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Decentralized Coordination of UAVs Swarm for describing planar shapes.

E. Petitprez, F. Guérin and F. Guinand

In this work, we propose a method for positioning, in a decentralized way, many UAVs along any planar shape defined from a reference point C.

The description of the shape uses Fourier's Descriptors (FD) from C in the plan [START_REF] Charles | Fourier descriptors for plane closed curves[END_REF]. Methods based on FDs derived from a shape signature (in general a 1D function) representing 2D areas or boundaries. The function is of the type: 2 , where (x c , y c ) denotes the reference point coordinates, β and angle ranging from 0 to 2π, and d(beta) is the distance between the curve and the reference point for the angle β (see Figure 1). From the harmonics, obtained by a discrete Fourier transformation, the distance expressed on x (North) and y (East) axes can be computed for any value of the β parameter.

d(β) = (x(β) -x c ) 2 + (y(β) -y c )
Knowing their number N , the function and the reference point, UAVs can choose their β angle (one of the 2kπ N for k ∈ {0, N -1}) in a decentralized way by communicating with each other.

From its current position and bearing, drone i can compute a filtered error vector εi of its relative position (direction, distance) compared to the target (C) using the double exponential smoothing method [START_REF] Joseph | Double exponential smoothing: an alternative to kalman filter-based predictive tracking[END_REF]. For reducing this error, we've implemented a control law which consists in regulating to zero the filtered error vector by taking into account its value and its variation and by including a saturation function f (-V if ϵ < D, V if ϵ > D and V ϵ/D otherwise) -D is a breaking distance, and V is the maximum allowed speed). The yaw position control of the UAV (β angle) rests on the low level function already available in the API. For obstacle avoidance, let V i the drone i speed be the subtraction of a repulsive speed V r i to an attractive one V a i . V a i is the attractive effect induced by drone's desired position M (ψ * i ). For coping with reactivity and flexibility constraints of the decentralized network, we decided to use a composition of virtual forces [START_REF] Rezaee | A decentralized cooperative control scheme with obstacle avoidance for a team of mobile robots[END_REF] to ensure collision avoidance. Each UAV adjusts its velocity according to the presence of static or dynamic obstacles in a defined range (see Figure 2). V r i is the repulsive effect applied by neighbor drones j on drone i. When the UAV i crosses the defined protected circular area of UAV j (i.e. d ij is below a threshold Dj ), the drone i is subject to a repulsive effect, homogeneous to a speed, which intensity | ⃗ V ij | changes according to the inter-drone distance d ij . Each UAV computes its distance d ij and bearing angle β ij with its neighbor j with Haversine function using its emitted GPS coordinate in real time via communication network. For the x component of the speed this gives: Our tests were performed on a platform made of hardware-in-the-loop devices reproducing drones' mechanical behavior and companion computers hosting our algorithm (a couple of each for each drone). Several runs were conducted on different shapes, and drones final positions were obtained with less than 10% of the position deviations from the computed shape (see Figure 3).

V x i = V a i (ê x i , V x i , Dx i ) -V r i (d ij , β ij ) = -ėx i and thus: V x i = f (ê x i , Vx , Dx ) -N j=1 | ⃗ V ij | cos (β ij ).
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