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Objectives 

 

To learn about: 

 

 Drivers for regional and global approaches to geodesy 

 The Asia Pacific Reference Frame (APREF) 

 APREF products and services 

 The benefits of participating in APREF 

 Practical advice on how to participate in APREF 

Who to contact for more information on APREF 

 



Precise 
coordinates for 

and by the masses  
(no monopoly for 

surveyors 
anymore) 

The Changing World of Geospatial 



The Changing World of Geospatial 

Cheaper 
geodetic 
receivers 



The Changing World of Geospatial 

 
 
 
 

Fewer Surveyors 
 



Big data 

The Changing World of Geospatial 

Data poor                                                                          Data rich 



Automated mines, 
driverless cars, 

UAVs 

The Changing World of Geospatial 

Precision positioning 
will contribute 2.1% 

of Australia’s  
GDP by 2030 



The Changing World of Geospatial 

User expectation 
of seamless 

interconnection 
in 3D 



The Changing World of Geospatial 

Recognising that 
the Earth is 

dynamic 

From: Kreemer et al 2006  



The Changing World of Geospatial 

 

ITRF Today 
 

ITRF@2018 
 

Nation Datum 
 

User-centric view of datum  
 why can’t you provide your data in my datum! 

WGS84 
 



Underpins the understanding of the Earth System 



Understanding the Earth System 

© 2011 The Pennsylvania State University  



Understanding the Earth System 



Crustal Strain and Earthquakes: Asia Pacific 

 



 

ITRF underpins all satellite positioning technology which is a key 

enabler of spatial data interoperability 

ITRF is the global ‘standard’ 

 

International Terrestrial Reference Frame (ITRF) 



Global Efforts 

The concept of a global geodetic questionnaire arose 
from the Second Session of the United Nations 
Committee of Experts on Global Information Management 
in New York in August, 2012 

Questionnaire format and content discussed after the 
United Nations Regional Cartographic Conference 
(UNRCC) forum in Bangkok, October 2012 

Questionnaire distributed globally in December 2012 by 
the UN 

100 responses received by June 2013 

 

 



Global Questionnaire Key Findings 

 

 88% of responses indicated that the data, products and 

services of the international global geodetic community (e.g. 

ITRF, IGS orbits,…) were either critical or had high 

importance in their country 

 80% of all responding countries use the International 

Terrestrial Reference Frame (ITRF) to underpin their national 

coordinate datum 

 

 

 



Global Efforts Next Steps 

 

UNGGIM Committee of Experts will recommend at its Cambridge 

Meeting in July 2013 that a Working Group be setup to draft the 

text of a United Nations General Assembly Resolution that 

 Acknowledges the role and importance of the ITRF 

 Encourages investment in infrastructure 

 Encourages international data sharing 

 

 

See http://ggim.un.org/ggim_committee.html 

http://ggim.un.org/ggim_committee.html


ITRF = APREF, AFREP, EURREF, NAREF SIRGAS,… 

 

Regional Reference Frame Densification 



Access to high quality 
positioning infrastructure is 
essential for effective 
competition with the other 
regions, including Europe and 
the Americas 

Coordination of regional 
geodetic activities not well 
developed in the AP 

 

 

Asia Pacific Reference Frame 



Asia Pacific Reference Frame 

 

 

Open to all organisations (government, research, private) 

involved with CORS data collection and/or analysis 

 

APREF encourages those organizations who are prepared 

to participate on an ongoing basis (at least two years) 

 

GNSS CORS stations data;  

Provide access and on-line archiving of APREF data and 

products for users; and/or  

Routinely analyse some, or all, of the APREF GNSS 

CORS data 

 



Improving Access to the ITRF: Asia Pacific 
 

Annual APRGP 

GNSS Campaigns 
 Asia Pacific Reference 

Frame (APREF) 

• PCGIAP effort 

• Annual week long GPS 
campaign 1997,…,2012 

• Provides access to ITRF 

• Recognises not all member 
countries can operate CORS 
networks and contribute to 
APREF 

• Joint UNGGIM-AP (formerly the 
PCGIAP) and IAG effort 
supported by FIG, ICG 

• Continuous, low-latency 
analysis of CORS networks 

• Provides access to ITRF, 
coordinate time series, station 
velocities and network 
monitoring 

• Commenced March 2010 

 

 

 

 



APREF: Objectives 

 

 Create and maintain an accurate and densely realised 

geodetic framework, based on continuous observation 

and analysis of GNSS data 

 Encourage regional data sharing of GNSS CORS data 

and its analysis 

 

  



Benefits of APREF Participation 

 

 Improved and continuous link between national datums 

and CORS networks to the ITRF 

 Contribute to a open and dense ITRF network in Asia 

and the Pacific 

 Independent quality monitoring 

 Improved access to GNSS data 

 Providing an opportunity and a forum towards improving 

the regional geodetic infrastructure 

  



Asia Pacific Reference Frame Data Flow 

CORS Networks APREF CB APREF ACs 

Users 

APREF CB 

Daily 

RINEX 

Daily 

RINEX 

Daily 

RINEX 

SINEX 



APREF status as of June 2013  

 Data from 33 countries 

 16 national agencies participating 

 3 local analysis centres 

 2 universities participating 

 ~ 400 Asia Pacific stations now available 

 ~ 500 stations routinely analysed 



APREF status as of June 2013  



How the APREF Frame is Derived 

Independent 

SINEX  

Solutions (Bernese and 

other GPS software)  

CATREF 

software 

APREF  

combined  

solution 

ITRF2008 (IGb08) 

Geoscience Australia (AUS) 

Curtin Uni. (CUT) 

Victoria DSE (VIC) 



APREF Solution Quality – Internal Consistency 

 

Mean Weighted RMS with respect to the Combined Solution 

 

Solution North (mm) East (mm) Up (mm) 

Geoscience  

Australia 
0.1 0.1 0.3 

Curtin  

University 
1.1 1.2 3.2 

DSE 

Victoria 
0.7 1.0 3.0 



APREF Products 

Official APREF product  

• Weekly combination from GA (Central Bureau)  

– Local AC’s are GA, CUT and DSE 

– Aligned and minimally constrained to IGS08  

– ~4 week latency 

• Cumulative velocity field  

GA weekly solution 

• Minimally constrained to IGS08 

• ~2 week latency 

GA daily solutions  

• Final ~2 week latency  

• Rapid ~2 days latency 

• Suitable for network monitoring, research purposes and advanced users 



APREF Website 



Where to Find APREF Data and Products 

• Daily GNSS RINEX data with a delay of 24 hr after 

observation, see: 

   ftp://ftp.ga.gov.au/geodesy-outgoing/gnss/data/daily/ 

 

• Station log files, see: 

 ftp://ftp.ga.gov.au/geodesy-outgoing/gnss/logs/ 

APREF data and products are provided with an open access data 

policy via the internet following the practice of the IGS.  

ftp://ftp.ga.gov.au/geodesy-outgoing/gnss/data/daily/
ftp://ftp.ga.gov.au/geodesy-outgoing/gnss/data/daily/
ftp://ftp.ga.gov.au/geodesy-outgoing/gnss/data/daily/
ftp://ftp.ga.gov.au/geodesy-outgoing/gnss/logs/
ftp://ftp.ga.gov.au/geodesy-outgoing/gnss/logs/
ftp://ftp.ga.gov.au/geodesy-outgoing/gnss/logs/


APREF Weekly SINEX file (i.e. coordinates) 



Weekly Station Coordinate and Performance 

Weekly station performance Weekly station coordinates 



Example Coordinate Time Series: Townsville 



Example Coordinate Time Series: Hsinchu, Taiwan 



APREF Crustal Velocity Field 



Station MQZG event 1: 

03-Sep-10 

Christchurch 

earthquake (7.1) 

Event 2: 22-Feb-11 

Christchurch 

earthquake (6.3) 

APREF Services and Applications 

 Science applications, e.g., hazard assessment, sea-level 
change, crustal dynamics 



How Do I Contribute CORS data into APREF 

 

Do I have a permanent GNSS station? 

Is my agency willing to share its data (30 sec, daily RINEX) 

Can I do this automatically everyday? 

Does it meet the IGS or APREF standards? Check 

 IGS: 

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

 APREF:  

https://www.ga.gov.au/products/servlet/controller?event=GEO

CAT_DETAILS&catno=72803 

 

  

http://igscb.jpl.nasa.gov/network/guidelines/guidelines.html
http://igscb.jpl.nasa.gov/network/guidelines/guidelines.html
http://igscb.jpl.nasa.gov/network/guidelines/guidelines.html
http://igscb.jpl.nasa.gov/network/guidelines/guidelines.html
https://www.ga.gov.au/products/servlet/controller?event=GEOCAT_DETAILS&catno=72803
https://www.ga.gov.au/products/servlet/controller?event=GEOCAT_DETAILS&catno=72803
https://www.ga.gov.au/products/servlet/controller?event=GEOCAT_DETAILS&catno=72803
https://www.ga.gov.au/products/servlet/controller?event=GEOCAT_DETAILS&catno=72803


How Do I Contribute CORS data into APREF 

 

Do I have a Station Log File for this GNSS station? e.g., 

 

 

 

Can I commit to notifying the APREF CB every time the Station 

Log File for this GNSS station changes?  

 



How Do I Contribute CORS data into APREF 

 

Send an email to geodesy@ga.gov.au with the subject heading 

“Proposed APREF CORS”, in this email include:  

   the proposed 4-character site 

   photographs of the proposed site 

   a completed site log-file 

   a link to some sample data from the site 



How to participate in APREF: Analysis 

 

APREF Analysis standards 

 use scientific software packages (e.g., Bernese, GAMIT, 

GIPSY) 

 conforms to the IERS 2010 conventions 

 contributed solutions in the SINEX format 



Linking ITRF/APREF to national datum 

 Example: Australia 



Geocentric Datum of Australia 



Seven Parameter Transformation: ITRFGDA94 



Fourteen Parameter Transformation: ITRFGDA94 



Fourteen Parameter Transformation: ITRFGDA94 

Current differences between ITRF and GDA is approximately 1.4 metres 

 

These transformation parameter can model that difference with an uncertainty 

of 1 to 2 cm. 



Fourteen Parameter Transformation: ITRFGDA94 

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



APREF and AUSPOS  

 Improving online positioning   



Insert Title Here <view/master/slidemaster> 

AUSPOS History 

 First version of AUSPOS was developed in 2001 

 200,000 data files processed  

 Since 2011 all APREF stations have been used in AUSPOS 

Australia users World users 



Requirements 

 Dual frequency code and phase observations (L1 and L2) 

 

 1 hour  1 week static GPS data 

 

Users need to wait several hours for data submission after data 

collection, it’s better after the end of UTC day so that reference 

sites data is available 

For more details see: 

http://www.ga.gov.au/earth-monitoring/geodesy/auspos-online-

gps-processing-service.html 

 

http://www.ga.gov.au/earth-monitoring/geodesy/auspos-online-gps-processing-service.html
http://www.ga.gov.au/earth-monitoring/geodesy/auspos-online-gps-processing-service.html
http://www.ga.gov.au/earth-monitoring/geodesy/auspos-online-gps-processing-service.html
http://www.ga.gov.au/earth-monitoring/geodesy/auspos-online-gps-processing-service.html
http://www.ga.gov.au/earth-monitoring/geodesy/auspos-online-gps-processing-service.html
http://www.ga.gov.au/earth-monitoring/geodesy/auspos-online-gps-processing-service.html
http://www.ga.gov.au/earth-monitoring/geodesy/auspos-online-gps-processing-service.html
http://www.ga.gov.au/earth-monitoring/geodesy/auspos-online-gps-processing-service.html
http://www.ga.gov.au/earth-monitoring/geodesy/auspos-online-gps-processing-service.html
http://www.ga.gov.au/earth-monitoring/geodesy/auspos-online-gps-processing-service.html
http://www.ga.gov.au/earth-monitoring/geodesy/auspos-online-gps-processing-service.html


Requirements 



Limitations 

 

AUSPOS cannot process: 

 Single frequency data 

 Real time and near real time data 

  Kinematic data 

    



Assessment of solution uncertainty 

• averaged uncertainties  

 2 - 8 mm East 

 4 – 17 mm North 

 6 -  25 mm Up  

• ambiguity resolutions 

  66% - 85% vary from 2 hours to 24 
hours data 

• For Australian users uncertainties and 
ambiguity resolutions should be much 
better as more dense reference sites 
available.  
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Things for AUSPOS Users 

• Ensure data collection in a good environment 

• Convert collected raw data into correct RINEX observation data 

(currently RINEX version 2.11) 

• Provide a correct antenna height 

• Select a correct antenna and dome type 



Antenna and dome type 



Data submission 

• Submit your RINEX 2.11 

observation data (eg. 

alic2550.13o) 

• Select correct antenna 

and dome types for your 

data sets  

• DEFAULT (NONE NONE) 

types can cause a more 

than 10 cm error in the 

height component. 

• No any space and () for 

your file name and path. 



Successful submission  



Solution report  

• After data is processed successfully, AUSPOS will email a solution 

report to the user 

 

• Or email an error message to the user if something is wrong  



An example for Australian users 



An example for international users 



Report details for Australian users (1/3) 



Report details for Australian users (2/3) 



Report details for Australian users (3/3) 



Report details for global users (1/2) 



Report details for global users (2/2) 



2013 AUSPOS Use 



 Challenges 

• Issues remain regarding free and open access to 

data for many Asia-Pacific countries 

• Need to identify additional analysis centres 

– limited redundancy with only 3 analysis groups 

– redundancy to offer reliable service and products 

 For more information, APREF Central Bureau 

• www.ga.gov.au/earth-monitoring/geodesy/asia-

pacific-reference-frame.html 

• Email: john.dawson@ga.gov.au 

 

 

 

Final Remarks 
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