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•  Ex-NASA DSIF51 “Deep Space Instrumentation 
Facility” 

•  NASA moved off-site in June1974 
•  CSIR took over the equipment, used for radio 

astronomy from 1974 and space geodesy since 
1986 

•  Adjacent station was “NASA Minitrack site”, then 
Satellite Application Centre (SAC), now SANSA  
Space Operations 

•  Close co-operation in certain areas 

HartRAO introduction 



 HartRAO history 

  Ex NASA Deep Space Facility 51 (DSF51) 

Ranger 7 1964 
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Space Geodetic Techniques 

•  Very Long Baseline Interferometry (VLBI), radio telescopes, 
provides EOP etc, but low density 

•  Satellite Laser Ranging (SLR), optical telescope equipped with 
laser, calibrates satellite orbits, low density 

•  DORIS, low density, good geometry 
•  GNSS, relatively inexpensive, can provide high density coverage 

for crustal deformation 
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VGOS antenna 

Site has been 
cleared 

Will award 
tender soon 



image credit: Tae-Hyun, Jung (MPIfR, 2004) 
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Links of techniques, through IAG 
 services, three pillars, science 
applications and products, 
through to natural events which 
affect life on Earth 

GGOS, from cm to mm accuracy 
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Non-uniform mass 
distribution in the Earth 
leads to a gravitation field 
of the Earth that is also 
not uniform. These mass 
distributions have a 
varying component as the 
variations of the 
atmosphere, solid Earth, 
oceans, and land bound 
water distributions affects 
gravity continuously 

Example: Sea surface height, changing or not 
changing?  Is the global climate changing or 
not…. 

These subtle variations of the gravitation field influence both the ocean 
surface and the satellite orbit.  

Studying, measuring and continuously improving our knowledge of the Earth’s 
gravity field is crucial to measure global change in ocean levels, ice sheet 
levels and the complex interaction between the atmosphere, earth and oceans. 



Some examples of 
extending the GNSS/
Seismic/Tide Gauge 
network 

•  Marion Island GPS April 2004 (Combrinck and Stronkhorst) 
•  2006 GPS fixed, EIA redone (Combrinck and Prozesky) 
•  2007 Tide Gauge installed, new GPS, BGAN comms (Combrinck, Botha) 
•  2007/8 GPS at SANAE, Antarctica plus TerraSARx reflectors 
•  2012 September, new GPS at Gough Island, EIA for tide gauge,  Doris, 

accelerometer and seismometer 
•  2013, Gough Island, tide gauge and peripheral equipment installation 

(Combrinck) 
•  2014, Marion Island, Seismometer, accelerometer, geodetic tie 

(Combrinck) 
•  Two new GPS at tide gauges to be installed May 2015, Luderitz and 

Walvisbay, Namibia  
•  2015, Klerefontein GNSS, Vault and meteorological station survey + 
•  2015+, SANAE IV, TerraSARx network to be expanded to Norwegian 

(crust) and German base (ice). 
•  GPS for Tristan da Cunha? There is a (dysfunctional? tide gauge) 
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Sea level trends 1960-2010, GPS calibrated 



Marion Island Data 
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Marion Island DORIS survey 









Satellite and Lunar Laser 
Ranging 

•  Ground based station transmits short (pico-second) laser 
pulse. 

•  The laser pulse is reflected off a retroreflector on an 
artificial satellite or the Moon. 

•  The round trip time of flight is precisely measured and 
corrected for atmospheric delay and relativistic effects 

•  Then a geometric range is calculated. Many corrections to 
range, Earth-tide, pole-tide, ocean and atmospheric 
loading, tectonic movement 



SLR Technique 



SLR Missions 

•  Geodetic – inert massive 
spheres, e.g. Lageos. 

•  Earth sensing and 
experimental  – equipped 
with e.g. radar altimeters, 
gravity probes, etc. 

•  Radio navigation – e.g. 
GPS 

LightSail-A is a 
propulsion test using a 
deployed sail  
The satellite is planned 
for launch around 20 
May 2015 



SLR instrumentation 





International Laser Ranging 
Service 
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Lunar Laser Ranging 

•  Purpose:  
 To perform tests to 

verify Einstein’s theory of 
General Relativity. 

•  Requirement:  
 mm-accuracy range 

measurements to the 
Moon. 

Lunokhod 





Cooperative Network for GIOVE (test of 
GALILEO) Observation (DLR/BKG) 

operational under construction 

Concepcion 

Mauii 

Hartebeesthoek 
Sydney 

Bangalore 

Chofu Fredericton Wettzell 



International GNSS Service 



Where are we?...... 



Portable enough, accurate 
enough 



Versatile….. 
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Terra SAR X Spotlight image 

Corner reflector 
Snowmobile Track 

airfield 
containers 

Ice Crevasses 

Station 
Hard Snow 



Corner Reflector  
overview / stretched / un-stretched 

Corner Reflector 



SANAE IV Station Overview 
Mountain Ridge 

Soft Snow 
Hard Snow 

Diesel tanks 

Main Building 
Containers 

Corner Reflector 



Landing Strip 

Landing Strip 

Hidden Containers 



Ice Crevasses 



Outcomes of simple space geodesy application 

•  Radar reflectors can now be used to facilitate 
map accurate map production (geo-referencing) 

•  Crevasses and other features can be mapped 
•  Self-centring plates can be re-surveyed to 

determine crustal stability in region 
•  Motion of Antarctic plate can be determined 



Thank you 


