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 From 3-D points and surfaces, to 4-D mapping. 

 Increasing time resolution of geodetic measurements & products, 

from 0.1s positions, to daily ERP, to monthly gravity field models. 

 Increasing spatial resolution of geodetic products, from 1m for 

SAR, to 100km for gravity field features. 

 Increasing accuracy, on both short-term and long-term time scales. 

  Increasing reliance on global infrastructure and global services. 

 The importance of international reference frames (& 

modern national datums) with ever greater “fidelity” 

is reaffirmed… 

From Classical to Modern Geodesy 



National Datums & Reference Frames 

 Modern national datums typically are realisations of ITRF (at Ref Epoch). 

 Use GNSS to “connect” to the ITRF (e.g. via nearest IGS stations) or 
regional RF such as APREF (via CORS), etc. 

 WGS84 RF is very “close” (cms) to ITRF… both have 2005.0 Ref Epoch & 
estimated stn velocities, i.e. fixed points really have 4-D coords.  

 Different ITRFs only mm-to-cm differences in 3-D coords… much larger 
crustal motion effect on coords at differing REs (e.g. 2005->2013). 

 National datums may be “frozen” at past epoch (e.g. Australia’s GDA94 
assumes no vels), or are “dynamic” (4-D coords), or regular “update”? 

 GNSS ideal for defining, realising & monitoring national datums… both 
“internally” (e.g. deformation) and “externally” (e.g. wrt ITRF or APREF). 

 “Height datum” must be handled separately as involves gravity field effects...  
although ellipsoidal heights may be better option for many apps. 

 VLBI & SLR are necessary for long-term stability of ITRF… but national (and 
local) datums are principally reliant on GNSS, typically via CORS. 
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Outline … 

• GNSS as Core Geodetic Infrastructure 

• GNSS and the Maintenance of the ITRF 

• Using GNSS to Connect to ITRF via CORS 

Infrastructure 



GNSS as Core Geodetic 

Infrastructure 



 Building Construction 

 Land Surveying 

 Port Operations  

 Geodesy 

Machine Guidance  Precision Agriculture 

 Monitoring  Rapid Mobile Mapping 

Precise Positioning GNSS Applications 

 

• Surveying & mapping 

• Precise kinematic apps, such 
as machine guidance/control 

• Define/monitor datum, 
geodesy apps, etc. 

• Precise georeferencing of 
airborne or terrestrial 
scanning/imaging sensors 



Global/Regional/National CORS Networks  



Multi-Tier Positioning Infrastructure 

(1) Tier 1: IGS-class stations… equipped with MGNSS 

receivers, with best monumentation, co-located with other 

geodetic instrumentation, to maintain ITRF & support 

science. 

(2) Tier 2: primary national geodetic CORS network… MGNSS 

receivers, stable monumentation, providing foundation for 

regional RFs, national datums &positioning infrastructure, 

which can also support geoscience. 

(3) Tier 3: state (or secondary) and private CORS networks… 

COTS GNSS Rxs, supporting real-time or post-survey  

users, as well as other GNSS apps, characterised by ”non-

geodetic” monumentation. 

GNSS CORS (& other) geodetic infrastructure could be 

considered  heirarchical: 



Geodetic CORS Monumentation… Tier 1&2 



GNSS Non-Geodetic CORS Monumentation… Tier 3 



Coping with Multi-GNSS Complexity:  
Some Technical Issues to Consider 

• Ratio of Tier 1 to Tier 2 to Tier 3 CORS, and their 

geographic distribution across a country, or region, or city?… 

need a ”spatial deployment strategy” 

...5-10% T1/T2 to T3? 

• Timeline for the deployment of MGNSS CORS over the 

coming decade? Upgrade cycle?…  

need a ”temporal deployment strategy”. 

...T1/T2 infrequent (datum), T3 more regular (customer 

services) 

 



T 3 

T1/T 2 





IGS Site Guidelines 

• Differentiate between ”strict” and ”recommended” guidelines. 

• Distinguish between different types of IGS network stations, 

e.g. high-rate, timing, TIGA, RT, GLONASS/MGNSS, etc. 

• For Reference Frame sites, special considerations regarding 

instrument changes. 

• Guidelines on documentation, monumentation, antenna 

siting, data transfer & station operations, and more. 

• IGS Site Guidelines can also be used for T2 sites. 

• Download IGS Site Guidelines from: 

http://igs.org/network/guidelines/IGS_Site_Guidelines.pdf 

http://igscb.jpl.nasa.gov/network/guidelines/guidelines.html 



Coping with Multi-GNSS Complexity:  
Some Technical Issues to Consider 

• The minimum specifications of Tier 1, 2 and 3 CORS Rxs 

is a “moving target” as tracking capability will necessarily 

change with time; from current GPS+Glonass, to 

GPS(modernised)+Glonass, GPS(m)+Glonass(m)+BeiDou, 

G+G+Beidou+Galileo+?  
• What are the international standards? RINEX, RTCM, etc. 



http://igs.org 17 

Standards: RINEX 3.02 
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Standards: RINEX 3.02 
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Standards: RINEX 3.02 
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Standards: RINEX 3.02 
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Standards: RINEX 3.02 
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Variety of constellations and signals are tracked, GPS: 
  

  

Signal Tracking by Equipment...agreement? 

JAVAD TRE_G2T DELTA  3.4.7                G:L1C C1C L1W C1W L2X C2X L2W C2W L5X C5X  

JAVAD TRE_G3TH DELTA 3.4.7                G:L1C C1C L1W C1W L2X C2X L2W C2W L5X C5X 

JAVAD TRE_G3TH DELTA 3.5.0                G:L1C C1C L1W C1W L2X C2X L2W C2W L5X C5X  

JAVAD TRE_G3TH DELTA 3.5.1B2 FEB,14,2013  G:L1C C1C L1W C1W L2X C2X L2W C2W L5X C5X 

LEICA GR10           2.62/6.112           G:L1C C1C L2X C2X L2W C2W L5X C5X  

LEICA GR10           3.00/6.113           G:L1C C1C L2S C2S L2W C2W L5Q C5Q 

LEICA GR25           2.62/6.112           G:L1C C1C L2X C2X L2W C2W L5X C5X  

LEICA GR25           3.0                  G:L1C C1C L2S C2SL2W C2W L5Q C5Q  

LEICA GR25           3.00/6.113           G:L1C C1C L2S C2S L2W C2W L5Q C5Q  

LEICA GRX1200+GNSS   -------------------- G:L1C C1C L2X C2X L2W C2W L5X C5X  

NOV OEM6             OEM060100RN0000      G:L1C C1C L2D C2D L5Q C5Q  

SEPT ASTERX3         2.3.4                G:L1C C1C C1W L2L C2L L2W C2W L5Q C5Q  

SEPT POLARX4TR       2.3.4                G:L1C C1C C1W L2L C2L L2W C2W L5Q C5Q  

SEPT POLARX4TR       2.3.4                G:L1C C1C C1W L2L C2L L2W C2W L5Q C5Q  

SEPT POLARXS         2.3.4                G:L1C C1C C1W L2L C2L L2W C2W L5Q C5Q  

TRIMBLE NETR9        4.60                 G:L1C C1C L2X C2X L2W C2W L5X C5X  

TRIMBLE NETR9        4.61                 G:L1C C1C L2X C2X L2W C2W  

TRIMBLE NETR9        4.70                 G:L1C C1C L2X C2X L2W C2W L5X C5X  

TRIMBLE NETR9        4.70                 G:L1C C1C L2X C2X L2W C2W L5X C5X  

TRIMBLE NETR9        4.80                 G:L1C C1C L2X C2X L2W C2W L5X C5X  



GNSS and the Maintenance 

of ITRF 



VLBI SLR GNSS DORIS Vector Tie 

Global Geodetic Reference Frame ITRF 

http://itrf.ensg.ign.fr 

 

ITRF2013 is coming 



ITRF2008 Network 

580 sites (920 stations) 

118 Sites South 



IGS sites with time series < 5 years 

118 sites 



IGS sites with time series between 5-10 years 

138 sites 



IGS sites with time series between 10-18 years 

396 sites 



All IGS sites in ITRF2008  

652 sites 

Want long-term stability... but need “breaks” in 4-D stn 

coords when earthquakes occur... BIG challenge 



Everything is moving!  

 

–Earthquakes 

–Tsunamis 

–Sea-level change 

–Plate motions 

–Local deformation or 

subsidence 

–Solid Earth tides (caused by 

Sun and Moon) 

–Loading phenomena (ice, 

ocean, atmosphere) 

Continuous observation is essential for understanding 



Everything is moving... even after an earthquake 



Regional & National Reference Frames 

• IAG Commission 1 (Reference Frames) ==> Sub-

Commission 1.3 (Regional RFs): 
EUREF/Europe:   ETRS89 

NAREF/North America:  NAD83 

SIRGAS/South America 

AFREF/Africa 

APREF/Asia & Pacific 

SCAR/Antarctica 

• Regional Reference Frames are (should be) related to 

ITRF 

• Many countries have redefined their geodetic datums to be 

compatible/related/aligned to ITRF 

• Not many user datums account for station velocities in a 

rigorous manner 



Using GNSS to Connect to 

ITRF via CORS Infrastructure 



Access & Alignment to the ITRF 

• Direct use of ITRF coordinates 

• Use IGS Products (Orbits, Clocks): all expressed in ITRF 

• Use high precision GNSS techniques 

• Then: 

Process GNSS data together with IGS/ITRF global stations in free 

mode 

Align to ITRF by: 

Constraining station coordinates to ITRF values at the central 

epoch of the observations  

Using minimum constraints approach 



From ITRF to Regional Reference Frames 

Purpose: geo-referencing applications ( ~ cm) 

There are mainly two options to realise a regional RF or 

national datum: 

1. Station positions at a given epoch, eventually 

updated, e.g. North & South Americas 

2. Station positions & minimised velocities, or station 

positions & deformation model, e.g. Europe & NZ 

Case 1 is easy to implement  

Case 2 is more sophisticated & needs application of: 

Transformation formula (ETRS89) 

Deformation model (New Zealand) 



Computing ITRF Coordinates Using GNSS 

• Short-baseline DGNSS techniques, connect to Tier 1/2/3. 

• Scientific software (Bernese, GMAT, Gipsy), long 

observation sessions, long baselines, connect to Tier 1/2. 

• Web-based processing to connect to ITRF (via Tier 1/2 

sites). 

• Precise Point Positioning (PPP), using IGS orbit/clock 

products and special software. 

• Currently real-time processing not used for reference frame 

densification/connection. 

• 3-D coord result at ”observation epoch” (could be start of 

week), so need to transform to standard or datum epoch 

(e.g. 1994.0, 1997.0, 2002.0, 2005.0, 2010.0, etc). 

• ITRF2008 realised by IGS08 frame. 

• ITRF2008 equivalent to WGS84 (same Ref Epoch 2005.0) 



From ITRF to APREF 

Using GNSS to density ITRF at regional & national level 



From ITRF to APREF to GDA 

Using GNSS to density ITRF at regional & national level 



GA’s GNSS CORS 

Stations 

Plus stations in Antarctica 

http://www.ga.gov.au/earth-monitoring/ 

geodesy/gnss-networks.html 



AuScope CORS Infrastructure 



Global CORS Networks  

http://igs.org 













The Value of Reference Frames to Society (1/2) 

• Fundamental geoscience… solid earth geophysics, atmospheric, 

cryospheric & oceanographic processes, hydrology. 

• Global Change studies… climate change (causes & effects), water cycle & 

mass transport changes, sea level rise, mesoscale circulation, GIA, polar 

studies.  

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

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

 Use GNSS to connect to the ITRF 

 Extensive use of IGS products… but careful data processing 
strategies are necessary 



The Value of Reference Frames to Society (2/2) 

• Geohazard research… seismic, volcanic, landslip, storms, sea state, 

flooding, tsunami, space weather.  

• Geodetic reference frames… ITRF, national datums & SDI, gravity, timing. 

• Engineering… precise positioning/navigation, atmospheric sounding, geo-

referencing platforms, operational geodesy, radar & laser imaging/scanning, 

engineering geodesy, surveying. 

 ITRF traceability… “fit for purpose” conditions apply 

 Long-term stability not necessarily important for many applications 

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

 Extensive use of IGS & national/local CORS data… simplified data 
processing tools are often adequate 



Thank You 


