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o Overview of two classical analyses performed during an altimeter’s commissioning:
« antenna pointing & antenna aperture characterization

o Results for S6B:
» based on standard methods & on our proposed methods

o Conclusions & prospects
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In-flight antenna pointing characterization .. « .
Essential step to assess the pointing accuracy and stability in the post-launch period: C ﬁ D
estimate of the pitch and roll biases between the antenna boresight and the platform pointing. -
Needed to correctly retrieve SAR altimeter parameters.
Yaw
o Traditionally carried out through the so-called cross-maneuver (Xman): C/ §
« platform actively rotated in pitch and roll, independently, in both positive and negative directions
« antenna’s response measured by the squared-mispointing (£2z,,) that is fitted to the trailing-edge
of the LRM waveforms Pitch
- differential analysis of the negative and positive maneuvers’ £Z,, yields the pitch and roll biases C J s 5
o Recently also carried out through a yaw 90° maneuver:
» platform rotated by + 90° in yaw | i

« antenna’s response measured by the power distribution of the SAR altimeter beams ARy ",};‘f#:;?m\.v

« pitch and roll biases correspond to the centre of the range integrated power (RIP) at N
yaw 0° and yaw * 90°, respectively SN i

SAR observations used to characterize the pitch of SAR altimeters, e.g. Cryosat-2 & |
(Galin et al. 2014) P eV
« Combination with yaw 90° maneuver to also characterize the roll successfully introduced _ o
for SBA (same results as Xman) and became the default method for S6B aiin o ﬁ‘}'/‘ir(]éogt“z)é;g”{;‘;“:rfg”;gﬁ_‘;rgf;%;’gﬁch‘
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In-flight

antenna aperture characterization . =

OSTST 2026
Antenna aperture characterized on ground (by Thales), 6=1.329° (£0.01°) for S6B, but a refinement is required

once the altimeter is in orbit.
Needed to correctly retrieve LRM altimeter parameters.

o Thus far estimated based on LRM observations after the pointing maneuver:

- derivation of the mispointing accounting for the pitch and roll biases &2 = (§pp ron + Ebias,ron)z + (&pF pitch + Ebias,pitch)z
+ retracking of the LRM waveforms for different antenna apertures
« in-flight antenna aperture corresponds to the minimum difference &2z, - 2
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Pointing Median+std Dataused

The analysis of the SAR RIP centre millidegree

provided in the PDAP products yields - 9+10 Cycle 9 excluding track 243
Ebias,roll 129 Cycle 9 track 243 between 22:32 and 22:39 (yaw +90° man)
Shrmaral -10+9 Cycle 10 track 2 between 10:52 and 10:59 (yaw +90° man)

Resulting in a mispointing &2 = (0.0003 + 0.0003) deg?, whereas the LRM mispointing is typically £Zz,, = (0.008 + 0.030) deg?.
The antenna aperture must therefore be adjusted.

Ape rtu re 2500 Mean median stc; (deg?)
. . 1 PDAP : 0.0112, 0.0079, 0.0501
LRM numerical retracker (NR) applied to 4 tracks from cycle 10 (good [ SPP ant1.329: 0.0111, 0.0080, 0.0478
. . . [ SPP antl.340: 0.0060, 0.0028, 0.0491 |
representation of different sea states) for different antenna apertures, o £ SPP ant1.345: 0.0037, 0.0004, 0.0498

1 SPPantl.350: 0.0013, -0.0020, 0.0504
------ Mispointing: 0.0003 deg?

using the CNES-CLS Sentinel processing prototype (SPP):
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Pointing Median+std Dataused

The analysis of the SAR RIP centre millidegree

provided in the PDAP products yields - 9+10 Cycle 9 excluding track 243
Ebias,roll 129 Cycle 9 track 243 between 22:32 and 22:39 (yaw +90° man)
Shrmaral -10+9 Cycle 10 track 2 between 10:52 and 10:59 (yaw +90° man)

Resulting in a mispointing &2 = (0.0003 + 0.0003) deg?, whereas the LRM mispointing is typically £Zz,, = (0.008 + 0.030) deg?.
The antenna aperture must therefore be adjusted.

0.06

Aperture
LRM numerical retracking (NR) applied to 4 tracks from cycle 10 (good 0.04
representation of different sea states) for different antenna apertures,
using the CNES-CLS Sentinel processing prototype (SPP):

0.02

Median LRM NR mispointing (deg?)

0.00 Bttt e T
&7y decreases linearly with increasing aperture 6
. fit to the data including £, uncertainties (std) e
° mln(flleM _ 62) OCCUFS for 9 ] (1 .345 i 0.060)0 —00ad » Fit: slope=-0.476°, intercept=0.641deg?, rvalue=-1.000

----- Mispointing: 0.0003 deg?
AIT uncertainty on 6=1.329°

—0.06

| | | {
T T T T
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o The pitch/roll biases are estimated from the RIP centre
(Gaussian fit to the RIP);
o The RIP shape corresponds to the along-track antenna pattern;

So why not directly fit the SAR stack for these parameters?

Simulations using the SPP, integrating a 2D SAR model
(Buchhaupt et al., 2018), show that the retracking
parameters are almost unchanged when the antenna
aperture and/or pitch are modified.

We fit the amplitude, epoch, SWH, o,, + antenna aperture
and pitch (roll when yaw 90° data) to three different tracks:
» Track 4 cycle 10 —vyaw 0°

« Track 243 cycle 9 — yaw +90°

« Track 2 cycle 2 — yaw -90°
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Track 4 cycle 10
o SPP retracked pitch of -6 £ 9 millidegree is in line with the centre of the RIP provided in the PDAP products

Circles: raw data, solid lines: uniform filter of width 20 measures 400 —
0.04 . Mean median std
SPP (by 2D fit to stack) n H [ SPP: -0.0061, -0.0060, 0.0093

PDAP (by Gaussian fit to RIP) 350
0.03 : ; -

#m 1 PDAP: -0.0064, -0.0062, 0.0090 |
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o SPP retracked antenna aperture of (1.332 + 0.06)° is
closer to the ground value of 1.329° w.r.t. the aperture | M
obtained with the LRM mispointing minimization, 1.345° Wﬂ
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(Plots for the other two tracks in Extra Slides)
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Adding the yaw 90° maneuver tracks and comparing with the standard method results:

(Millidegree) Standard Proposed
Pointing method method
Pitch and roll biases obtained from the SAR stack fit are N 9+10 6+10
consistent with those obtained from the Gaussian fit of the RIP
Ebias,roll yaw +90° -12+9 -12+10
Ebias,roll yaw -90° -10x9 -11+£10

Aperture
o Yaw 0° track: aperture from the SAR stack is lower than that obtained from the LRM retracking, closer to the ground
value and within its uncertainty of 0.01°
o Yaw x90° tracks (roll): aperture from SAR stack is larger than for yaw 0° (pitch) and close to LRM-derived value
« Different apertures in roll and pitch found for S6A by Dinardo et al. (2022) and by Buchhaupt et al. (2025), namely a
0.02° wider aperture in roll
» Investigations underway to fully assess the current model’s response to an elliptical antenna

(Degree) Ground Standard Proposed method Proposed method

method (yaw 0°) (yaw £90°)
0 1.329 +0.010 1.345 + 0.060 1.332 £ 0.060 1.344 £ 0.070
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Retracking window
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PDAP retracks the waveforms over range gates [2, 140] whereas the squared-mispointing 2, is relevant on the trailing-edge;
Mangilli et al. (2015) shows that retracking over the full window (256 gates) increases the constraining power of £2;,, and

amplitude, resulting in about 20% decrease in their correlation

6000

Retracking the same 4 tracks with the SPP full window:
&2py distributions centred at lower values and about
40% less spread, improving the estimate accuracy 2000

« min(&Zry - €2) occurs for 8 = (1.338 + 0.040)°
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Count
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=>» This brings SAR and LRM results together.
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Retracking window

PDAP retracks the waveforms over range gates [2, 140] whereas the squared-mispointing 2, is relevant on the trailing-edge;
Mangilli et al. (2015) shows that retracking over the full window (256 gates) increases the constraining power of £2;,, and
amplitude, resulting in about 20% decrease in their correlation R

= Bayesian posterior [2:140]
== Inputs

Retracking the same 4 tracks with the SPP full window:
&2py distributions centred at lower values and about
40% less spread, improving the estimate accuracy

« min(&Zry - €2) occurs for 8 = (1.338 + 0.040)°

Full window point estimates
+++ NUMOLS
NUMLES6 (WLS)

Cut window point estimates
NUMOLS
~ = NUMLES6 (WLS)

=>» This brings SAR and LRM results together.

Amplitude

The full window should be combined with the weighted least-squares
estimator (WLS) introduced by Mangilli et al. (2025) to get optimal and
unbiased retracking parameters. . — il

(Talk this morning in Instrument Processing session) s S”V:H TR

Epoch Amplitude

Xi2

Bayesian analysis on simulated S6 data. Courtesy of A. Mangilli.
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The Sentinel6 missions allowed us to establish the yaw 90° as a standard pointing maneuver for SAR
altimeters;

Our proposed method using the SAR stack consistently yields the altimeter pointing and antenna
aperture at the same time;

The antenna aperture value retracked from the SAR stack is closer to the ground value w.r.t. the one
obtained based on LRM data — further investigation needed to conclude on the potential ellipticity;

The results are comparable when retracking the LRM waveforms over the full range gate window;

The retracking of LRM waveforms should moreover be performed with a WLS retracker taking into
account a realistic waveform noise to avoid biases in the estimated parameters;

This methodology could be applied in the in-flight characterization of the next SAR altimeters (CRISTAL,
Sentinel-6NG) and throughout the full mission lifetime to assess the antenna-pointing evolution, as well
as any temporal variations in the radar-antenna aperture induced by thermally driven elastic deformation
(critical for Sentinel-6NG).
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Pitch (deg)

Track 293 cycle 9 — yaw +90° maneuver
Here the pitch actually corresponds to the roll, as the satellite is rotate in yaw by 90°.

Circles: raw data, solid lines: uniform filter of width 20 measures t —
0.04 - i Mean median std
SPP (by 2D fit to stack) 160 | [ SPP:-0.0143,-0.0141, 0.0105 |
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Track 2 cycle 10 — yaw -90° maneuver
Here the pitch actually corresponds to the roll, as the satellite is rotate in yaw by 90°.
Its sign is also inverted, as the satellite is rotated in the opposite direction.

Circles: raw data, solid lines: uniform filter of width 20 measures
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Courtesy of A.
Mangilli.
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= BayeS6 FULL window [0:256]
= BayeS6 CUT window [2:140]

Full window point estimates
+ NUMOLS
NUMLES6E (WLS)

—— NUMLES6 (WLS)

E E
ﬁ i Cut window point estimates
8_ :§ == NR PDAP
) :§ —~ =~ NUM OLS
i
i

10log10(Ampl) [dB]

&% [deg?]

Courtesy of A.
Mangilli. SWH [m] epoch [m] 10log10(Ampl) [dB] &2 [deg?]
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