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UAV Path Planning Based on Improved Harris Hawk Algorithm and B-spline Curve

Abstract

Abstract: Aiming at the global path planning problem of unmanned aerial vehicles (UAVs) in dynamic
environments, this paper proposes an improved Harris Hawk optimization algorithm. To address the
problem of insufficient search performance in the later stage of the algorithm, an adaptive chaos and core
population dynamic partitioning strategy is proposed to improve the searchability of the algorithm in the
later stage. The Harris Hawk update formula is modified, and the golden sine strategy is introduced to
improve the search efficiency of the algorithm. Then, an adaptive dynamic cloud optimal solution
perturbation strategy is integrated to improve the ability of the algorithm to jump out of the local
extremum. For the three-dimensional grid path planning problem, a valuation function is established. By
calculating the cost of reaching the endpoint for each grid, the algorithm is aided in filtering nodes,
allowing it to search for a shorter path. For the problem of the non-smooth path, the path angle is
processed by using the cubic B-spline curve for three times to make the path more suitable for UAV flight.
The effectiveness of the improved algorithm is validated by simulation experiments on international
standard test functions and static and dynamic grid maps of varying sizes and complexity. The
experimental results demonstrate that the proposed algorithm significantly outperforms the control group
algorithm. On average, the planned path is shortened by 14.94% and the number of corners is reduced by
53.31%.

Keywords
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adaption
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Abstract: Aiming at the global path planning problem of unmanned aerial vehicles (UAVs) in dynamic
environments, this paper proposes an improved Harris Hawk optimization algorithm. 7o address the
problem of insufficient search performance in the later stage of the algorithm, an adaptive chaos and
core population dynamic partitioning strategy is proposed to improve the searchability of the algorithm
in the later stage. The Harris Hawk update formula is modified, and the golden sine strategy is
introduced to improve the search efficiency of the algorithm. Then, an adaptive dynamic cloud optimal
solution perturbation strategy is integrated to improve the ability of the algorithm to jump out of the local
extremum. For the three-dimensional grid path planning problem, a valuation function is established. By
calculating the cost of reaching the endpoint for each grid, the algorithm is aided in filtering nodes,
allowing it to search for a shorter path. For the problem of the non-smooth path, the path angle is
processed by using the cubic B-spline curve for three times to make the path more suitable for UAV flight.

The effectiveness of the improved algorithm is validated by simulation experiments on international
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standard test functions and static and dynamic grid maps of varying sizes and complexity. The

experimental results demonstrate that the proposed algorithm significantly outperforms the control group

algorithm. On average, the planned path is shortened by 14.94% and the number of corners is reduced by

53.31%.
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Fig. 6 Valuation function verification

2.3 HkRE

o 2E e 5L & 4R 4k 5 7% (improved HHO,
IHHO) R AR ORI P BRI R

#i%: IHHO

1: Generate of N population and maximum
number of interations 7

2: The location of rabbit and its fitness value.
Initialize the random population X;(i=1,2,---,N)

3: While stopping condition is not met do

4 Calculate the fitness values of hawks
5: Set X as the location of rabbit best
location

6: for each hawk (X)) do

7: Update the initial energy £, and step
size J

8: Update the £ using Eq.(6)

9: if | E|>1 then

10: Update the location vector

using Eq.(8)

11: if| E| <1 then

12: if|E| >0.5 and >0.5 then

13: Update the location vector
using Eq.(9)

14: else if|E| >0.5 and < 0.5 then

15: Update the location vector
using Eq.(11)

16: else if | E| <0.5 and > 0.5 then

17: Update the location vector
using Eq.(12) and (19)

18: else if | E| <0.5 and < 0.5 then

19: Update the location vector
using Eq.(16) and (19)

20:  end for

21: While the number of iterations satisfies 7>
T/2 do

22: Calculate the fitness values of baseline
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23: According to fitness adaptive chaotic  #0.8; GWO R A4=1; WOA HiLEF IWOA [ %F

population division using Eq.(18)

24: Normal cloud perturbation of the best
fitness using Eq.(24)
25: Calculate the fitness value all updated

hawks positions
26: t=t+1
27: end while
28: end while

3 SEREEREOHT

SRS IREE . A &R 45 Windows 11(64bit), 4b
P 4% AMD Ryzen 7 5800H with Radeon Graphics.
320 GHz, &1T W 4 16 G, 1/ & 7" & Matlab
2021a.

SCEG R SN T 7R 4 B uE THHO M BE B &
HAET AN AR RIS 2 i ek, BB 4
MG OFE LY, %2 E bR A w5,
IEUE Rl A AT 3 A SRS ) THHO Sy 1) 4 e 2 15 A BH
BT, QEASHIE T AN R S, WE 2
SRANE RN AN () 52 240 R 2 P 24 P14 T 45
MRISLES . QBNAHE TE AN AR RISLL, &
H2RAR KN AFAEREE. BB EGYE
AN E R E AT SEES, 7 BiE R, @3 Ik
B-spline M Z& 2512115 Ab 3

XTI BCE B LS B 6 Fh BLVEAE oot e
: GA. PSO. GWO. HHO. #Zjig SRkt
iz ¥% 18 2% 5 7% (dispersed chaotic swarm oscillation
algorithm merged with spira, IDCSOA-S)" " Flfili & %
T (1) kG 5% I n] 2 ) B0 HHO(golden-sine HHO,
GHHO)"". #4542 Hi %) Siz 56 B B 5 Fh 534 A oxef 1R
H: GA. PSO. HHO. & 34 AT A4t 2 i
WU 1) e i £ AF2 Ak 5125 (improved WOA, TWOA)'
DA il — ¢ F K R A 75 A% 3 1) i 3 (combining
two variations LSO, CTLSO)#3%:"".

SHBE: GALXXMEp, =08, LRHFX
Pn=0.13 PSO¥JH T c =15, c,=1.5, MM

EAT IR p, =05, BEIEAFEb=1; CTLSO
FAFE I LA R 7 = 0.3

gt NRIEA M, MIRLRES 10
W, BREILEBIT 1058, Gt P mis
HEZE
3.1 BEKR

EAT [ B3 A o R BB S B, S
B AT 3 S 1 THHO 503, B8 1UE 3 1> SRS 1A AL
(I B PR HOR G DA P AE B AR R S8 2 ) o
WAL, T FESHE 8L &R
RHL 1, =500, 4EFE D=30, P HIBIIIE N=30,
RN RN R H . Horh, F~ Fo S
WL, ISR R R Fe FoONZ &N
WK, WIEFE R RS Foe FONEDE
YR 2 IR R, IR SR P R R A R AR
IR 1 fE

R EERbREN e H

Table 1 International standard test function
BRI AR a4 Al
F, Sphere [-100,100] n 0
F, Schwefel2.22 [-10,10] n 0
Fy Schwefell.2 [-100,100] n 0
F, Schwefel2.21 [-100,100] n 0
F;  Schwefel's 2.26  [-500,500] n -12 569
F Rastrigin [-5.12,5.12] n 0
F, Ackley [-32,32] n 0
Fy Griewank [-600,600] n 0
Fy Foxholes [-65,65] 2 0.998
F, Kowalik's [-5,5] 4 3.075e-04
F Six-Hump [-5.5] 2 -1.031628
F, Branin [-5.5] 2 0.398

H1 3 2 AL 7 Ak SR A St 2 vl i, % T
NN R P~ F,, ASCEVEREIRBIRNE, I
HEEE 10 BT, BWEAFRHEZERDN, W
U I IR R B T R T K R

o T 2R R B F o~ Foo A SCEEARE T 00
EUSR0VE - S AR E 22 By, i B THHO 594 AE

http: // www.china-simulation.com

* 1517

Published by Journal of System Simulation, 2024



H36 B T
2024 %7 H

A AR (1 ) U, A B ik L R T e DAL )

[
He /Jo

X T[S e R B Fo Fryy ASCRIRE R SR

Journal of System Simulation, Vol. 36 [2024], Iss. 7, Art. 1

RGN AR
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AHEE X 2

HINAEST -

R MR HES RX L

Table 2 Comparison of test function results

Vol. 36 No. 7
Jul. 2024

IR R IE, trEZE R/, YW IHHO &k

S BA 1 4 R O RORT R AR

EaRA GA PSO GWO HHO DCSOA-S GHHO IHHO
ave 8.57e+02 2.60e+03 1.11e-31 5.11e-96 1.71e-152 9.08e-186 0
F, std 1.84¢+02 3.31e+03 5.02e-31 2.79e-95 1.86e-156 0 0
Soest 4.75e+02 2.99¢+01 5.81e-32 3.34e-153 — 7.58e-150 0
ave 1.01e+02 1.51e+02 5.30e-09 2.69e-49 5.21e-108 7.77e-105 0
F, std 1.39e+01 2.45e+01 2.80e-09 1.45e-48 6.13e-108 1.11e-104 0
Soest 8.66e+01 1.29¢+02 2.07e-09 4.09¢-88 — 2.24e-131 0
ave 4.62e+04 9.18e+03 1.33e-08 2.89e-75 1.34e-85 4.70e-76 0
F, std 1.25e+04 8.67e+03 1.97e-08 1.08e-74 4.82e-86 2.57e-75 0
Soest 3.09¢+04 3.23e+03 3.09e-09 8.70e+03 — 5.10e-114 0
ave 5.05e+01 2.31e+01 4.44e-08 4.88e-50 1.07e-94 7.95e-65 0
F, std 8.28+00 5.16+00 5.55e-08 1.93e-49 2.08e-95 3.26e-64 0
Soest 4.01e+01 1.71e+01 7.11e-09 4.86e-10 — 2.58e-74 0
ave —-1.12e+04 -6.94¢+03 -3.111e+03 1.26e+04 —1.25e+04 — -1.25e+04
F std 2.47e+02 1.04e+03 3.05e+02 9.45e-01 0 — 0
Soest -1.17e+04 —-8.05¢+03 -3.68e+03 —-12 567 — — -12 569
ave 5.09¢+01 1.13e+02 0 0 1.39e-06 0 0
F std 1.16e+01 3.39¢+01 0 0 1.49e-06 0 0
Soest 3.48e+01 5.36e+01 0 0 — 0 0
ave 7.34e+00 1.23e+01 1.72¢-14 8.88e-16 3.86e-16 8.88e-16 8.88e-16
F, std 1.29¢+00 1.81e+00 4.49¢-15 0 2.53e-16 0 0
Joest 5.07¢+00 1.00e+01 1.15¢-14 8.88e-16 — 8.88e-16 8.88e-16
ave 8.36e+00 1.77e+01 0 0 5.74e-03 0 0
Fy std 3.02e+00 1.01e+01 0 0 5.53e-03 0 0
Srest 3.64e+00 4.86e+00 0 0 — 0 0
ave 9.98e-01 1.09e+00 8.24e+00 1.39e+00 — — 9.98e-01
Fy std 3.0le-04 3.14e-01 3.75e+00 9.91e-01 — — 6.35e-10
Soest 0.998 0.998 1.04e+00 0.998 — — 0.998
ave 1.93e-02 3.50e-03 2.70e-03 3.79¢-04 3.00e-03 4.11e-04 3.08e—-04
Fi std 1.71e-02 6.40e-03 6.20e-03 2.33e-04 0 1.76e-04 0
Soest 2.20e-03 3.07e-04 4.54e-04 5.96e-04 — 3.07e-04 3.07e-04
ave -1.02¢+00 -1.03e+00 -1.03e+00 -1.03e+00 -1.03e+00 -1.03e¢+00 1.03e+00
Fy std 4.20e-03 1.48e-16 1.50e-08 4.88e-08 0 9.63¢-09 2.95¢-04
Soest -1.031 6 -1.031 6 -1.0316 -1.031 6 — -1.0316 -1.031 6
ave 4.16e-01 3.97e-01 3.97e-01 3.98e-01 — — 3.97e-01
F, std 2.79¢-02 0 8.91e-07 6.68e-04 — — 0
Soest 0.398 5 0.3979 0.3979 0.3979 — — 0.3979
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Fig. 7 Test function convergence curves (part)
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Table 3 Experimental data of static map

s sk L gy R0
GA 506.485 29 14.430
PSO 484.931 23 15.036
Sl HHO 459.572 22 14.337
IWOA 466.393 19 13.822
CTLSO 460.992 14 13.112
IHHO 448.778 13 9.538

[HHO “F# 4k 2/% 5.52 35.65 3243
GA 1815.114 30 19.022
PSO 1733.927 31 18.741
S HHO 1677.342 20 17.698
IWOA 1 627.704 20 16.776
CTLSO 1613.145 14 15.830
IHHO 1592.054 14 11.753

IHHO 4k 2/% 5.81 33.63  32.95

3.3 FhAH E B AR AR SE 5

SRRV S0 B S AR, PEREAS
RIS R 2 BN R e A 2 TR VA LRI HH B A
A RE 2 A F RN, FEIAA [FE
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HIASMEL: 7 300x300%x200 Hh & i A —A4~
ANAERFY M, TIRTANLR AT, BESYE
TNHL AT B4 L BEALA B, BERSH 1 o 3k 55
0.1 m/s’, FEFFHI 8 m/s BEIEZE 10 m/s, o ANLIIE
FER10 m/s. 9 Azh b E TS i 45
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Table 4 Experimental results of dynamic map

RGN AR

Journal of System Simulation Jul. 2024

T T
GA 664.796 37 28.632
PSO 502.411 15 23.889
Sl HHO 639.471 31 47.592
IWOA 695.042 19 50.993
CTLSO 613.115 27 46.634
IHHO 453.553 6 20.393
THHO “F 1L %/% 26.27 7413 4333
GA 2 146.167 25 31.565
PSO 2112.059 24 28.076
S HHO 2194.731 21 60.631
IWOA  2216.877 20 56.057
CTLSO  2072.962 23 62.250
IHHO 1 646.203 7 27.442
IHHO P33/ % 23.34 68.81 35.40
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