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Abstract: Path planning for multiple UAVs in complex environments such as ‘mountainous areas faces many challenges,
including obstacle avoidance, maneuvering constraints, and multiple angular changes in a 3D environment. In this paper, the
sparrow search algorithm is used to find the path with the least cost and distance traveled, considering the rotation and climb
angle constraints that represent the movement constraints of the bird in the real world. Simulation results show thatthis algorithm
can efficiently guide the UAVs along the optimal path by minimizing the angle and yaw changes. Numerous experiments have
been conducted on random and real maps and have shown thatthe UAVS successfully pass the obstacles and follow the optimal
path. In order to evaluate the performance, the sparrow search algorithm is compared with basic algorithms such as genetic
algorithm and particle swarm optimization in a real, 3D environment. The results show that the minimum planned path length
with the SSA algorithm is shortened by 5% and 3.3% compared to the genetic algorithm and particle swarm optimization, the
average length of the planned paths is also reduced by 5.1% and 2.1%, respectively, and the standard deviation of the optimal
path length is reduced by 6.1% and 5.3%, respectively. The proposed method can be effective in various industries such as 3D

mapping and monitoring of complex natural areas.

Keywords: Route planning, Aerial Vehicles, mountainous areas, maneuver limit, sparrow search algorithm.
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The Ant Colony Optimization (ACO)
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The Sparrow Search Algorithm (SSA)
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The Sampling-Based Method (SBM)

The Gravitational Search Algorithm (GSA)
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Algorithm_1 The pseudo-code of the proposed model [¥¢]

g

1: Initialize the parameters of SSA: N, NP, SC, D, and Ty,
%
2. for i=1.N do
3: for j=1:D do
4: x;; = 1b;+ (ub; — lb;)* U(0,1) {Construct the initial population}
5: end for
6: Calculate f(x;) {Fitness evaluation}
7. end for
8: t=1
9:  while (I<T,,,) do
10: Select the sparrow with the best position x¢best
11: Select the sparrow with the worst position x"°7st
12: Divide population into producers and scroungers.
13: for i=1:NP do{Update the X of the ith producer}
. _

14: xit:i—l = xi'd.exp (“-itermax)’ RZ <ST

' xfqa+Q.L, R, = ST
15: end for
16: for i=(NP+1):N do{Update the locations of the ith scrounger}

16
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x\fv—xit,j . n

17: xiHt = Q'eXp( 2 ) i>7
Y xGH 4+ |xf - xbT AL, i<
18: end for
19: for i=1:5C do{Update the locations of the ith scouter}
xp + B.Jxtj = ], P>
20: xf}fl = |x-t -—xt|
, t Lj ~w —
xij+k ((fi—fw)+€>' fi=h

21: end for
22: for i=1.N do &
23: f(xi(t)) = Fcost = ?=1fi'wi
24: if  f(x;(t+ 1)) < f(x,() then
25: x;(t) = x;(t + 1) {Archives the current locations of sparrows}
26: end if
27: it f(x;(t+ 1)) < f(xest) then
28: x6best = x,(t + 1) {Update the position of the best sparrow}
29: end if
30: end for
31: t=t+1

32: end while

33: Return the best solution x?est »
34:  Path smoothing based on the B-SPLINE curve
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