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N
Given a set of UAVs, the 4D-Contract Repair Problem (or 4D-
CRP) amounts to find a set of corrective actions to solve all the
conflicts between the trajectories of the UAVs, whilst minimizing
the overall cost of the corrective actions
e A trajectory wis aset W C R* of 4D points w = (x, y, z, t)
where x and y are coordinates on the 2D plane (or GPS
coordinates), z is the altitude, and t the time
e Safety tubes are volumes defined horizontally (for x and y
dimensions), vertically (for z) and timely (for t), by
T = (h, v, t), around each segment of a trajectory w, noted YN
O'T(w) T
o A UAVis defined by a tuple u = (p, s, d, ¢, w), where l
p=(x,y,z t) € R*is its position,
s = (h, v, a) < (Amax, Vmax: amax) € R> represents its current
horizontal (in m.s1), vertical (in m.s™!) and angular
(rad.s™') speeds. d € [0, 2TT] defines its current direction, ¢ | S |
is its current state of charge, and w is its 4D -Flg.ure: 3 UAVs following their trajectorlgs (green, Ic.)lue and yellow) h.andllng some
traiectorv/contract incidents (orange stars), a Medevac helicopter on its emergency trajectory (red),
rajectory and identified conflicts (red circles), from [2].
N )
-~ Corrective Actions ~  ~ Action Costs and Concessions ~
e Simple and understandable actions to modify trajectories kc(a) : the difference between the initial number of conflict the
® postpone (delay waypoints) conflicts in the resulting set of trajectories
® elevate (change altitude to bypass contlicts) kp(a) : the energy consumption resulting from performin
e skip (remove conflicting segment) b .t' gy P 9 P 9
e Foster clarity, scalability, and predictability while ensuring acf |cr)]n Z I Hing ¢ o rming th _
safety by maintaining separation between UAVs kq(a) : the delay resu tln.g rom per OTm'”Q the actlon.a
N ) Kw(a) : the number of missed waypoints, i.e. 1 for skip, 0
. i otherwise.
e |nVEStIgat6d SO'UtIOn MEthOdS ™ K_b(u) - the total energy conceded
o Graph Search: centralized K__d(”) - the total delay concedea |
e Sequential Auctions: distributed, based on SSI [3] Kw(u) : the total number of withdrawn waypoints
e Sequential DCOP: distributed, based on AFB [1] = Lexicographically ordered (e.g. guarantee safety before QoS)
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Figure: Average values over 30 instances for several performance metrics with increasing number of UAVs.
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