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Low Earth Orbiters (LEOS)

GRACE TanDEM-X

Gravity Recovery And Gravity and TerraSAR-X add-on for
Climate Experiment steady-state Ocean Digital Elevation
Circulation Explorer Measurement

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

Jason Icesat COSMIC
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LEO positioning

GPS satellites

Low Earth Orbiter

terrestrial GPS receiver
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Least-squares adjustment

linearized observation equations:
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Geometric distance LEO-GPS

Geometric distance Pﬁgo IS given by:

p?eo — ‘rleo(tleo) —

Tleo Inertial position of LEO antenna phase center at reception time

k Inertial position of GPS antenna phase center of satellite £ at emission time

'rl]“eo Signal traveling time between the two phase center positions

Different ways to represent Teo .

- Kinematic orbit representation

- Dynamic or reduced-dynamic orbit representation
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Kinematic orbit representation

Satellite position 7;¢,(%je0) (in inertial frame) is given by:
Tleo (tleo) — R(tleo) ) (rleo,e,()(tleo) T 5rleo,e,ant(tleo))

R Transformation matrix from Earth-fixed to inertial frame
Tleo,e,0 LEO center of mass position in Earth-fixed frame

51"160,6,@% LEO antenna phase center offset in Earth-fixed frame

Kinematic positions 7., ¢ o 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 Kinematic positions are

ephemeris at discrete fuol yiincd ep&tde mt mpratdee

measurement epochs foszsuredwstssae fosed
(dt@ twlatdegritesation
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Kinematic orbit determination

Measurement epochs
(in GPS time)

®# 2009 11 2 [OF070.80678020

Positions (km) PL15 ESO0NEI2059MNG623N087679NNNZSNI04149] 19321907971961 Clock correction to
(Earth-fixed) * 2009 11 2 OET0TAL80678020° nominal epoch (£s),

PL15 193219.799413 |

* 2009 11 2 e.g., to epoch
PL15 00:00:03

* 2009 11 2 [T0"3.80678020

PL1S [-386.495163 6624.496541  49.998817] 193219.803855|
®* 2009 11 2 [0 4.80678019
PL1S [=385.121760 6624.647724  42.296889) 193219.806059 |
#2009 11 2 [OF0T5.80678019
PL1S [-=383.747819 6624.789703  34.594896/ 193219.808280 |
®* 2009 11 2 [OT06.80678019
PL15 [-382.873332 6624.922464  26.892861 193219.810495
®* 2009 11 2 [OT0T7.80678019
PL1S [-380.998306 6625.046003  19.190792] 193219.812692 |
* 2009 11 2 [OTT08.80678019"
PL1S [-379.622745 6625.160329 11.488692| 193219.814899
*# 2009 11 2 [OT0TT9.806780187
PL15 [-378.246651 6625.265448  3.786580/ 193219.817123

Excerpt of kinematic GOCE positions at begin of 2 Nov, 2009
GO_CONS_SST_PKI_2_ 20091101T235945] 20091102T2359441 0001 Times in UTC
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Dynamic orbit representation

Satellite position 7;¢,(%je0) (in inertial frame) is given by:
rleo(tleo) — rleo,()(tleo; a,c, 7:7 Qu W, UQ, Qla ey Qd) + 5rleo,ant(tl60)

Tle0,0 LEO center of mass position
5rzeo,ant LEO antenna phase center offset
a,e, i, 2, w,ug LEO initial osculating orbital elements

Q1,...,Qq LEO dynamical parameters

Satellite trajectory 70,0 Is a particular solution of an equation of motion

- One set of initial conditions (orbital elements) is estimated per arc
Dynamical parameters of the force model on request

o Ecole dBEt® 2012



Dynamic orbit representation

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

(1) r ¥
r= _GMT_3 + F1(t 7,7, Qs Qa)

with initial conditions
T’(to) — r(a‘a €, 7:1 Q’a W, UQ, tO)

’f'(to) — ?;(aﬂ €, 7:7 Qa W, UQ, t())

The acceleration f, consists of gravitational and non-gravitational perturbations
taken into account to model the satellite trajectory. Unknown parameters (21, ..., Q4
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




Osculating orbital elements of GOC

0 5 10 15 20
Hours of 2 Nov, 2009

Semi-major axis:
Twice-per-revolution variations of about NLO 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 GOC

x 10

0 5 10 15 20
Hours of 2 Nov, 2009

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 GOC

Inclination:
Twice-per-revolution and longer variations around the mean inclination of about
96.6° (sun-synchronous orbit)
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