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The impact of wind on trees during the integration time of a SAR image

In this paper, we study the impact of wind on trees during the integration time of a high resolution SAR image. This study is based on both simulation results, and real images from a Tandem-X dual polarization single-pass interferometric time series, acquired over the city of Toulouse (France). We compare real data and animated models of wind-blown trees, for different parameters including Doppler shift, speckle contrast and single pass interferometric coherence.

Introduction

SAR algorithms assume that the scene is stationary during the integration window. However, many objects such as vehicles can move during an acquisition. This is also the case for elements from the environment such as the sea or the trees.

Several studies in the state of the art mention the impact of wind in SAR images on ocean surfaces or on vegetation. On oceanographic surfaces, the presence of wind is accompanied by movement and a change in the surface state. This can affect the roughness of the sea. These effects, which are perceptible in the image, can be exploited to invert wind parameters, as in [START_REF] Shao | Intelligent wind retrieval from Chinese gaofen-3 SAR imagery in quad polarization[END_REF] In the case of vegetation, the effect of wind is reflected in all three dimensions, and potentially could also affect multiple scattering. Subject to wind, branches and leaves oscillate. These movements induced a Doppler shift [START_REF] Babak | An analytical expression for the doppler spectrum of forest clutter[END_REF] in the forest clutter. In addition, they degrade tree focusing on SAR imaging.

Several studies are investigating the modification of backscatter on images of forests that have been affected by a storm. But to our knowledge, these studies only concern post-event effects. Moreover, the impact is evaluated on radiometric levels only, and not on potential microtexture effects. Finally, these effects are certainly only visible in high resolution images, rarely used for vegetation. [START_REF] Lort | Impact of wind-induced scatterers motion on GB-SAR imaging[END_REF] have analyzed GB-SAR images that assess different effects such as image blurring, decorrelation, and hence, an important coherence degradation. In this context, it has been concluded that the retrieved information from scenarios surrounded by vegetation can be deteriorated.

Thus, the long-term objective of our study is to model in a physically realistic way the effect of wind in vegetation during the integration time necessary for image synthesis, especially in images of metric or even-submetric resolution.

In order to better simulate various acquisition scenarios, more specifically, we need to know: -How to control the effect of wind on micro-textures and coherence effects? -Is there an influence of polarization in these effects? -Eventually, can these effects be unmixed from other meteorological effects such as humidity, temperature, etc.?

In this paper, we explain the approach we will implement for the future analysis, based both on the use of simulation to better control the scenarios, and on the analysis of a campaign of real Tandem-X image acquisitions. In the next section, we will explain the real data available. In section 3, we will present the parameters of interest to describe the properties of a real SAR image with a presumed link with the wind effects. In section 4, we will explain the potentials and limitations of the implemented simulation approach. Finally in section 5, we will present some preliminary results before concluding.

Real SAR images and associated Ground Truth

We use a time-series of Tandem-X images acquired in the Toulouse area in France (OTHER0103 DLR Proprosal).

The dataset has been acquired from May, the 25th 2021, in Toulouse, south-west France, until October 2022. The images have a resolution of 2mx2m, and a single pass interferometric pair is acquired at each date. These are dual polarimetric mode acquisitions. At each acquisition, the HH polarization was used. The second acquisition alternates between VV and VH.

We focused on an area including a sports field, for which the trees were specifically surveyed for a week at the beginning of our radar acquisitions: tree species, moisture content, thermal measurements, and 3D description using a terrestrial LIDAR. This site is shown in Figure 1. The corresponding extract from the radar image is shown in Figure 2.

This paper's copyright is held by the author(s). It is published in these proceedings and included in any archive such as IEEE Xplore under the license granted by the "Agreement Granting URSI and IEICE Rights Related to Publication of Scholarly Work." A weather station is located on the University site a few hundred meters away. From this station, we were able to retrieve wind data during the 15 minutes surrounding the time of the acquisitions (17:45 UTC). These data are described in the Table 1. In this table :

• Date : is given in day/month/year • Pol. : denotes the second polarization of the TanDEM-X SAR images (in addition to the HH polarization), either VV or HV • H. : is the humidity (in %) • D w : is the Wind direction (in degrees). 0°correspond to a wind coming from the North • S w : Mean wind speed in the last 15 minutes (in km/h) • D b : Burst direction (in degrees). 0°correspond to a burst coming from the North • S b (km/h) : Maximum burst speed in the last 15 minutes (in km/h)

Parameter Investigation

We propose to study three parameters that we suppose are sensitive to movement for wooded areas. They are the Doppler shift, the single-pass interferometric coherence, and the speckle contrast coefficient.

Doppler shift

One of the parameters required to perform the azimuth processing of a synthetic aperture radar 

Interferometric coherence

The interferometric coherence reflects a certain stability of the signal seen by two very weakly delocalized antennas. Also, we believe that wind effects could affect this coherence, very sensitive to the position of each of the scatterers.

Speckle contrast

The speckle contrast is a parameter that is much studied in optical images acquired by a coherent laser, especially in the context of dynamic speckle. It is defined simply as the ratio between the standard deviation and the mean of the signal. In an image, the speckle contrast can be estimated in a local neighborhood of the pixel considered for the estimation. It is a known result in speckle images that the contrast coefficient decreases when scatterers move during the integration time, because the movement generates a phenomenon of blurring of the speckle [START_REF] Erdmann | Dynamic speckle imaging of human skin vasculature with a high-speed camera[END_REF]. But to our knowledge, it has never been investigated in the field of SAR images. Also, we propose to approach it in this study. This paper's copyright is held by the author(s). It is published in these proceedings and included in any archive such as IEEE Xplore under the license granted by the "Agreement Granting URSI and IEICE Rights Related to Publication of Scholarly Work."

We reproduce data from specific trees using a simulation pipeline based on animated tree meshes [START_REF] Xavier | Modeling Windblown Forest Clutter For SAR simulations[END_REF]. Based on Lidar measurements, 3D tree meshes are reconstructed and animated in SpeedTree, a vegetation modeling software for vegetation visualization [3]. Figure 3 and Figure 4 show a Magniola present within the zone acquired with Tandem-X and its mesh generated in SpeedTree. The illumination duraction for our scatterers during Tandem-X sportlight acquisition is around 1 second.

Results

Figure 5. Simulated SAR image of a Magnolia A simulated image of Magnolia is shown in Figure 5.

Three amplitude images around a grove are shown on the Figure 6. They show the variability of speckle appearance from one acquisition to another. But it is difficult to find a descriptive parameter for this variability of the microtexture.

The interferometric coherence images show significant variations from one date to another. But for the moment, it is impossible to find a clear correlation between the wind parameters and the value of this coherence. It is likely that the ambiguity height has a greater impact on coherence, or that the correlation effects of the wind are extremely local.

The speckle contrast coefficient has an estimation variance that varies with the number of samples. It is therefore necessary to estimate it on a large number of samples. When we average its value on the 1000x1000 pixels extract, then we find a correlation -0.77 between wind and coefficient for a first orbit (38), and -0.67 for the second orbit (72). The scatterplot of our measurement is shown in the Figure 7.

The minus sign is consistent with the fact that the contrast coefficient decreases in the presence of motion. But further studies are needed to confirm this trend. difficulty of the exercise and of the set of parameters influencing our results, future analyses will be necessary, both in terms of simulation and ground truth efforts, or in terms of the repeatability of our correlations at very large scale.
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	Date	Pol.	T	H. D w S w	D b	S b
	25/05/21 VV 18,2 38 158 3	22.5 14
	16/06/21 VV 28,1 41	0	9	180	26
	27/06/21 HV 19,9 68	0	0	0	0
	08/07/21 VV 22,8 41 148 5	315	19
	19/07/21 HV	30	32 176 2	45	8
	30/07/21 VV 22,4 56 14	1	22,5	6
	10/08/21 HV 29,9 38 146 3 292,5 10
	21/08/21 VV 28,3 47 100 2	0	13
	04/10/21 VV 17,1 55 158 2 337,5 6
	15/10/21 HV 17,1 55 158 2 337,5 6
	06/11/21 HV	8,6 69	0	3 247,5 16
	17/11/21 VV	8,2 74 162 3 292,5 13
	28/11/21 HV	8,2 68 156 5	315	14
	24/02/22 VV 11,2 67 164 4	315	14
	07/03/22 HV 10,2 49	0	5 157,5 14
	18/03/22 VV 12,3 68	0	0	0	0
	29/03/22 HV 14,6 56	0	6 157,5 18
	09/04/22 VV 13,6 36 158 6 337,5 16
	20/04/22 HV 11,3 67	0	0	0	0
	01/05/22 VV 19,5 37 156 4 292,5 14
	12/05/22 HV 23,7 41	0	2	180	11
	03/06/22 HV 26,3 43	0	5	180	21
	06/07/22 VV 28,5 26 156 5	22,5 13
	28/07/22 VV 28,6 32 158 3 292,5 14
	02/10/22 VV 21,6 52	0	0	0	0

(SAR) image is the -X orbit 38 and Toulouse University Paul Sabatier weather station datas Doppler-shift (centroid) of the return echo signal. To estimate it, there exist frequency-domain techniques or timedomain methods, that seems to be more robust. Therefore, at this stage, in the absence of real raw data before SAR synthesis, we have only estimated this parameter in the context of our simulations.

Acknowledgements

The TanDEM-X data were provided by DLR under the scientific proposal OTHER0103. This work would not have been possible without the collaboration of Paola Rizzoli and Jose Luis Bueso Bello in DLR, whom we thank very sincerely. This fruitful collaboration was initiated in the framework of the ONERA-DLR virtual research center for cooperation in "AI and applications in aerospace engineering.

We also would like to thank our colleagues Karine Adeline (Onera), Jean Nabucet (IETR Rennes, France) for their contribution of the ground truth, Aurélien Plyer (Onera) for the software tools and Frederic Brigui (Onera) for fruitful discussions about SAR imaging. Lastly we would like to thank Tadek Ferrand for his contribution in Onera with tree mesh generation.