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3D Path Planning of UAYV in Complex Urban Environment
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Abstract: A transition-based rapidly-exploring random tree (T-RRT) algorithm can quickly find a low-risk path for a
robot in a two-dimensional complex cost space, but it delivers a poor planniné result for an unmanned aerial vehicle
(UAV) in the three-dimensional flight condition. To solve this ptoblem; this study proposes an exploring heuristic
transition-based RRT (EHT-RRT) algorithm. The algorithm introdtices the heuristic idea of the A* algorithm on the basis
of the T-RRT to explore the heuristic cost, and it estimates the path cost from the perspectives of risk degree, path length,
path deflection angle, and height changeito impféve the quality of the path. Then, the local node slip strategy is employed
to make the path deviate to the low—ri.sk area, and the local best direction attribute is added to each node. At last, the tree
node exploration mechanism is improved through three directional vectors, i.e., random direction, target direction, and
local best direction, to get rid of the blindness of the T-RRT algorithm in path finding. In addition, a target point offset
with a probability of 20% is used to improve the planning efficiency. The results of simulation experiments show that
compared with T-RRT, BT-RRT, and T-RRT* algorithms with the same target point offset each, the EHT-RRT algorithm
can generate a shorter, safer, and smoother 3D path and better solve the 3D path planning problem of UAV in complex
urban environments.

Key words: rotary-wing UAV; complex cost space; 3D path planning; exploring heuristic transition-based RRT (EHT-
RRT); transition-based rapidly-exploring random tree (T-RRT)
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H9% 1. TransitionTest(¢(Xpear)s c(Xnew)s AKX ancar—Xnew))

begin
if ¢(Xpew) > Cmax then return False;

if ¢(Xpear) > ¢(Xpew) then return True;
p=exp( *(C(Xnew)*C(Xnelag})/d(xnear*xnew) )

if Rand(0, 1) <p then
T=Ta,
Mg = 0;
return True;
else
if NE,i| > NFailmax then
T=Txa,
Nggi = 0;
else
il = Npgt + 1
return False;

end
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the point 7oy, & Xgoai; Prin_cost
the threshold of variance a.

Output: best_dir.

begin
if cost_inf num = 0;
cost_var = variance(CM);
if cost var<a
best_dir = Xy Thews
else
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