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Introduction of 2/rev harmonics in the empirical
forces model for Sentinel altimetry satellites
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Perturbation Forces for Precise Orbit Determination

Gravitational Forces: earth gravity field,
gravity  perturbations (moon, sun,
planets), ocean & solid earth tides

Forces on satellite: atmospheric drag,
radiation pressure (direct solar radiation,
albedo, earth IR radiation)

Sentinel-6 MF:

Pre-launch initial model

ESA’'s documentation model

Previous studies from CNES team
showed a 2/rev contribution to the
empirical forces for Sentinel-6 MF

Source : www.esa.int

“
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1e—8 SRP acceleration (jj-25500) le—8 SRP acceleration (jj-25500)
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R, T, N accelerations

These two arcs are around the B value where eclipses begin (~55 degrees)

The SRP harmonics amplitudes are due to the eclipse transition Source : Slides taken from Mercier F., et al (2022)
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Sentinel-6 radiation pressure model analysis
OSTST 2022, Venice, POD Session

1e—8 srp effect le-9 albedoy/ir effect
3 -
4
%% 9
E H
| 1 A ] L]
» T T ‘A: T — o F T T T T —
0.0000 0.0002 0.0004 0.0006 0.0008 0.0010 0.0000 0.0002 0.0004 0.0006 0.0008 0.0010
0.015 0.015
0.010 - 0.010 -
E E
“ 0.005 = 0.005
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R, T, N accelerations, radial response, begin of eclipse period

2/rev, main harmonic : here, the SRP contribution is below 5 mm amplitude
the albedo/ir response is negligible

Source : Slides taken from Mercier F., et al (2022)
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- - - Sentinel-6 radiation pressure model analysis
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OSTST 2022, Venice, POD Session

1e-8 srp effect 1e—-8 albedoyir effect
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R, T, N accelerations, radial response, B value close to O (sun close to the orbital plane)

2/rev, main harmonic : here, the SRP contribution is higher (1.4 cm)
the albedo/ir response is negligible

higher harmonics : negligible Source : Slides taken from Mercier F., et al (2022)
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SRP harmonics amplitudes
and beta angle

Sentinel-6 radiation pressure model analysis
OSTST 2022, Venice, POD Session

Radial 2/rev and 3/rev due to SRP acceleration :
harmoniques radiales prad

10% error in the amplitude produce 0.014 - =
. : — 2n
less than 1.5 mm at 2/rev in radial %n
(~1.5 cm for the complete model 0.012 1
see preceding slide)
0.010 A
Due to the non
0.008 stationarity of the
signal (the arc begins in
E full sun and ends with
0.006 1 eclipses)
1ecm
0.004 -
0.002 1
0.000 -
—-80 —60 —40 =20 0 20 40 60 80
B deg.

Source : Slides taken from Mercier F., et al (2022)
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Conclusions from previous studies

CNES POD Team showed a contribution to the radial
acceleration spectrum producing 2/rev harmonics during
eclipse transitions (mainly due to SRP), dependency on 3 angle

Proposal of introduction of 2/rev term

F = Acoswt + Bsinwt + C + Dcos2wt + Esin2wt

\ )| J
| I

1/rev 2/rev

» Introduction of 2/rev term in the empirical model

Source : www.space.com
— 7 “
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Proposed empirical model

F = Acoswt + Bsinwt + C + Dcos2wt + Esin2wt

\ J |
! | :

1/rev 2/rev
1 point / day 1 point / day
1/rev 1/rev 1/rev 1/rev
cos sin cos sin
R 0 0 0 R 0 0 0
T 1 1 0 T 1 1 0

N 1 1 1 N 1 1 1

1 point / 2rev ‘ 1 point / 2rev ' :
IEHEE EEED
cos | sin cos | sin Experiments:
R 0 0 0 R 1 1 0

Sentinel 6A —MF : Cycles 18 -100 (21/08/18-23/02/21)

Sentinel 3A : Cycles 100-201 (05/05/21-06/08/23)
T 0 0 1 T 0 0 0

Standard: POE-F
N 0 0 0 N 0 0 0 Processing GNSS dynamic

0: no estimation, 1: estimation

“
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Resulits - Sentinel 6-MF
1.8 = ' Eo Ly Remloe® Si'mtine!:nm' oA P 1 value laser residual / day
%f no o £ @&% a ﬂi:uneu & median 1/rev=1,24cm
Lol PP sma o6 2% %07 gjng;:: e oren % median 1/rev + 2/rev=1,22cm
000 Ofo & . g £.0 a® GaL

=
=Y

v' overall better residuals with
the proposed model
v but negligible improvement

residuals [cm]
[
P

=
PR sl N o Vo
¥ r -y
o i
£ S H

]
[5:¢]

0.6
2021.4 2021.6 2021.8 2022 2022.2 2022.4 2022.6 2022.8 2023 2023.2 2023.4

time [year]
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Results - Sentinel 6-MF

Difference of Laser Residuals Sentinel 6A - [Model(1/rev) - Model(1/rev + 2/rev)]
T T T T

0.4 — . . ; _ ' difference of residuals wrt. 3 angle
lefer_enr:e
E?;;igrr‘\eline . .
03l median ine per 10| 1 black values give the median of each
10° B range
0.2 ] . . .
red line and value give the median of all
residuals
0.1+ _
£ “PPo03s el ﬂn i e 0.028
o 0.019+7————=0.019 A “ 0014 - 0.005
B 0 IV -0-01€ 5 027.0.039
T 4 - -0.033
o -
u -0.088 \/ H H
o1l i overall better residuals with the
proposed model
v' better estimation around small £
0.2 d angles [-10° 10°]
0.3 ]
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Results - Sentinel 3A

Laser Residuals Sentinel 3A

1.8 T o T T

s FaN ] i) [ '
o S8 ﬁf A9 o Lrev :
Af ‘6‘% {@ £ 1frev 4+ 2frev
o = an median 1frev 2
il di 2
1.6 O% Al o median Lrev + Igev
&
{ 5
iy
1.4 '(é
oG
E ¥ 8‘%1
] u
e o &
m 1.2 7
: 4
E 4 [N
=7 an
1 PN i
=]
o]
£
U.S{ =N
# o
oy
&y
8]
0.6 L
2021

time [year]

“

1 value laser residual / day
median 1/rev=1,11cm
median 1/rev + 2/rev=1,09cm

v' overall better residuals with
the proposed model
v but negligible improvement
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Results - Sentinel 3A

Difference of Laser Residuals Sentinel 3A - [Model{1l/rev) - Model(l/rev + 2/rev)}]
T T T T

0.4 : : . : . ; . difference of residuals wrt. 3 angle
Difference
zero line
dian li . .
03t median ine per 10°| | Dlack values give the median of each
10° B range
0.2 . . .
¢ red line and value give the median of all
| residuals
0.1 0.082
— 0065
E | 0.036¢ 00942 © ¢ = o3 0028 0.030 0013 0-02—.L
2 0! -0.015 ¢ e %
_g | -0.032 [
[ _ ,
L J| v overall better residuals with the
| i proposed model
: . v better estimation around smaller B
02 y angles with higher eclipse periods
[23° 25°]
-0.3F -
-0.4 | | | | | | | | | | |
24 25 26 27 28 29 30 31 32 33 34
beta [*]
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Conclusions - Future Work

Estimation of 2/rev empirical forces in the radial direction showed a small
improvement on the SLR residuals

Bigger improvement during eclipse seasons (for Sentinel 6A-MF) and longer
eclipse periods (for Sentinel 3A)

The CNES POD team will perform more tests to improve the parameters of
these 2/rev terms.

More tests will also include DORIS-only dynamic and DORIS/GNSS dynamic
processings

THANK YOU !

Georgia.Katsigianni@cnes.fr
Flavien.Mercier@cnes.fr
Alexandre.Couhernt@cnes.fr
John.Moyard@cnes.fr
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