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CASE OF CRYOSAT-2 INTRODUCTION

Characteristics:

- Launch: April 8, 2010 => Oldest (among currently flying) altimetry mission
- Altitude: 717 km

- Inclination: polar orbit (92°)

- Tracking instruments: DORIS, LRA (no GNSS receiver)

Typical dynamic orbit solution:

- 7-dayorbitarcs

- Thermosphere model rescaled every 3 hours (~2 revolutions) following the
updates of the geomagnetic indexes

- Unconstrained along-track 1/rev accelerations estimated every 12h

- Unconstrained single cross-track 1/rev acceleration adjusted over the
weekly arc (residual J2 and Solar Radiation Pressure modeling errors)

=> Qverall good performances, except for high solar activity periods
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THERMOSPHERE MIODEL INDUCED ALONG-
TRACK ACCELERATIONS

cy757 composantes fréquentielles

Long-term W \/

1/rev

—— DTM 2013

>1/rev MSIS 2000
| —— MSIS 2000 2.0

—— DTM 2020
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DRAG MODELING

THERMOSPHERE MODEL INDUCED ALONG- o
TRACK ACCELERATIONS (ZOOM IN)

Long-term

1/rev

>1/rev . | o Va0 ‘ , ‘ ‘ )
ez APeA P ARERARIRAH

—— DTM 2020

27311.8 27311.9 27312.0 27312.1 27312.2

GEOSCIENCES
ENVIRONNEMENTEEE
.f TouLousE




DRAG MODELING

THERMOSPHERE MIODEL INDUCED ALONG- T ERRORS
TRACK ACCELERATIONS WRT MSIS 2000

cy757 spectre amplitudes rms

AR A RS W» '?l e

DTM 2013
Temporal MSIS 2000
comparisons : MSIS 2000 2.0

DTM 2020

27307 27310 27311 27312

—— DTM 2013
MSIS 2000

Spectrum : 2 mm RMS radial —— MSIS 2000 2.0
—— DTM 2020

differences
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INTRODUCING STATE PROCESS NOISE FOR ACCELERATIONS
UNMODELED ACCELERATIONS

Goal: model the time correlation (over a wide range of frequencies) of

l:
un(mis)modeled accelerations (e.g., drag) to improve the orbit accuracy

Approach: augmentation of the state vector with empirical accelerations

modeled as first-order Gauss-Markov processes that treat the unmodeled _ (1, — 'U(P: z }J 2 N(Zpay — E—%Ek'-}z

accelerations as exponentially correlated in time J(p,z) = N _— T -
B T T Qr

TMEas.

- First step: Standard dynamic orbit to unbias the background models

Q= (1—e?7) 0>

-Second step: Redetermination of the measurement parameters p with the
initial position/velocity x, of the spacecraft; while estimating stochastic
process noise accelerations x, with a zero-mean white Gaussian process
covariance @, as variations around the previous dynamic orbit which are
constant over the time batch At and characterized by the correlationtime t
with steady-state variance ;2 (Barotto, 1995)

% — 0: Random walk processes (if ap is big enough)

At . )
— > 4o00; with variance ap2

Ex
REPUBLIQUE

nm GEOSCIENCES
ENVIRONNEMEN TR

RECHERCHE EN SCIENCES \)._ TOU LOUSE

F

DE LATERRE ET DE L'UNIVERS



FREQUENCY REPRESENTATION OF A ACCELERATIONS
FIRST-ORDER GAUSS-NMARKOV PROCESS

How to choose 7 and o,.?
tau = 1800.0

— marche g —— marche
markov ] markov

—— bruit ] — bruit

* fo | * fo

Constraint on x,
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ORBIT CORRECTIONS PERFORMED BY ALONG- =~
TRACK STOCHASTIC ACCELERATIONS
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ORBIT CORRECTIONS PERFORMED BY ALONG-
TRACK STOCHASTIC ACCELERATIONS

Differences between two dynamic orbits with daily along-track 1/rev empirical After the stochastic corrections (right)
accelerations shifted by 12h: Before the stochastic corrections (left)

cy735 écarts dynamiques cy735 écarts stochastigues

27152 27153 27154 27155 27156 27157 27158 27159 27160
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ALONG-TRACK ACCELERATION
COMIPARISONS

accelerations tangentielles

— Trainée

le—7

12h-empircal 1/rev
(dynamic)

— 1/rev 12 h

le—7

F

Stochastic

—— F stoch.

T
27152
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ALONG-TRACK ACCELERATION VALIDATION CRITER
COMPARISONS (ZOOM IN)

accelerations tangentielles

—— Trainée

Drag

12h-empircal 1/rev

(dynamic)
Sharp transitions are corrected
—— 1revi2h by the stochastic accelerations
up to a certain level => to be
improved in the dynamic step
Stochastic

52.0 27152.5 27153.0 27153.5 27154.0 27154.5 27155.0 27155.5
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DYNAMIC VS STOCHASTIC ACCELERATION
SPECTRUNS

le—g (M/s?) spectre accélération 1/rev et stochastique, cy 735

12h-empircal 1/rev

(dynamic) Compromise between 1/rev signals elimination and

transitions smoothing between the dynamic empirical segments

Orbital revolution

Stochastic
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spectre accélération stochastique, cy 735

1 frequency

Liberté
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ALONG-TRACK MODELING ERROR VALIDATION CRITERIA
SIGNATURE IN THE PHASE RESIDUALS
(DYNAMIC)

fim_dor_gdrg cy735 residus

Doppler residuals
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Phase residuals

Elevation
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ALONG-TRACK MODELING ERROR VALIDATION CRITERIA
SIGNATURE IN THE PHASE RESIDUALS
(DYNAMIC)

fim_dor_gdrg cy735 residus
Doppler residuals
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ALONG-TRACK MODELING ERROR
SIGNATURE IN THE PHASE RESIDUALS
(STOCHASTIC

fim_resomin_corcle_cy735 residus

Doppler residuals
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LESSONS LEARNED FROM THE CRYOSAT-2

STUDY

Optimal parameterization: with an assumed noise of 5 mm for DORIS
measurements

- Dynamic orbit:

- Thermosphere model rescaled every 3 hours (~2 revolutions)
following the updates of the geomagnetic indexes

- Along-track 1/rev accelerations estimated every 12h with relative
constraints (1079 m/s2) => Cope with abrupt twice-daily transitions

- Daily cross-track 1/rev and constant accelerations with relative
constraints (102 m/s?) => Mitigate daily J2 and SRP variations while
smoothing transitions between the daily segments

- Stochastic solution: (first-order Gauss-Markov processes)

- Batchlength=60s

- Correlationtime = 300 s

- Steady state variance:

Radial: no stochastic radial acceleration adjusted
Along-track: 108 m/s?
Cross-track: 108 m/s?

PRELIMINARY RESULTS
FOR SARAL/ALTIKA

- Reduced dynamic orbit:

- 30-min constant accelerations with relative constraints of 51079 m/s?
(random walk process)

- 1/revalong-track and cross-track accelerations estimated every
orbital revolution with relative constraints of 10 m/s?and 5 107°
m/s?, respectively (random walk processes)

- Unconstrained daily constant cross-track accelerations (white noise
process)
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ral CY598, Orbit differ , Radial (cm) Reduced-dynamic orbit, DORIS phas siduals (cm)
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STOCHASTIC VS DYNANMIC ACCELERATIONS
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saral CY597, Orbit differences, Radial (cm) Reduced-dynamic orbit, DORIS phase residuals (cm) Reduced-dynamic orbit, SLR residuals (cm), 1.42
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Along-track (cm) Dynamic orbit, DORIS phase residuals (cm) Dynamic orbit, SLR residuals (cm), 4.64
!

M}' H“ ||(|? m flniw "[‘W"f‘lh'm ] f ‘ II II H

Hd’

Stochastic orbit, DORIS phase residuals (cm) Stochastic orbit, SLR residuals (cm), 1.42

[T A N o iy " :.]l '
-H,_n:m%m;l'hiﬂfﬁdl &me[ﬂy,u\iIfbﬂiﬁf{'ﬂuﬁ[ﬁf!{w:{{{:ftﬂpﬂncftf!,fi‘(m*{ﬁ _ | ' ‘ | H

T T T T T T T T T T T T T T T T T T _15_ T T T T T T T T T
27252 27253 27254 27255 27256 27257 27258 27259 27260 27252 27253 27254 27255 27256 27257 27258 27259 27260 27252 27253 27254 27255 27256 27257 27258 27259 27260

Ex nm GEOSCIENCES
REPUBLIQUE
FRANGAISE ENVIRONNEMENTq

Zoalité RECHERCHE EN SCIENCES
fraternité DE LA TERRE ET DE L'UNIVERS e TOU LOUSE




STOCHASTIC VS DYNANMIC ACCELERATIONS
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AMONG THE STARSON THE HOLLYWOOD
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