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3-Dimensional trajectory planning for single
UCAYV attacking multiple targets

ZHANG Yu, CHEN Jing, SHEN Lincheng
( College of Mechatronics Engineering and Automation, National University of Defense Technology, Changsha 410073, China)

Abstract; A trajectory planning problem for a single unmanned combat aerial vehicle (UCAV) performing an air-to-surface multi-target attack
mission was studied. First, this problem was mathematically formulated as a variant of the traveling salesman problem (TSP), called the dynamic-
constrained TSP with Neighborhoods ( DCTSPN). A novel planning algorithm based on an updatable probabilistic roadmap ( PRM) was then presented
to solve the DCTSPN. This algorithm blends the sampling-based motion planning ideas with combinatorial optimization, and can reduce the
complicated trajectory planning problem in high-dimensional continuous state space to a routing problem on a finite discrete graph, while maintaining
completeness guarantees (in a probabilistic sense). The entire planning procedure was divided into two phases: 1) In offline preprocessing phase, the
original problem was converted into a standard ATSP ( Asymmetric TSP) by Halton quasirandom number generator and the Noon-Bean transformation
algorithm; 2) In online querying phase, a fast heuristic searching algorithm was used to solve the ATSP. To generate dynamically feasible flight
trajectories, a trajectory planning algorithm based on the Gauss pseudospectral method (GPM) was developed. Numerical experiments indicate that
the algorithm adopted can generate both feasible and near-optimal attack trajectories quickly for online purposes.
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Algorithm 1 Real-time Replanning

1 : Update the exposure cost term for every affected directed edge in PRM

2:Research a new best tour]™* = {e;(01,02) ", €p 1 (D _120m) | »(m
<n) in the updated PRM

3:if ([ =¢) then

4;2’* =¢ and goto line 17

5:end if

6: Obtain the flight trajectory associated with this new plan I+
$F =0 (D) x(D) ooy (a2 1) 2(D))

7:0f (x(v;) # the next release pose x (v,,y) prepared to visit in original
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8:Run the optimal “state-to-state” trajectory planner to find a new threat-
avoidance trajectory ¢ ( %y, 2 () ) from current state x,,, to x( ;)

9:8 "L (%1 (D7) Yo 8"
10 ; else

18"l Crogest (Vo) )04
12 .end if
13.if (flight trajectory ¢ * is infeasible) then

14 : Remove the edges which are associated with infeasible portion of 2 *
15 : goto line 2
16:end if

17:return | % 7%}
Bl 4 SRy AU A AR

Fig.4 Flow chart of real-time replanning algorithm
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Tab.1 The parameters of allowable attack regions
Attack Release Release  Release pitching
heading/(°)  height/m  speed/(m/s) angle/(°)
Targetl [45, 130] [2000,7600 ] 250 0
Targer2 [160, 3207 [3000,7000] 250 0
Target3 [90, 350] [4000,8000 ] 250 0
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(b) Time histories of control variables
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Fig. 7 Time histories of states and control variables
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(b) 3 =D trajectory
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Tab.2  Computation time of trajectory planning

N=5  N=10 N=30 N=50
Time/s 1.859  4.532  10.234  21.766
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