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UAV path planning based on butterfly optimization algorithm in
three-dimensional space
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Abstract

Much studied have addressed Path planning as one of the main topics in unmanned aerial
vehicles; which has yielded different results due to the existing conditions and limitations. To
this end, the present study proposed an efficient algorithm underpinned by the propeller
optimization algorithm, which had a utility function and could optimize multiple responses
simultaneously. BOA is different from other meta-heuristic algorithms as each propeller
produces its own unique fit in the path by combining information extracted from different
sensory receptors. Accordingly, BOA can solve multi-objective problems. A 3D objective
function was used in this study to estimate the length of the shortest path and the intensity of
collisions with obstacles, avoid collisions and enhance UAVs’ operational capacity as a
function of consumed energy. Furthermore, A smart launcher factor was also included in this
algorithm to prevent trapping in local optimizations and promote network coverage in the
routing process at the same time. The launcher prevents collision with obstacles in UAVs by
adopting geometric techniques and the contour line. The performance of the proposed
algorithm was compared with that of the most practical meta-heuristic algorithms (namely
ACO and PSO methods). The findings revealed that the BOA algorithm compared to the
other two algorithms had the lowest cost and the second lowest cost under the best and worst
conditions, respectively. The findings also confirmed the better performance of BOA than the
other two algorithms regarding execution time and the optimal value of the fit function.
Keywords:Unmanned Aerial Vehicles , Path Planning, Butterfly Optimization Algorithm, 3
Dimension collision avoidance.
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1- Vehicular Ad Hoc Network
2- Global Positioning System(GPS)
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3- Potential Fields
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4- contour line
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5- Cell Decomposition
6- Roadmaps
7- Potential Fields
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10- Particle Swarm Optimization(PSO)
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8- Simulated Annealing(SA)
9- Ant Colony Optimization (ACO)
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11- Fitness
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Algorithm1.BOA — PATH_PLANNING

1: Objective BOA_function f(x,y, z), X
= (lenght, cost, collision), dim
= no. of dimension

2: Generate initial population of n Butterflies b; = (i
=12,..,n)

3: Stimulus Intensity Ii at b; is Determined by f(b;)

4: Define ensorypqqaiity ¢, power exponent a and

probabibility switch P

5: Call Best_Position()

6: While stopping criteria not met do

7:  For each butterfly in population do

8:  Call Fitness_calculation() using Algorithm2

9: Calculate fragrance for bf using Eq(17)

10: End for

11: For each butterfly in population do

12: Generate a random number r from [0,1]
13: If rand(0,1) > p and Switch then
14: Move towards best butterfly
/ solution using Eq. (19)
15: else
16: Move randomly using Eq. (20)
17: End if
18: End for

19: Update the value of a
20: End while
21:Output the best solution found

Algorithm3. Collision calculation
1: Objective function mountains obstacles z = (x,y)
2:  For eachlenght do
3: normal distribution function calculation
/ solution using Eq. (15)
4:  end
5:end

o lowd
Algorithm?2. Fitness_calculation
1: Define uav velocity v, number of bf in each population Nc
Population size Nol
2: While stopping criteria not met do
3 path length parameters generation
4: For each butterfly in population do
5 while length is not zero do
6 Call IAP_func %lntelligent agent produ

7: Call Throw point func
8: For each Lenghtp,,p0ine — 1 notzero do
9: For each Lenght, not zero do
10: ptr calculation
11:
cir_collision_lenght calculation
12: end for
13: end while
14: while length is not zero do
15: p; = statr point
16: P14+, = Mid point
17: For each Lenghtq,¢not zero do
18:
con_collision_lenght calculation
19: end
20: end while
21: fitness calculation
22: Collision lenght calculation
23: end for

24:end while
Algorithm4. Throw point func
1:  For each Lenghtp,poine — 1 notzero do
2: Distance,, calculation [pathpoint(I,1+ 1)]
3: Path length calculation
4: If Distance,,. > Throughput then
5: Penalty Calculation
6: Set Switch
7: end
8: end

Algorithm5. Find the optimal parameters
1: Define population size pop, number of bf in each
pop NoG, maximum number of generation M
2: Initialize the population random
3: Set parameter PS in the interval [min,...,,max]
4: Set parameter NoGe in the interval [min,...,,max]
5: Set parameter Max_G in the interval
[min,...,,max]
3: For each population size = PS do
4: For each number of gene = NoGe do
5: For each max number of gene= Max_G do
6: Generate population in 3D

7: Generate sample population
8: Update population

9: Call BOA _function()
10: Calculate cost, best,s, popsize, NoG, MG
11: endfor
12: endfor
13:end for

Algorithm6. IAP : Intelligent agent production
1: Load Dataset of Obstacle
2: Set parameters (population sizetotal number of
iteration, probabibility switch, power_exponent,
sensory_modality)
3: Initialize the positions of search agents
4: For each Number of Itrations do
5.  Generation Number of MidPoint/ based on the
length of the variable
to 3D path point 6: Reshape Papulation Value
7: Add start and end point to mid points
8: Generate path point matrix
9:  Fill in matrix pathpoint based on population matrix divi
10: end for
Algorithmé6 .Best_Position()
1 Find Minimum Fitness
2:  Find best_pos based on variable leanght
3: Update variable leanght
4: end

5 owls sele & s

Las 159 (5, 5Ls

@)

NN

Gt

rﬁ._»)}i")._) (e (G dum L5L|4‘1§)) LQ).)LLU).}_.\M 6)J)4.0L)).»

&l s ilwaisg



