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This paper reports the first results inferred from the investigation of sea clutter azimuthal variations and their dependence on the radar electromagnetic frequency. We summarize the results derived from the study of SAR data acquired simultaneously at X-and L-band by ONERA (The French aerospace laboratory) and compare them to results stemming from other experiments in the literature. The conclusions drawn suggest that the azimuthal asymmetry is more pronounced at X than L band, potentially indicating that the directional asymmetry of the NRCS is gradually diminished as the frequency decreases. This seems to entail that the asymmetry is likely associated to the small scales of roughness whose electromagnetic returns are measured at X band and not at L band.

INTRODUCTION

The study and modeling of directional asymmetries can give more insight into ways of improving theories on wind and surface wave coupling in the context of the recovery of geophysical parameters (e.g. for wind vector retrieval applications). More Analyses of these asymmetries are being documented based on measurements acquired using the ever increasing capabilities of airborne and space-borne instruments. The numerous data sets described in the literature show evidence of azimuthal variation of the NRCS at medium grazing angles with different empirical relationships derived to relate the angular variations to the wind and/or wave directions. However, the mechanisms at the origin of these upwind/downwind (UDA) and upwind/crosswind (UCA) observations are far from being fully understood and taken into account by scattering models. One major difficulty in this prospect is deciphering the contributions from short and long scale surface waves to these directional asymmetries. Performing a frequency analysis can provide an indication of the surface roughness scales and features that are likely to drive the azimuthal modulation, depending on wind/wave conditions and geometrical properties. The aim of the work presented herein is to investigate this frequency dependence as derived from ONERA data. The present paper is organized as follows: section 2 provides a brief overview of data having served as a basis for this study. Section 3 then exhibits results of azimuthal variations obtained from the previously described data. Section 4 establishes a comparative study by referring to results drawn from other data in the literature. Section 5 gives conclusions of the work presented herein and opens up perspectives to paired and complementary studies.

ONERA DATA

SETHI is an airborne remote sensing imaging system maintained and operated within ONERA. It integrates a new generation of radar and optronic payloads and can operate over a wide range of frequency bands from UHF-VHF to Xband, including L-band, with long range, very high resolution, polarimetric and interferometric capabilities and spans a wide range of acquisition geometries. SETHI is a pod-based system operating onboard a Falcon 20 Dassault aircraft, which is owned by AvDEF.

Data under analysis for this study have been collected within the framework of the POLLUPROOF campaign during which quad-pol SAR data were acquired at X-and Lband, with a range (across-track) resolution of 0.5 m (bandwidth from 9.6 to 9.9 GHz) and 1.0 m (bandwidth from 1.25 to 1.4 GHz), respectively. Images are processed with an azimuth (along-track) resolution equal to the range resolution at both X-and L-band, which implies an integration time equal to 1.1 s at X-band and 4.1 s at Lband. The instrument noise floor has been estimated using the method proposed in [START_REF] Hajnsek | Inversion of surface parameters from polarimetric SAR[END_REF] and the results are shown in fig. 1. The estimated Noise Equivalent Sigma0 (NESZ) is very low, ranging from around -37 to -50 dB at X-band and from around -51 to -53 dB at L-band, providing a good signal to noise ratio (SNR) over the imaged areas for efficient analysis. Figure 1 

RESULTS

To have a complete azimuth scan in the purpose of studying the directional dependency, a circular flight has been performed at a nearly constant incidence angle of 45° at X and L band. This scan corresponds to wind and wave conditions indicated in the first row of table 1. Figure 2 illustrates the variations of the resulting co-polarized and cross-polarized NRCS for this scan with respect to the azimuth angle relative to the wind direction. We recover the commonly observed pattern of a sinusoidal variation with respect to the wind direction: a maximum in the upwind direction, a secondary maximum in the downwind direction and two minima in the crosswind directions. This pattern can be accurately modeled by a truncated Fourier series expansion.

Table 2 summarizes the values of upwind/downwind and upwind/crosswind asymmetries. At X band, the UDA is found to be more pronounced for HH than VV polarization and the trend is slightly reversed for the UCA. The crosspolarized data present a less important azimuthal modulation compared to the co-polarized data. These conclusions are in accordance with the ones drawn from the study of the X band polarimetric dataset in [START_REF] Guerraou | Investigation of Azimuthal Variations From X-Band Medium Grazing-Angle Sea Clutter[END_REF]. These qualitative trends remain the same at L band and we tend to generalize them irrespective of the underlying frequency band. Nevertheless, the discrepancy in the orders of magnitudes of the asymmetries between the two frequency bands is noticeable. Figure 2 and table 2 clearly show that the asymmetries are significantly less important at L band, the difference reaching 2.15 dB (respectively 1.1 dB) in UDA at HH (respectively at VV) and about 5.5 dB in UCA at both HH and VV polarizations. In the upwind and downwind directions, the NRCS at X band is higher than the one at L band, which matches with the experimentally observed and physically modeled trend in the plateau region. However, due to the low azimuthal modulation at L band in contrast to the X band, the crosswind NRCS at X band becomes lower than the one at L band.

DISCUSSION

The previously inferred L band results are consistent with the study carried out by Isoguchi et al. [START_REF] Isoguchi | An L-Band Ocean Geophysical Model Function Derived From PALSAR[END_REF], in which they examine the L band NRCS dependence on ocean surface wind and show that L band measurements present relatively slight azimuthal modulation (1 to 2 dB) at comparable wind speeds of 8 to 10 m/s. Consistent results are deduced from the study undertaken in [START_REF] Unal | The polarizationdependent relation between radar backscatter from the ocean surface and surface wind vector at frequencies between 1 and 18 GHz[END_REF], where it is shown that, at a fixed incidence angle and for mild to moderate wind speeds, the UDA increases with radar frequency. In the same perspective, the results reported by Masuko et al. [START_REF] Masuko | Measurement of microwave backscattering signatures of the ocean surface using X band and Ka band airborne scatterometers[END_REF] exhibit a more pronounced UDA at Ka band compared to X band (1 dB discrepancy) in the vicinity of 50° incidence angle at 9.5m/s wind speed. This seems to corroborate the assumption that short waves that are instantaneously interacting with local winds are apparently the most associated to directional asymmetries. It is also noteworthy that this assumption aligns with Cox and Munk's sun glitter measurements [START_REF] Cox | Measurement of the Roughness of the Sea Surface from Photographs of the Sun's Glitter[END_REF] short-scale surface waves have been damped, the surface azimuthal asymmetry was significantly diminished, thus pointing out the role of small-scale ripples in generating directional asymmetries.

CONCLUSION AND PERSPECTIVES

The first results derived from ONERA data indicate that the directional asymmetries are enhanced as the radar frequency increases. However, a more thorough analysis is needed to confirm this frequency dependence and investigate its behavior with respect to incidence angle and wind speed.

For this purpose the study of other data acquired by ONERA at X and L band at different incidence angles and sea states is underway. Moreover, in parallel to the work on experimental data, attempts to improve the modeling of the asymmetries and better characterize and model their behavior with respect to the frequency are carried out based on NRCS simulations using the GO-SSA scattering model [START_REF] Soriano | A cutoff invariant twoscale model in electromagnetic scattering from sea surfaces[END_REF]. This latter study is beyond the scope of this paper.
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 12 Figure 1: Estimations of the NESZ at L (left panel) and X (right panel) bands

  illustrates the noise levels and table 1 provides the ground truth data for this campaign.
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Table 1 : ground truth data for the experiment.

 1 confirming that, for a slick surface where

	Date	Time (UTC)	Wind speed (m/s)	Wind direction (from-deg)	Wave height (m)	Wave direction (from-deg)	
	18 may, 2015	17:00	8	255	0.5	240	
	22 may, 2015	13:00	7	315	2	270	
	22 may, 2015	16:00	7	315	1.75	270	
							HH	VV	HV
							UDA	UCA	UDA	UCA	UDA	UCA
							(DB)	(DB)	(DB)	(DB)	(DB)	(DB)
						X BAND	3.1	7	1.3	7.5	0.8	3.7
						L BAND	0.95	1.9	0.2	2	0.1	1

Table 2 : UCA and UDA asymmetries at X and L band as derived from ONERA data at 45° incidence angle.
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