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I. INTRODUCTION

Passive radar systems on airborne platforms have been a subject of interest lately, combining the advantages of passive systems (low cost, low probability of detection) and improving air and ground coverage for target detection. If the concepts and first experimentations on aircrafts have already been presented [START_REF] Kulpa | The Concept of Airborne Passive Radar[END_REF][START_REF] Brown | Air target detection using airborne passive bistatic radar[END_REF][START_REF] Dawidowicz | Suppression of the Ground Clutter in Airborne PCL Radar Using DPCA technique[END_REF][START_REF] Dawidowicz | Experimental Results from PCL Radar on Moving Platform[END_REF], the concept of multiplatform and the design of a customized passive radar payload for Unmanned Aerial Vehicle (UAV) integration are not often explored.

The assets of a passive radar system mounted on a UAVs swarm are nonetheless multiple: small size platform, quick operational readiness, observation in unreachable area and it can also still operate with a reduced number of platforms. In return, a payload embedded on a small aerial vehicle must be compliant with constraints in terms of weight, size and energy consumption.

In this context, the ONERA's DORADA project objective is to demonstrate the feasibility of such a passive aerial surveillance system based on a UAV swarm.

In a previous paper [START_REF] Gabard | A UAV Airborne Passive Digital Radar for Aerial Surveillance[END_REF] we described in details the technical design of the payloads, which is based on direct RF sampling and FPGA-based real time data signal processing. This approach has been selected to reduce size and energy consumption while guarantying a flexible and modular architecture.

The experiments described in [START_REF] Gabard | A UAV Airborne Passive Digital Radar for Aerial Surveillance[END_REF] were based on the use of a fixed wing UAV with one embedded radar payload. Back then, the use of this type of carrier led to several difficulties. First, it required planning the experiments on a dedicated test site with a runway for the UAV take-off and landing. In addition, the flight repetition rate was limited by the operational flight conditions, which made the analysis of the payload performance difficult.

The objectives followed to improve the test conditions are now twofold: to be able to carry out a large number of tests in a short term delay to fine-tune the payload acquisition parameters and to have the possibility of placing the experiment in a favourable electromagnetic environment for passive radar detection considering ground-based (fixed) FM broadcasters.

In accordance with the objectives mentioned, we present in this article a detailed description of the last airborne test campaign that was carried out. Firstly, the choice of the UAV fell on a rotary wing drone. This type of carrier has the advantage of being very quickly operational for the flight. In addition there are fewer limitations in the choice of the test site than when using a fixed wing UAV.

However, it will also be shown in this article that the choice of a rotary wing drone can also present some drawbacks.

The experimental description is presented in the first part of this article. The characteristics of the rotary wing UAV are described and details are given on the modifications made to payload and antennas support to make them compatible with this flying platform. The test site is also presented as well as its advantages for carrying out the experiments. The second part of the article is dedicated to experimental results.

II. EXPERIMENTAL DESCRIPTION A. MULTIROTOR UAV

The rotary wing UAV (Fig. 1) is a Matrice600 type manufactured by DJI. The main UAV characteristics are presented as follows:

• Overall Dimensions: 1668mm × 1518mm × 727mm

• Weight: 9.5kg -Max Take-off Weight: 15.5kg

• Max Speed: 65kph

• Hovering Time, 6 kg payload: 16 min In addition the UAV is equipped with a high precision navigation and positioning system (RTK). Using dynamic differential technology, it allows reaching a positioning accuracy of +/-1cm. During a test, the drone records the flight data which can then be correlated with the radar data in a postprocessing step.

B. SYSTEM ADAPTATIONS

Two radar payloads have been used in this experiment: one is embedded on the UAV and the other one is located on the ground. The payloads had to be modified in order to be embedded on the rotary wing UAV. Furthermore, during the integration of both payloads shown on Fig. 2, some effort was made concerning mainly two points. First of all, each payload is completely autonomous and has a dedicated power supply (dimensioned to allow a continuous acquisition of 30mn);it is also equipped with its own GPS receiver.

Secondly, a specific effort was made in order to synchronize the two payloads during data acquisition when no physical link connects them together. The payload equipment specific to synchronization is as follows:

• GPS receiver provides date, time and Pulse Per Second (PPS) signal.

• Disciplined 10MHz oscillator locked on the PPS signal, in order to prevent the time drift of one payload relative to the other. • Both radars receive the start command from the same pulse generator connected to two paired-in-length cables. Fig. 3 shows the mounted payload under the UAV with its antenna support made up of three carbon tubes 1.5m long. 

D. RADAR PAYLOADS CONFIGURATION ON TEST SITE

As mentioned above, the experimentation is based on synchronised acquisition of the two radars (Fig. 5). First radar is ground based; three antennas are positioned on the floor in an open environment. Second radar is mounted on the UAV. During the radar payloads initialization process the UAV is parked close to the ground based radar to allow a physical connection with control PC. The recording initialization process and a typical flight plan are detailed in several points:

• Send PC initialization commands to the payloads • At T 0 , start command is sent on two paired-in-length cables. The two payloads receive a synchronised rising edge command and start recording signal. • Initialisation and start cables are disconnected. The two radars are free of any physical link and operate in autonomous mode. • At T 1 = T 0 + 30sec., UAV engines start and then reach rotational speed at half speed. • At T 2 = T 0 + 40sec., UAV engines reach full speed and the UAV take off (Fig. 6).

Fig. 6. UAV with payload just after take-off.

E. RECEPTION PROCESSING

We described very briefly in this paragraph the signal processing applied at the reception side. Since in this application, there is no dedicated reference channel, the reference signal must be directly estimated from the signal received on the three-antenna array. The estimated reference signal here is then provided by the main eigenvector of the received signal covariance matrix on the antenna array.

This reference signal is then used to perform clutter rejection and target detection. The clutter rejection is based on a classic orthogonal projection onto a given delay-Doppler mask representing the clutter spread [START_REF] Rabaste | Rejection of Foppler Shifted Multipaths in Airborne Passive Radar[END_REF], correctly oversampled in Doppler so as to deal with diffuse multipaths arising from non-zero Doppler contributions [START_REF] Turin | Multistatic passive ISAR based on geostationary satellites for coastal surveillance[END_REF].

III. RESULTS ANALYSIS

In this section the data from the ground based payload will be compared to the data from the UAV mounted payload. Thanks to the synchronization process, the data being compared have the same time stamp. The selected time window corresponds to the moment when the drone is at its nominal recording position at 90m altitude in a static flight and when several targets appear clearly on the range-Doppler map.

A. GROUND BASED PAYLOAD DATA ANALYSIS

The first results presented on Fig. 7 come from the ground based radar recording. These data are presented in the form of a range-Doppler map on which few targets can be visually identified. To quantitatively describe these targets, an estimation of the noise level was obtained by averaging regions on the range-Doppler map where neither target nor clutter are observed (80km<range<100km and |Doppler|>200m/s). A signal-to-noise ratio has then been calculated by comparing this estimation to the maximum signal value of each target located on the range-Doppler grid. These results are presented on Table 1. The results presented in Fig. 8 show strong divergences from the results presented above. First, very strong echoes appear at range 0 regardless of the Doppler speed. Then the majority of the targets that were detected with the ground payload no longer appear. From these results it seems that the rotary wing UAV strongly disrupts the acquisition of the FM signal. The estimation of the reference signal being sensitive to multipaths it is possible that direct signal diffraction on rotating propellers produces multipaths at extended Doppler speeds which ultimately degrade the detection capabilities. This point will need further investigation in the future. To illustrate the effect of rotating propellers, range-Doppler maps from the mounted payload have been produced (Fig. 9) during the transitional state of the UAV (between time T 0 and T 2 ). In Fig. 9b when the engines start, strong echoes appear at range 0km and when the engines reach full speed (Fig. 9c), the range 0km echoes are stronger and the noise response increases by 7.5dB.

C. UAV MOUNTED PAYLOAD COMBINED WITH GROUND BASED PAYLOAD

In order to improve the detection in flight Test site and its surrounding scene, we were inspired by experimental techniques of DVB-S signals passive ISAR radar type [8] [9]. For this type of detections two high gain antennas are used, the first one is directly pointed towards the satellite -the received signal then being used only for the estimation of the reference signal -the second antenna is pointed towards the target of interest.

In our case, since the antennas are almost omnidirectional, we cannot keep an antenna for the estimation of the reference signal and another for the target detection on a payload. On the other hand, thanks to the synchronization of the two payloads, it is possible to dedicate the first radar for the estimation of the reference signal and the other for the target detection. By comparing these results with those obtained on the ground, it is found (Table 2) that targets 1 and 2 have an improved signal-to-noise ratio of 4dB, target 3 has a slightly lower level. Target 4 is no longer visible and needs more investigation. However a new target (number 5) is detected when it was not visible from the ground. IV. CONCLUSION Thanks to the implementation of simultaneous acquisition on two radar payloads, it has been shown that it is possible to correct some undesirable effects linked to the UAV on the detection capacities.

The continuation of this work will be based on the use of two payloads in flight. In order to be able to achieve this objective, it has been demonstrated that future improvements will be focused on reducing the propellers impacts on the reference signal estimation. Solutions such as electromagnetic shielding or signal processing algorithm modification could be considered.
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 1 Fig. 1. Picture of Matrice600 rotary wing UAV.

Fig. 2 .

 2 Fig. 2. Two sides of DORADA payload equipped with its own battery and GPS receiver.

Fig. 3 .

 3 Fig. 3. Picture of Matrice600 rotary wing UAV after payload integration.C. TEST SITEFlight experiments have been conducted on an agricultural land near Toulouse, FRANCE. Considering UAV flight regulation, the UAV pilot can perform a visual flight at a maximum distance of 200 meters from him; the flight altitude is capped at 90m and the weight of the drone must not exceed 25kg. All these obligations suited perfectly our test conditions.

Fig. 4 .

 4 Fig. 4. Test site and its surrounding scene.

Fig. 4 .

 4 Fig. 4. shows locations of the transmitters, Toulouse Blagnac international airport and test site. The distance between Assalit FM transmitter and test site is 13km, the distance between Toulouse Blagnac Airport and test site is 8.5km. The analysed frequency of interest is 90.1MHz.
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 5 Fig. 5. Schematic representation of the test site.

Fig. 7 .

 7 Fig. 7. Range-Doppler map of ground based radar. Some identified targets are numbered from 1 to 4.

Fig. 8 .

 8 Fig. 8. Range-Doppler map of ground based radar. The only identified target is the number 4.

Fig. 9 .

 9 Fig. 9. (a) Data acquisition with engines and UAV off; (b) data acquisition with engines rotating at half-speed, (c) data acquisition with engines rotating at full speed.

  Fig. 10 shows the range-Doppler map obtained by combining the two payloads signals. The ground based one, therefore the least impacted by the propellers disturbance, is used to estimate the reference signal and the drone-mounted one is used for target detection.

Fig. 10 .

 10 Fig. 10. Range-Doppler map of ground based radar combined with UAV mounted radar. Some identified targets are numbered from 1 to 5.

Table 1 .

 1 Signal-to-noise ratios of targets and noise response of ground based radar acquisition

	Target N.	1	2	3	4	Noise
						response
	SNR level (dB)	13.2	14.2	19.1	12.9	-111.4
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Table 2 .

 2 Signal-to-noise ratios of targets and noise response of ground based radar acquisition

	Target N.	1	2	3	4	5	Noise
							response
	SNR (dB)	17.6 18.8 18.3 --	14.3 -97.1