Infographic: How not to lose a spacecraft
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2 HOW NOT TO LOSE A SPACECRAFT

ESA's ultra-precise deep-space navigation technique tells us where spacecraft are to within a few hundred metres even at a distance of 100 000 000 km
Navigating a spacecraft around our Seolar System requires knowing how far it is, how fast travelling and in what direction.

HOW FAR IS IT?

Using a single ground station on Earth, the distance to a
spacecraft in deep space can be determined from the time it
takes a radio signal to travel from the spacecraft to the ground
station antenna.

COMING OR GOING?

How quickly is a spacecraft moving along the 'line-of-sight',
i.e. away from or towards Earth? We determine this from the
frequency of the radio signal sent fram the spacecraft, which
changes depending on whether the craft is moving toward us
[higher frequency) or away from us (lower frequency). This is
called the Doppler shift.

LEFT OR RIGHT?

Now for the tricky bit! Is the spacecraft moving left or right in
the sky? Two of ESA's three widely separated deep-space ground
stations capture signals coming from the spacecraft, using the
difference in their time of arrival to determine its ‘perpendicular’
of ‘angular’ position.

Doppler shift

BRIGHTEST BEACONS!

Earth's atmosphere and the ground station electronics delay
the spacerraft’s signal, creating uncertainty in its location. To
remove this uncertainty, two stations also receive signals from
another radio source nearby in the sky, whose position is very
precisely known — a Quasar. Subtracting the ‘received’ Quasar
location fram the received spacecraft measurement remaoves all
delays common to both — giving the Delta in the name of this
technique, dubbed 'Delta-Differential One-Way Ranging'.
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ESA's ultra-precise deep-space navigation technique — Delta-DOR - tells
us where spacecraft are, accurate to within a few hundred metres, even
at a distance of 100,000,000 km.
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In order to navigate a spacecraft around our Solar System we have to
know how far away it is, how fast it is travelling and in what direction.

Each of these steps are explained in this new infographic, "How not to
lose a spacecraft."
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