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Low Earth Orbiters (LEOs) 

GRACE GOCE TanDEM-X 

Gravity Recovery And 

 Climate Experiment  

Gravity and  

steady-state Ocean 

 Circulation Explorer 

TerraSAR-X add-on for 

Digital Elevation  

Measurement 

Of course, there are many more missions equipped with GPS receivers 

Jason Jason-2 MetOp-A Icesat COSMIC 

//upload.wikimedia.org/wikipedia/commons/5/57/Jason-1.jpg
//upload.wikimedia.org/wikipedia/commons/0/04/OSTM-06.jpg
http://de.wikipedia.org/w/index.php?title=Datei:ICESat1.jpg&filetimestamp=20060331191429
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LEO positioning 

GPS satellites 

Low Earth Orbiter 

terrestrial GPS receiver 
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linearized observation equations: 
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covariance matrix: 

system of normal equations: 
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Least-squares adjustment 

observed-minus-computed: 

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

-

-

-

=D

)('

)('

)('

0

022

011

x

x

x

l

nn Fl

Fl

Fl

@

math. model: 

)()( tt fr =""
pseudo-observations: 



Ecole dôEt® 2012 5 

Geometric distance LEO-GPS 

at emission time  

Geometric distance is given by: 

Inertial position of LEO antenna phase center at reception time  

Inertial position of GPS antenna phase center of satellite  

Signal traveling time between the two phase center positions 

Different ways to represent   : 

- Kinematic orbit representation 

- Dynamic or reduced-dynamic orbit representation 
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Kinematic orbit representation 

Satellite position  (in inertial frame) is given by: 

Transformation matrix from Earth-fixed to inertial frame 

LEO center of mass position in Earth-fixed frame 

LEO antenna phase center offset in Earth-fixed frame 

Kinematic positions 

  

are estimated for each measurement epoch: 

- Measurement epochs need not to be identical with nominal epochs 

- Positions are independent of models describing the LEO dynamics 

 Velocities cannot be provided in a strict sense 
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Kinematic orbit representation 

A kinematic orbit is an 

ephemeris at discrete 

measurement epochs 

Kinematic positions are 

fully independent on the 

force models used for 

LEO orbit determination 

Kinematic positions are 

not uncorrelated if phase 

measurements are used 

(due to ambiguities) 
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Kinematic orbit determination 

Excerpt of kinematic GOCE positions at begin of 2 Nov, 2009 

GO_CONS_SST_PKI_2__20091101T235945_20091102T235944_0001  

Measurement epochs 

      (in GPS time) 

Positions (km) 

 (Earth-fixed) 

Clock correction to 

nominal epoch (ɛs), 

e.g., to epoch 

00:00:03 

Times in UTC 
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Dynamic orbit representation 

Satellite position  (in inertial frame) is given by: 

LEO center of mass position 

LEO antenna phase center offset 

LEO initial osculating orbital elements 

LEO dynamical parameters 

- One set of initial conditions (orbital elements) is estimated per arc 

 Dynamical parameters of the force model on request 

Satellite trajectory 

  

is a particular solution of an equation of motion 



Ecole dôEt® 2012 

Dynamic orbit representation 

Equation of motion (in inertial frame) is given by: 

with initial conditions 

The acceleration 

  

consists of gravitational and non-gravitational perturbations 

taken into account to model the satellite trajectory. Unknown parameters 

of force models may appear in the equation of motion together with deterministic 

(known) accelerations given by analytical models.  
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Osculating orbital elements 

ɋ 

ɤ 
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Osculating orbital elements of GOCE 

Semi-major axis: 

Twice-per-revolution variations of about Ñ10 km around the mean semi-major axis  

of 6632.9km, which corresponds to a mean altitude of 254.9 km  
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Osculating orbital elements of GOCE 

Numerical eccentricity: 

Small, short-periodic variations around the mean value of about 0.0025, i.e., the  

orbit is close to circular  
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Osculating orbital elements of GOCE 

Inclination: 

Twice-per-revolution and longer variations around the mean inclination of about 

96.6° (sun-synchronous orbit) 


