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Geodesy is the scientific discipline that deals with the measurement and
representation of the Earth in numerous ways. This includes its shape and
dynamics as well as its gravitational field, to name a few. Geodesists also study
geodynamical phenomena such as crustal motion, tides, and polar motion.
Global and national monitoring and control networks, using space and terrestrial
(related to planet Earth) techniques, are designed for this. Space Geodesy relies on
datums (reference points on the Earth's surface) and coordinate systems. The
HartRAO Space Geodesy Programme participates in global networks via numerous
techniques. There are 3 fundamental techniques.

GLOBAL NAVIGATION
SATELLITE SYSTEM (GNSS)

This is a network of satellite-based systems for positioning and
navigation on the ground, in the air or in orbit. Currently GNSS
comprises four systems:
* (Global Positioning System (GPS), United States of America
* (Qlobal Orbiting Navigation Satellite System (GLONASS),
Russian Federation
Quasar * QGalileo, European Commission
* Beidou (translated into English as “Compass”), People’s
- Republic of China
Moon

LASER RANGING

This is a technique used to determine the position of the Earth and of

y ’\ satellites, as well as the moon, relative to each other. In satellite laser
£ ranging one measures the time it takes for a short but bright laser
£ pulse to travel from the ranging station to a satellite and back.

Satellites reflect these laser pulses because they are equipped with
corner cube reflectors that send light back in the direction that it
came from. This provides a range measurement of centimeter level
precision. These measurements are accumulated to provide

! accurate orbits and a host of important scientific and a host of
practical products.

GEODETIC VERY LONG BASELINE |
INTERFEROMETRY (VLBI) |

This is a technique used in radio astronomy. Many radio telescopes
across the globe simultaneously observe the same object in the sky.
The data from all these telescopes is then combined. Effectively this
gives the same result as using a telescope with a size equal to the size
of the earth. This provides extremely high resolution images as well as
millimetre-level accuracy of the telescope's position relative to the
galactic centre! VLBI is therefore the 'standard ruler' against which all
other techniques in Space Geodesy are calibrated. :

HartRAO employs all three of these standard techniques on the same site. This collocation {
makes HartRAO a true fiducial site (something taken as an origin or point of reference) and this 5
is the only site of its type in Africa. HartRAO therefore plays a crucial role in international Space
Geodesy networks.




HOW DOES SPACE GEODESY HELP SOCIETY?

Most applications of Space Geodesy are in science ed. studying crustal motion and climate change.

An interesting application is the newly established - when an Earthquake occurs under the ocean
floor one can observe a tell-tale sign in the ocean and wave levels at different shores before the tsunami itself occurs. This data is
processed to predict such an event and immediately notifies the relevant authorities to warn people beforehand. This will play an
important role in minimising the impact of tsunamis.

All such as those used in cars, aeroplanes and handheld devices, use GNSS data like GPS to determine
instantaneous positions. From these, velocity, estimated arrival time etc. can be calculated. For these devices to work accurately,
they must get signals from at least 4 GPS satellites. These GPS satellites in turn must know their own position (or orbit) accurately,
otherwise they will be unable to provide the device with accurate positioning data. Satellite Laser Ranging is used from all over the
globe to accurately measure these GPS satellite orbits. The orbit data are sent to a central control station where the data is
processed to accurately predict the satellite orbit in the near future. These predictions are then uploaded to the GPS satellites. VLBI
must be used to obtain accurate positions of the Satellite Laser Ranging stations. The diagram shows how all these techniques are
required to provide the Navigational Devices (GPS receivers) with data.
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CAREER INFO

Many options exist for following a career in one of the Space Science disciplines. LEARN MORE
Space Geodesy is a basic science that involves people from many disciplines such as
physics, astronomy, astrophysics, computer science, Earth science, engineering,
statistics, to name only a few. The best way to make a career in space science or space
geodesy is to obtain a degree (as well as a Masters and Doctoral qualification if
possible) in any single one or more of these fields. Also try to take as many additional

Browse the internet for the following
and read more about it:
- Newton's laws and Inertia

subjects as possible from one of the other fields to expand your knowledge base as - LIDAR -
well as to prepare you early on for multi-disciplinary work. - gletctromagnetlc spectrum
- atums

Choosing a career in or Space Geodesy is an excellent choice — space
science is currently, and will be in the future, what rocket science was for the 1960's!

~
DR ATTIE COMBRINK

Attie Combrink completed a Masters Degree in Physics at the Potchefstroom University
in 2003, the same year in which he joined the research group at the HartRAO Space
Geodesy Programme. Attie's research focussed on the Global Positioning System (GPS)
- a satellite-based navigation system — and the use of its radio signals in the detection
of water vapour, an important gas in studies of weather, climate and global climate i
change. This formed the basis of his Doctoral thesis in Geomatics at the University of
Cape Town, which he completed in 2006. Attie's research also required travelling to
GPS observation stations in southern Africa, Antarctica and islands south, west and
east of Africa, from where the research data originate.

In 2008 Attie joined the private sector where he is part of a team doing aerial surveys
from helicopter platforms. On a daily basis he applies his experience with space
techniques such as GPS, as well as other fundamental concepts of physics — such as
laser technology, classical inertial mechanics and electromagnetic radiation — in order
to perform his job successfully and to produce three-dimensional maps of world class
standard. These maps are used in a variety of applications, like mining, civil
engineering and environmental monitoring.

http://geodesy.hartrao.ac.za
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