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CRISTALair

CRISTALair will act as the airborne demonstrator for Interferometric Radar Altimeter for Ice and Snow (IRIS), the main
payload of the Copernicus Polar Ice and Snow Topography Altimeter, CRISTAL

Introduction

 End product of altimeters are waveforms, which provide valuable information about the characteristics of the surface. Retracking
algorithms are commonly used to extract geophysical variables characterizing the overflown surface such as the elevation and the
significant wave height (SWH).

e Successor of ASIRAS airborne instrument for CryoSat

* In this framework a dedicated L1B simulator is being developed for CRISTALair, using both an analytical and a semi-analytical model

* Dual frequency airborne Synthetic Aperture Radar altimeter instrument

* This simulator aims to generate LR and HR power waveforms and interferometric products of spaceborne and airborne altimeters:

* Interferometry in Ku- and Ka-band
1 GHz bandwidth (sampling of full bandwidth)

L1 processor: LR, delay-Doppler and fully focused processing

e Across various surfaces.

 With different input parameters (PRF, platform velocity..).

In the following the concept and architecture of the CRISTALair L1B simulator, along with its validation.
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LRM waveform LRM Model/ Amarouche Model [2]
LRM Model * The average return power in an analytical waveform model can be represented as the convolution of the three
UF-SAR waveform components above introduced by Brown [1].
Coherence C(-[) e Amarouche .[2] enhancc?d th.e Brown Model by develf)pir.lg.a second-order model that incorporates a modified
: Bessel function of the first kind, up to order 2, resulting in improved accuracy.
Phase difference ¢(t)
HRM Model :
FF-SAR waveform HRM Model/ Wingham Model [3]
* The semi-analytical model by Wingham introduced in [3] for spaceborne altimeters generates UF- SAR
* Model-based waveform generator: analytical approach for LR altimeter waveform and semi-analytical approach for HR altimeter altimeter waveforms.

products. * |Includes interferometric capabilities and mispointing angles up to 0.4°.

* For interferometric altimeters such as CRISTALair, CRISTAL, and CryoSat-2, coherence and phase difference can also be simulated. + The cross-product waveform W(t, B) is a product of the echo response x(t, B=0), the coherence waveform

e Thermal noise is added to the waveforms in order to analyze the impact on the L1B product. C(t) and the interferometric phase difference ¢(t)

Y(t,B) = x(t,B = 0) - C(1) -d(1)

Possible to generate FF-SAR waveforms.

Results HR Mode

As described the model can be configured for LRM and HRM.

Both models have been validated using datasets from various radar Se nti ne|_6 CryoSat-Z

altimeter missions.

. To determine the accuracy of the modeled data, a misfit is calculated .
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CRISTALair LR altimeter waveform with antenna
mispointing

Cfgerence SIR_SIN 1B18.04.2023 Pulse_num: 10 Off nadir roll: 0.22°
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for each range bin: misfit(W,,o4err ¥real) =J

—— Wingham Model . Model
+ CSreal data CS real data

CS echo response
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—— CRISTALair_Ku_0°,
—— CRISTALair_Ku_0.7°
—— CRISTALair Ku_1°
—— CRISTALair_Ku_3°
CRISTALair_Ku_5°
CRISTALair Ku 7°
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. Comparison between model power waveform and Sentinel-6 UF  ° Comparison between model power waveform and CS-2 SARIn waveform over open ocean.
waveform over the Atlantic Ocean (Data from 25.08.2023) *  Dataset is from April 2023 during the CryoSat roll campaign.
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. Misfit(Wygep Woeq) = 0.08 ® In the figure above the actual CryoSat data is marked with black crosses, and solid green line represents the
modeled power waveform (left figure) and coherence (right figure)
o el *  The misfit is calculated for the power waveform is misfit(W,, 4o W eq) = 0.1
CRISTAL The coherence is compared with the model, with a misfit(Cy; 4oy C eq1) = 0-14.

. The plot shows the theoretical normalized echo response * Furthermore, thermal noise has been included in this example.

WY(t) of a CRISTALair LRM altimeter waveforms for various
antenna mispointing angles.

. It is clear that antenna mispointing has an impact on the
trailing edge slope.

Echo response with CRISTAL parameters, roll mispoiting 0.1°
Roll angle: -0.14 Roll angle: 0.22°
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Comparison of CryoSat-2 LRM waveform and model | 300 400
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time [ns] . To compute the phase difference ¢(t) we extract the phase information out of the echo cross product
e Here, an additional advantage of the simulator is highlighted: it W(t, B): d(t) = arg(W(t, B))

100 150 200 * can generate CRISTAL L1B SARIn Ku-band power waveforms, as . The left figure presents a dataset from the roll campaign conducted over the Pacific Ocean in 2010 with a
rime fne) well as the coherence and the interferometric phase roll angle of -0.14°
- This analytical model is compared to CryoSat-2 LRM difference. These outputs are produced using the waveform . the right figure shows a dataset from roll campaign 2023 over the Indian Ocean with a roll angle of 0.22°.
waveform over the Indian Ocean in April 2023 for generator with CRISTAL parameters and are presented over the * The misfit between the modeled and real phase difference is calculated as misfit(® \ 4oy P eq) = 0-091 and
validation purpose. open ocean. 0.096, indicating that the misfit is less than 10 %. Given the relatively high roll angle in this example, along
The roll mispointing is set to 0.1° with the noticeable discrepancy before the leading edge—which corresponds to irrelevant data as its prior to

from the L2 dataset; misfit(Wy, 4., ... ) = 0.13 the actual signal—this result is considered satisfactory.
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. The SWH is approximately 2 m, which matches the data/
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Conclusions

A “model-based” simulation approach has been adopted for L1B altimetry data generation

The simulator has been designed to be flexible enough to be used for current airborne and spaceborne altimeter missions and to assist with
studies into concepts for possible future radar altimeter missions.

This analytical and semi-analytical modeling approach of power waveforms under various surface and system conditions is presented, and its
agreement with real data from current altimeter missions like CryoSat-2, Sentinel-6 is demonstrated.

Interferometric observables, such as coherence and interferometric phase difference, are also modeled and validated with CryoSat-2 data.
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