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Precise orbit determination

Processing strategies based on GPS data

Kinematic orbit determination:

GPS! > Jfg Positions are estimated for each
] measurement epoch, ephemeris
j ¢ QCPS™ are independent of force models

Dynamic orbit determination:
Satellite trajectory is a particular
solution of the equation of motion
defined by the force models used

LEO orhit

Pseudo-stochastic orbit modeling:
Additional empirical parameters
reduce the strength of the force
models to some extent




Precise orbit determination

Processing strategies

Dynamic orbit determination

Particularly useful for LEO satellites at high altitudes with
only sparse tracking data, e.g., LAGEOS. Apart from initial
conditions a limited number of dynamic orbit parameters
IS estimated.

Pseudo-stochastic orbit modeling

Particularly useful for LEO satellites at low altitudes with
dense tracking data, e.g., GOCE, but to some extent also
useful for satellites at medium altitudes, e.g., JASON.

Key parameters are:

« Type of empirical parameters

* Number of empirical parameters per arc

« Constraints imposed on empirical parameters



Pseudo-stochastic orbit modeling

Acceleration parameter types
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Pseudo-stochastic orbit modeling may replace non-gravitational force models
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GOCE orbit determination

Accelerations estimated over 6 min
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GOCE POD is exclusively based on pseudo-stochastic orbit modeling




GOCE orbit determination

Differences to kinematic orbits
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Consistency between both types of orbits is below the 2cm level




GOCE orbit determination

Validation with independent SLR data
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SLR validation @ 2cm level — systematic errors have to be modeled




T g @ACE‘: Se—
e 4 I-.ﬁ@_r.av‘i_t,y Recovery And

nate Experiment

‘,'I-




GRACE orbit determination
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GRACE orbit determination

Empirical antenna PCVs
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GRACE orbit determination
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Validation with independent K-band data
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Unmodeled PCVs are an important error-source of GPS-based LEO POD



GRACE orbit determination
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Validation with independent K-band data
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Sub-mm precision for space baseline — important for TerraSAR-X / TanDEM-X
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GRACE gravity field recovery

Validation of GPS-only gravity field solutions
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Unmodeled PCVs propagate into GPS-based gravity field solutions



JASON-2




JASON-2 orbit determination

Pulses estimated every 15 min

l.|._.I||.|||| | e | ||| o, ||I || |||||I.. |.,I...lII.||||||.|.|.|||,|.,|||Ir
| |

radial (um/s)
=
J—

! ! I
o U | ."|'||'|'|'|"|'.'|' |’| IRNTERI PR AR

|
0 5 10 15 20

II_

along-tr. (um/s)

' i
-g ||”|| ||I ||I| |I||||||||||||“| |||””|| I||||| ||||||

0 5 10 15 20
Hours of day 361/2008

cross-tr. (um/s)
[y
)

JASON-2 POD is partly based on pseudo-stochastic orbit modeling




JASON-2 orbit determination

Validation with independent SLR data
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Not yet too much experience gained at AlUB — SLR validation @ 5cm level
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http://upload.wikimedia.org/wikipedia/commons/7/78/LAGEOS-NASA.jpg
http://upload.wikimedia.org/wikipedia/commons/7/78/LAGEOS-NASA.jpg

LAGEQS orbit determination

SLR residuals
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LAGEOS POD is based on dynamic 7-day arcs




Conclusions

» Pseudo-stochastic orbit modeling is successfully
applied to LEO satellites at low orbital altitudes
such as GOCE and GRACE.

« Dynamic orbit modeling is successfully applied
to LEO satellites at high orbital altitudes.

« Optimal trade-off between pseudo-stochastic
and dynamic orbit modeling has not yet been
found for satellites at medium altitudes. Further
Investigations are needed to optimize JASON-2
orbit determination.
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