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Complete radar simulation chain: Application to maritime patrol surveillance using SAR/ISAR modes

This paper presents a new radar simulation tool, developed by ONERA and SCALIAN DS and related to the DGA "EM-PRISE®" project. This project develops a complete simulation chain for raw signal generation of large scene with several applications and processing chains. It is composed of different modules for the scene models as well as the raw signal generation and the processing that can be associated in different applications with an all in one GUI and a high computation performance. Applications includes SAR/ISAR with the possibility to create images of large terrestrial and maritime scenes, and application for maritime surveillance with generic detection and tracking processing integrated in a PPI (Plan Position Indicator) view to perform the airborne coastal and maritime surveillance. The EMPRISE® EM SCENE MODEL ("EM-SM") is the heart of the simulator that computes the signal coming from the ground/sea and the targets. The approach of the simulator is a time domain computation on a scene composed of an ensemble of geolocalized independent point contributors. After a description of the software architecture, we describe the capabilities and validations for maritime applications on a radar watch application and a Stripmap SAR application. Finally, for validation purposes, we will present a comparison between simulations and measurements of maritime scenes for a vessel in open sea and for a vessel on a quayside.

Introduction

DGA (French MoD) is working on simulation tools to support radar developments from requirements (to explore capabilities and operational performance domain) up to the final acceptance of the product. The EMPRISE® project prepares a suite for simulation of electromagnetic scenes for radar detection. The main idea is to rely on a simulation suite to replace and/or complement the information of real measurements. Based on the radar parameters (control of waveform, pointing, beamforming), the simulator includes the EM behavior of the EM environment such as the reflectivity of the terrain, sea, atmosphere, targets, jammers, rain, birds, civilian activities... The main aspects of the software architecture are:  The sensor model. It captures numerically the waves sent by the radar, produced by the industrial model (radar modes, antenna radiation pattern and pointing directions, radar emitted pulse and radar reception window) and considering, of course, the carrier pattern and motion.  The scene model that simulates the EM response of the "EM scene" to these radar emissions in order to generate the IQ signal received by each of the receiving channels.  To give control to a super-user on the operational scenario (terrain, target, weather parameters …).  To use precomputed 3D EM models of the scene components, animate and combine them, in order to build the EM response of the scene.

 To mix different models to represent the scene by considering the needs in phenomena taken into account the allocated time of computation. There are two steps to produce the signal. A 3D-EM model is build and then, a temporal method is used to compute the raw data.

The principle of the 3D-EM model is quite the same as in MOCEM [START_REF] Cochin | MOCEM -'all in one' tool to simulate SAR image[END_REF] software. It has been extended in PATMAR, in order to deal with a complex scene that includes multitarget scenario, propagation and rain effects or jammer. This step offers the advantage to use precomputed signatures (with MOCEM) or re-use scene components computed (ground, sea clutter, propagation map) that have already been computed in previous simulations. Then, a temporal method for IQ generation is applied on each scatterer with its properties (level, phase, directivity, Doppler spreading). The temporal method is simple to implement and ensure the long coherence time that is required for SAR processing. It also has a low computation memory cost in comparison with frequency domain methods [START_REF] Khwaja | SAR raw data simulation in the frequency domain[END_REF] or autoregressive methods [START_REF] Ikuma | Autoregressive modeling of dechirped spotlight-mode SAR raw data in transform domain[END_REF]. The time domain method is adapted for parallel computation and is common to MO-CEM and PHYSIQ [START_REF] Cochin | Louvigne -Raw Data Generation of Maritime Scenes Using MOCEM V4 and PHYS-IQ V1-PIERS 2015[END_REF][START_REF] Pinel | Louvigne Fast and interactive simulation software of the radar sea clutter[END_REF][START_REF] Houssay | A physical radar simulation tool of the sea clutter[END_REF] software for raw data generation and has been optimized for GPU. A special module manages the shadowing between the different contributors. For the parallel computing, the scene is divided in different batches and it is re computed for each pulse instant.

The production interface controls the emitted pulses along the time and the corresponding transmitter positions. The scene is sampled depending on the radar resolution and the raw data is derived from the coherent summation of the interaction of each pulse with each contributor of the 3D-EM scene.

Contributors can have different nature: scattering point, elementary surface or RCS extracted from a hologram for example. The Scene Model is composed of different modules that are specialized for each environment class: sea, targets, ground, propagation, clouds. Each contributors has its own global motion and internal motion (dynamic sea, rotating or vibrating parts of targets). EM effect has also its own directivity according to the EM associated mechanism.

An important advantage of the simulator is to use geo-referenced contributors. A special attention has been given to be compliant with the CDB format for terrain and shore description. The following list gathers the different parameters for the environment that are exposed for the scene configuration: tion, Wake, Kelvin wake, V wake, Bow wake

Rain
In the next section, we describe the application PATMAR that implements the different modules for a coastal radar application. A real time preview (PPI direct rendering) enables the processing of the raw signal without generating raw data, in order to create directly the detected plots considering the reflectivity of the targets, SNR and Signal to Clutter Ratio. Otherwise, a processing chain is also available to process the raw data for detection and tracking and offers radar operator interactions. The PATMAR V2 GUI is helpful to fill the scenario parameters and conducts a point-to-point simulation from 3Dview to EM signals. The user starts with the environment and can fill the sea model parameters [START_REF] Angelliaume | the GO-SSA extended model for all incidence sea clutter modeling[END_REF] and select a CDB file for the terrain/shore. Then the user can create or import the different trajectories for the carrier and the targets. The Figure 2 display the GUI for material configuration and the 2D view of the scenario.

The EM signature corresponding to the targets can be computed for a CAD model and associated EM table, via MO-CEM [START_REF] Cochin | MOCEM -'all in one' tool to simulate SAR image[END_REF], [START_REF] Barbu | Validation of SAR/ISAR imagery radar processing using simulated raw data showing realistic ship motions[END_REF]. A RCS map (hologram from a RCS code) and a Swerling model can be used. Then the radar and antenna are implemented. The antenna diagram is computed from each elementary channel positions and associated diagrams. A generic radar configuration is proposed depending on the antenna parameters. The user can modify the different parameters for the radar equation as the peak power or the noise factor. For the ship class target, special model parameters are offered for the ship wakes. It includes the new bow wave model presented in [START_REF] Barbu | Everaere-Improvement of SAR/ISAR simulation in MOCEM V4.5 by computation of the ship Bow wave -RADAR[END_REF].

In the standalone mode (not controlled by external simulation), the user can define the waveform. He sets the central frequency of the pulse, the pulses durations, the bandwidths and the repetition intervals. It is possible to associate a different waveform for each pulse. Different scanning strategies are available. For the case of SAR acquisition the spotlight and stripmap configuration are available.

Once the scenario and radar parameters are properly set, the computation is launched. A pre-processing step is done to optimize the computation by filtering the contributors that will effectively affect the final signal. For that, the user has several parameters to set. The analysis of the scene filters areas that are effectively computed depends on reflectivity level criteria. It also selects areas that can be reused from pre-computed models or from previous computations. The raw data computation is then executed. It is possible to sum or separate the components for each environment class.

Radar search track-while-scan application

We present an application example on radar search. For this application, the parameters are presented in Table 1.

If the scanning strategy is set to rotating antenna, the produced signal can be displayed as a PPI view. The Figure 2 shows the terrain preparation view in the application and displays the final tactical view with the 10 targets.

Figure 2 2D view of the EM material terrain adjustment and tactical view with the carrier and the movables.

A generic CA-CFAR detection is available as well as multiple tracks Kalman filter for the tracking. The user can directly obtain a display of the simulated scenario and rapidly see the impact of changes of target type or environment parameters, see Figure 3.

Antenna

Gain 20dB

Diagram Gaussian 

Central frequency 10GHz

Pulse duration 1µs

Bandwidth 4MHz

Pulse Repetition Frequency 1kHz

Table 1 Radar parameters for the surface search application example

SAR application

For the case of SAR signal, the computed raw data can be stored and it can be processed by FOCALISATION. This tool will be presented in the next paragraph. A specific tool has also been developed to have a quick preview of the SAR image. The method employs a convolution of the computed point spread function of the SAR sensor on the ensemble of scatterers of the scene. Thank to this method, the user can entirely simulate and preview the SAR image in just several seconds, see Figure 4.

The Table 2 summarizes the radar parameters for this example. After building and parametrizing a chain in the main interface, the user can choose to save it in order to create a SAR/ISAR video in another interface of FOCALISA-TION. In this interface, the chain is displayed and the parameters of the images set can be chosen with a layover factor. After that, the user can choose the LUT applied to the whole images set created and build a video of the set.

Antenna

The user can also choose to compare different chains of ISAR algorithms applied to the same raw data and view the efficiency of each chain. Metrics like contrast and entropy measurement can be computed to aid the comparison.

Moving target detection and tracking applications. Figure 7 shows the FOCALISATION interface and result obtained with ISAR processing on the simulated ship. 

2 Presentation of the simulator 2 . 1

 221 Software modules and architecture The general organization of PATMAR V2 includes the Reference Model, the Production Interface and the Scene Model. The Reference Model calls the Scene Model via the Production Interface. If the GUI and internal PATMAR radar modes are not used, an external reference model can replace them for the simulation. The production interface holds a large control on the Scene Model and of the optimization of the computation. It selects the geographic areas that are illuminated by the main and secondary lobes of the antenna and it defines the required level of detail. It optimizes the parallelization of the computation in order to allocate the contributors to be computed. It also controls the coupling effects to be taken into account (shadow and EM multiple paths) that had been separated in the distribution of the computation. The figure below presents the diagram of the architecture.
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 1 Figure 1 Diagram of the simulator architecture
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 34 Figure 3 PPI view for the target detection and tracking with radar operator interactions
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 567 Figure 5 BPA focalization of the raw data
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