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Precise orbit determination 
Processing strategies based on GPS data

Kinematic orbit determination:
Positions are estimated for each 
measurement epoch, ephemeris 
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 

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



ESA
Living Planet
Symposium

Adrian Jäggi

3

Orbit Session

July 2, 2010

Precise orbit determination
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.

Key parameters are: 
• Type of empirical parameters
• Number of empirical parameters per arc
• Constraints imposed on empirical parameters

Processing strategies

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.
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Pseudo-stochastic orbit modeling 
Acceleration parameter types

Constant 
acceleration
Free estimation 
in R, A, O

Piecewise 
acceleration
Constraints 
in R, A, O

Pseudo-stochastic orbit modeling may replace non-gravitational force models 
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GOCE:
Gravity field and Ocean
Circulation Explorer
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GOCE POD is exclusively based on pseudo-stochastic orbit modeling

GOCE orbit determination
Accelerations estimated over 6 min

Transition into first drag-free 
flight on 7 May, 2009
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GOCE orbit determination
Differences to kinematic orbits

Consistency between both types of orbits is below the 2cm level 
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GOCE orbit determination
Validation with independent SLR data

SLR validation @ 2cm level – systematic errors have to be modeled
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GRACE:
Gravity Recovery And 
Climate Experiment
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(mm)

POD antenna of GRACE B
Flight direction

GRACE orbit determination
Empirical antenna PCVs
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GRACE orbit determination
Empirical antenna PCVs

(mm)

POD antenna of GRACE A
Flight direction

Cross-talk from active 
GPS occultation antenna
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GRACE orbit determination

ZD POD:

Unmodeled PCVs are an important error-source of GPS-based LEO POD

Validation with independent K-band data

w/o PCV
with PCV

Baseline solutions
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GRACE orbit determination

DD POD:

Sub-mm precision for space baseline – important for TerraSAR-X / TanDEM-X 

Validation with independent K-band data

w/o PCV
with PCV
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GRACE gravity field recovery

Reference field:
ITG-GRACE03S

Differences:
GRCB (w/o PCV)

Unmodeled PCVs propagate into GPS-based gravity field solutions

Validation of GPS-only gravity field solutions

GRCB (with PCV)
GRCA (w/o PCV)
GRCA (with PCV)
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JASON-2
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JASON-2 POD is partly based on pseudo-stochastic orbit modeling

JASON-2 orbit determination
Pulses estimated every 15 min
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JASON-2 orbit determination

ZD POD:

Not yet too much experience gained at AIUB – SLR validation @ 5cm level 

Validation with independent SLR data

AIUB
ESA
provided by C. Flohrer
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LAGEOS:
Laser Geodynamics 
Satellite

http://upload.wikimedia.org/wikipedia/commons/7/78/LAGEOS-NASA.jpg
http://upload.wikimedia.org/wikipedia/commons/7/78/LAGEOS-NASA.jpg
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LAGEOS orbit determination
SLR residuals

LAGEOS POD is based on dynamic 7-day arcs 
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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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