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ONERA is working on a research project to design a SAR sensor prototype suitable for operation on board an UAV. In SAR processing domain a precise knowledge of airborne vehicle's trajectory is needed. After a first validation campaign, analyses of the trajectories show significant instabilities in the post-processing stage of our inertial data. Distribution of ground GNSS stations was not optimal and may be at the origin of this phenomenon. To quantify errors on trajectory, autofocus techniques have been applied and after this step SAR images presented a better focusing proving efficiency of the motion compensation from autofocus algorithm.

INTRODUCTION

SETHI and BUSARD are the two airborne SAR systems developed by ONERA since 2007 [START_REF] Baque | Ultra-High Resolution and Long Range X-Band Airborne SAR System[END_REF], [START_REF] Nouvel | The KaSAR airborne campaign[END_REF]. They integrate many sensors that cover high bandwidth from VHF-UHF frequencies up to Ku band for SETHI and from L band up to Ka band for BUSARD, with full polarimetry and high resolution capacities for most of them. These platforms are operated on airborne manned vectors, a jet liner for SETHI and a motoglider for BUSARD. On these large platforms, constraints on size and electrical power availability are minimal, which allows including high performance inertial systems.

Nowadays, UAVs are one of the airborne vehicles with higher interest. ONERA, the French Aerospace Lab, is working on a research project to design a SAR sensor prototype suitable for operation on board an UAV named SAR-Light. System, space requirement, environmental and carrier constraints have a strong impact on sensor selection and corresponding quality. Most challenging item, in the domain of SAR data processing, is the need of a precise knowledge of the airborne vehicle's trajectory with accuracy as low as a few centimeters for largest frequency bands that we may operate.

Following April 2021 data collection experiment, we successfully processed SAR images with twenty five centimeters ground resolution at X band. Main developments were on the radar data relocation technics to accurately detect positioning errors using SAR processing and autofocus algorithms. Results confirmed the limitation of our current IMU device..

II. SAR-LIGHT PROGRAM

A. Presentation

The SAR-Light prototype [ Fig 1] is under development since 2020. It offers a single polar X-band SAR sensor with a bandwidth up to 1.2GHz. System development is based on a modular strategy using PXIe digital boards, RF X-Microwave modules, custom patch antennas and compact inertial unit. The whole system is managed by an on-board CPU and through a WIFI connection to the ground operator. The mechanical structure has been designed using epoxy aluminum 3D printing. The payload mass is 5,5kg, making this one compliant to operations on board a DJI M600 UAV for a resulting autonomy of about 25 minutes. The prototype uses an SBG-system inertial unit based on MEMS technology. During flight, inertial data are recorded in raw format and then post-processed using GNSS ground stations with QINERTIA software. Thanks to this postprocessing step, knowledge of the actual trajectory of the carrier is much more accurate than in realtime.

B. Validation flights

The first validation campaign of the prototype was carried out in April 2021. More than sixty radar acquisitions have been made in south of France region. A large disposal of reflectors [ Fig 2] was installed to characterize the performance of the radar and seven different flight geometries have been be tested. 

A. Some focus defects

The first analyses of the trajectories show significant instabilities in the post-processing stage of the inertial data. The distribution of ground GNSS stations was not optimal which implies poor computation accuracy. However, in SAR imaging, the need in trajectory accuracy is directly proportional to the desired resolution in azimuth direction. With an estimated standard deviation of ten to twenty centimeters from IMU software, the SAR processing succeeded in focusing raw radar date with a resulting ground resolution of twenty five centimeters [ 

B. Autofocus technique

In order to transform this light and compact prototype into a more operational sensor such as SETHI or BUSARD, it's necessary to figure out why inertial data post-processing results are not constant on this flight and to correct for such error.

To quantify errors on trajectory, autofocus techniques have been applied [START_REF] Cantalloube | Multiscale local map-driftdriven multilateration SAR autofocus using fast polar format image synthesis[END_REF]. These techniques are now classical in SAR processing and improve image focusing by eliminating a large part of the phase errors residuals after conventional motion compensation. This is automatic error estimation and subsequent phase error removal [ Indeed, one can observe directly the better focusing of the SAR images using this motion compensation information from autofocus algorithm.

IV. CONCLUSION

In this paper, we presented our latest SAR sensor development, suitable for UAV application. This sensor operates up to now at X band, in mono-pol condition (Vv polarization state). Trajectography information collection is a key factor in SAR imagery, and we exposed in this article our first results using COTS IMU sensor (SBG system with MEMS technology). This sensor quality level is compliant with our SAR application in most of time, but we exposed some particular radar tracks where classical inertial postprocessing schemes are not performing enough to fulfill our needs. Some autofocus algorithms have been applied in such cases and resulted in good image quality. Main trajectory errors were found on vertical axis, and we are investigating some solutions such as using a dedicated ground GNSS receiver together with a private network providing GNSS correction signals. 
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 1 Fig. 1. SAR-Light X-band prototype on board DJI M600 UAV.
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 2 Fig. 2. Multi-geometry calibration area
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 3 Fig. 3. SAR Image 200x600m with 0.23cm resolution Anyway one of the acquisitions shows a particular defect that resumes the challenges of trajectories collection on light carriers. The drone performed a take-off and then ran a straight trajectory three times in automatic mode. At the end it landed at same location where it had taken off [Fig 4]. Three radar tracks were recorded on this flight. Numbers 1 and 2 showed a good and consistent image quality [Fig 3], but number 3 presents some focus defects. This case study is particularly interesting as the same post-processing was carried out for the three acquisitions. Tests of various post-processing kinematics have shown that the standard deviation variations are large, depending on the selected GNSS ground stations. The most consistent result occurs with a private GNSS stations network with much closer ground receivers. However, the improvement is not significant enough to correct SAR images [Fig 5] and we evaluated other radar processing techniques.
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 6 Fig. 6. Top without autofocus -Bottom with autofocus SAR By translating this phase correction into the UAV trajectory domain, the autofocus estimated a main correction of sixty centimeters on the altitude. Direct visual verification on resulting image is not relevant [Fig 6], but it becomes clear once plotting the azimuth impulse responses on some corner reflectors [Fig 7].
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 7 Fig. 7. Impulse responses from calibrators: Top before autofocus and bottom after autofocus
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 4 Fig. 4. Standard deviation estimated at 12cm in altitude