ Wikipedia

www.nrcan.gc.ca - Google 8% | Tools and Applications | Natural Resources Canada | +

Government  Gouvernement ) )
I*I of Canada  du Canada Canada.ca | Services | Departments | Frangais

Natural Resources C ana dﬁ

Canada

Energy - Mining/Materials Forests - Earth Sclences - Hazards- Explosives- The North- Environment

Home > Earth Sciences » Geomatics » Geodetic Reference Systems » Tools and Applications

Tools and Applications

Sciences Matural Resources Canada's Canadian Geodetic Survey (CGS) provides several geodetic tools and their

Geomatics corresponding desktop applications, enabling accurate positioning, heights and coordinates

Canada Lands Surveys transformations.

Geodetic Reference Systems The Canadian Spatial Reference System (CSRS) Precise Point Positioning (PPP) tool allows the
The Canadian Spatial computation of higher accuracy p_:asitiﬂns _uf rcT:w GlD!:rEll MNavigation Satfallite_System (GNSS) data, the
Reference System (CSRS) GPS-H tool performs the conversion of ellipsoidal heights to orthometric heights, the TRX tool performs
transformation of coordinates, INDIR does geodetic Direct {computes the geographic coordinates of the
end point) or Inverse (computes distance and azimuth between two points) computations and finally, the
MNTvZ tool allows for the transformation of coordinates between the North American Datums (NAD) of 1927

and 1983 reference systems. Note that the GSRUG and TRNOBS applications have been discontinued and
CSRS Publications replaced by TRX.

Federal Programs
Table of contents
Data

Tools and Applications | @ CSRS-PPP

Height Reference System
Modernization

Geodesy for Geoscience
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Applications CSRS-PPP

Satellite Imagery and

Air Photos %SRS-PPP is an online application for GN55 data post-processing

,__,{'.é'_#’ Zallowing users to compute higher accuracy positions from their raw

Canada's Spatial Data
Infrastructure

Geography

Earth Sciences
Resources

. Enter email address to which the processing results will be sent
2. Select the processing mode: static or kinematic
3. Select the reference frame of the output coordinates: NADS3 or ITRF

¢ If NADB3 is the selected reference frame, choose an epoch (see Epochs)

Assuming you have created a valid RINEX observation file from your raw
GMNSS observation data:






