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Dynamic Multi-subswarm Salp Swarm Algorithm for Solving Unmanned
Aerial Vehicles Three-dimensional Path Planning Problem

WU Guang-fu, WANG Xiao-lin
(School of Information Engineering, Jiangxi University of Science & Technology, Ganzhou 341000, China)

[ Abstract] The Unmanned aerial vehicles three-dimensional path planning problem is a combinatorial optimization problem to find
the optimal path between the starting point and the endpoint in complex three-dimensional environment, but most path planning algo-
rithms struggle to find feasible paths within acceptable time and precision range, therefore, a dynamic multi-subswarm salp swarm al-
gorithm based on K-means + + clustering optimization was proposed to address the aforementioned issue. Firstly, a new cost function
incorporating height cost was proposed within the three-dimensional environment model. The path planning problem was converted in-
to a multi-dimensional function optimization issue. Secondly, the population was clustered using the K-means + + clustering algo-
rithm, and a dynamic multi-subswarm mechanism was designed to balance the algorithm’s global search and local exploitation. Each
subswarm collaborates with multiple strategies for improvement, avoiding the algorithm from being trapped in local optima while en-
hancing global optimization capability. Finally, after validating the algorithm against five algorithms ISSA, MSNSSA, IBSO, MBF-
PA, and SSA using 12 CEC2017 benchmark test functions, it was applied to solve the optimal path planning problem in three-dimen-
sional environments. Simulation results under different environmental models demonstrate that the algorithm’s average effective path rate is
increased by 15.5% , 11% , 23% , 20. 5% and 18% compared to the other five algorithms, confirming its excellent optimization capabili-
ty in complex environments.

[ Keywords] three-dimensional path planning; cost function; salp swarm algorithm; K-means + + clustering algorithm; dynamic

multi-subswarm; collaborative improvement
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Fig. 1  Environmental model
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Fig.2  Cubic B-spline curve interpolation
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Fig. 6 Precision elimination strategy

3.3 DMSSSA EXigit5rEERES

ZE4A 3.1 1R 3.2 7Y, DMSSSA &k it th AR 1S
wr,
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Fub F b [FJELERE D

it A ARG B F, DURHGE ER ACF)

CUIRRBERIIRAL : X, = (a0, 0x,,) O
HESHL

(2] TR FREE N T HE e IR F,

[3]whilet < T, then

[4]FIH K-means + + 5 28575 X FhE IR AT 43 1, 005
B FREAEBEE N, N, N, 5

[5] fori = 1:N

[6] ifi < N, then

[7] % (22) 18 ¢, IHRIEX(16) EFHNFEME ;

[8] else if N, < i< N, +N,

[9] 4%&:0(23) ~ = (25) HHLBREH AL E

[10] else if N, + N, < i <N

[11] #(26) BHE R ENE ;

[12] end if

[13] end for
[14] PRI SRS I B, R a A E
[ 15 ]end while
[16 i A B F, BT RIEE f(F)

DMSSSA Bk AR E an & 7 frs
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T EXT N AR A B T R Ak e, T LA
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S T BN A AR AT 38 N A S LA P HE
JF I INBIRHEFT , 98 )5 1 B IR W r & BT LAz b
PRAGITEI 2R 0, (N x f + N x log,N) , #EAIE
RZJ5, T K-means + + RIE LTI T,
FRAE SCHR [ 20 ] AT LOKE 220 B8 10 Bsf 18] 52 2% B 3R o
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O;LT(N xf) +TxN] = O,[T(Nxf)] . & LPriE,
A FIZET 2 J5 DMSSSA BB 2R 0 = 0, +
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Fig. 7 Flowchart of DMSSSA
F1 WiXEH
. oA Table 1 Benchmark function
4 FTEXBSERSH R A T EET
. Shifted and Rotated Rosenbrock’s
4.1 DMSSSA HikitaEim " Funcion .
4.1.1 7—: 3&177';1‘1— F,  Shifted and Rotated Rastrigin’s Function Simple 500
F)fﬁ ff]‘j E gl; Bﬁ i";j E FH Iﬁ] 4] gl; :E’iﬁ B % EF! Brin //f? , Fy }b;}6lif};e(] alr.ld Rotated Expanded Scaffer’s I\;I‘l:lirtr;zizl 600
Y Y Pl unction > S
S {5 B4R A MATLAB R2022b, 32 47 7E Intel
. . P Shifted and Rotated Non-Continuous
(R) i7-8750H @ 2.20GHz.16. 0GB W7 A1 Win- *  Rastrigin’s Function 800
dows11 (64 P FER G I, FLH X DMSSSA DA M Fs  Hybrid Function 2 (N =3) 1 200
HoAth 5 Fhoc 3 & A 1. ISSA™ | MSNSSAM™ Fg  Hybrid Function 4 (N =4) Hybrid 1400
o1 v e o n F,  Hybrid Function 6 (N =4) Functions 1 600
[24] [25] [12] P BB 7 4
IBSO \MB‘FPA‘ (SSAE AT AR L ﬁ B Fy  Hybrid Function 6 (N =6) 2 000
T CEC2017 {)”\'Jﬁt% Fi’! E/‘J 12 /I\E‘ﬁ/f_h%:zllﬁf E/:J {)[]U V—& Fy Composition Function 2 (N =3) 2 200
PR , /ﬁ\: 28] F, ~F, VIEA IR F ~F, bl ‘]Eﬁ% PR Fiy  Composition Function 3 (N =4) Composition 2 300
Ny N ¥ . - S 2=t 2 3% F Composition Function 5 (N =5) Functions 2 500
By~ P A BRI 2 0 i o Comp
ﬁ 0 12j§,£ o @ﬁ FJ]"LB& /JL UJ ﬁ@ﬁ Fi,  Composition Function 8 (N =6) 2 800

82 2% B v HL A A R Y SR A O A, 3K B pR
a1 i,

H DMSSSA 5 HA 5 A% b B AR 4EE M 100
BRIt PR B B EA T IR, o L BE R Y B R0 B R
H IR SCHk , BARBEE IR 2 frs , BN £ 500
U, FHAESA I PR B A S738 4T 30 YR LAHERR 3L 56
BARRREALYE, PR 2 B kR e M fe BE 1
FEFRLEE 30 WA 17 )5 3R A5 A e A A0 S 2948
ZRHES . HER VAL bR e O S % e S 2, ok R
D52, et e 7 Y (8 I e o BB ) S PR AR, O 22
S A R E M, W 4 B | HE4 Bt B N
AL,

TR O RE R A SR,
®2 HIEWSHRE

Table 2 Parameter settings of algorithms

Bk SRR

DMSSSA D =100,N=30,T,,.
ISSA  D=100,N,, =30,N,, =240,T,, =500,m =2

init tot s © max

MSNSSA D =100,N=30,T,,. =500,m=2.5,b=2

> © max

=500,m=2.5,R =rand(0,50)

BSO  D=100,N=30,T,, =500,c, =0.5,c, =0.05 ¢, =2

MBFPA D =100,N=30,T,. =500,c=0.01,a=0.1

> * max

SSA D =100,N=30,T,, =500,m =2

> © max

4.1.2 FILZR 5w &t ot

N2 5 Firzn , DMSSSA 7E 12 AN s 50 B A
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BOFERI, i B3 R — 7E S HE 4
57 —m S5, DMSSSA B 254 1 7E iz pR %L
Fo F1 F, HHEf Y5 )5 T MBFPA 1 MSNSSA 4b, 78
oAl 10 AW PR E T I BUSREE — | S 2 HEA
S — UL B £ 1 SR W A A 1 HAth B 7k 1 ke
VRS LEOCALRE 1 R P AN i 1k T LA K
FIAEHE, DMSSSA 78I i R 45 I iU S5O B #0
T HA R 2, MRS Fy Fo F, F F, T HY
WSCBSORS B LAl X e S i — A B

FE 8 W Y T AT AE 100 4E T8 17 30 YRAY
SEXPUSCSIIZR I, SR T B X SE B0 25 5, AR
APUSCB 2R AT O AL B AN IE] 8 (a) FIIEI 8 (e) BT
o TEKE8(a) ~ Kl 8(d) Z W pR A, DMSSSA 4 L)
BRSO B e T A 7E F, F, R F,
KLEACF] 300 VYIRS SIORS 1 E 208 a3 HoAt 3 e
TR e 2SSO B, 2 22 AR U B 14, 332k 1)
TN SSRGS B A T o e B v /D 8 (e) ~
K 8(h) MRS BREL Fy F F, F, RIS, &
RAEIR G R A5 AR, WS B A SRS
FEERO AR T A e 3k L HEAE By ML F,
ol SOKg BE b Ml B VR AR 1 ~ 2 A B
K 8(i) ~K (1) NE A RELF, F\y. F,  F, I
SR A I R BB A K Y JR B R A
BN, 76 Fy s, Hoph— 265t LS AR Rt RE A
TR et , HAEIEAC R 350 WK A A EE kB, i
DMSSSA B 7B H] 100 ~ 200 YT 4 27 i G A
Jad et , AR AR 200 YA TG R B LA, it
AL e DMSSSA B Jsy il i A B aE g, RAL F
FFg AUAT DL Bt B3k s SR e L 1) i
4.1.3 Friedman #%

R UER] DMSSSA ik 5 HiAth 5 Fxf L 5A
RAEAE B EVEXE S R Friedman K556 %1 4% 8075 30

TR A B 2 B 2 A A A Sl 2P 25 S 1 E SO
72207, RN 3 s, Hodb 1Y) P 3Rl
R RIS AL 2 R A g2
# P <0. 01 WIEREASEL A A IR 2 (R A7 A S 3 2
5o X 30 4k 50 4 100 4k, P 435 2.312 5 x107°
5.342 3 x 10 " F13.776 4 x 107, FRL /T 0. 01, i,
] DMSSSA SKAE 3 MNERE #R 5 HAXS H R AR
WEMNR R, 22 PHAMER R EIETEA YR T R
FPFEE, 7E 3 DANFIZERE H, DMSSSA 1 RREAEAR 2
Fe/ N HE—EIERH T DMSSSA fSERE S, 45 E A
i, DMSSSA A - BH A FHAbXT HL A
%3 Friedman %t %R
Table 3 Friedman statistical results

i35y 30 4 50 4 100 4
4 2.3125%x1077 5.3423x10°° 3.776 4 x10~°

ISSA 2.15 2.33 1.95
MSNSSA 3.77 3.65 4.08

IBSO 3.32 4.45 5.16
MBFPA 3.77 3.97 3.21

SSA 5.24 5.05 4.93
DMSSSA 1.16 1.04 1.34

4.1.4 ZEMHHRREE

AT B UE DMSSSA 45 A4~ 5K B 09 A R, XF
DMSSSA Al i SR Mg E 4T 58 S TH RS2 5 KA
1 SSA B Z 1 HER NG 43 (152 DMSSSAL,
16 DMSSSAL LAY | H %F 45 S 3 AN A & 5 357 7k
TP 38 2 DMSSSA2 , 76 DMSSSA2 fi4 3Ll I
SIAGE Bl AR O 36 Bl S B 1 5375 2 DMSSSA3,
B 7E DMSSSA3 Y FEAilt I 388 A 28 11 bk 2R s 7 3
787 DMSSSA, #4457 SSA , DMSSSA1, DMSSSA2 |
DMSSSA3 Fll DMSSSA J&F 3% 1 (19 3% M R BB 170
I, &Rk 500, I ST B 4T 30 Uk, A
SRV E YR — 3, % 4 JRBL T DMSSSA ARk

—

Wizl

SERAPEEIA 43T, Friedman #5612

®4 BRBEUALER

Table 4 Test results of each strategies

HE AL SOR BE T O

e YA/ T 2
SSA DMSSSAL DMSSSA2 DMSSSA3 DMSSSA

F, 3.04 x10%/6.51 x10°  1.97 x10*/3.66 x10*  1.34 x10*/2.80 x10°  1.25 x10%/2.76 x10° 1.31 x10%/7.63 x 10!
F, 1.62x10%/1.13 x10>  1.53 x10%/7.72 x10"  1.50 x103/6.12 x 10" 1.47 x103/7.48 x 10" 1.33 x10%/4.27 x 10!
Fy 7.28 x10%/7.32x10°  7.03 x10%/4.98 x10°  6.80 x102/3.76 x10°  6.85 x 102/4.04 x 10° 6.79 x10%/3.12 x 10°
Fy 2.21 x10%/9.58 x 10" 2.20 x10°/1.06 x10>  2.09 x103/1.21 x10*>  2.11 x103/8.67 x 10" 1.92 x10%/7.50 x 10*
Fs 7.46 x108/2.61 x10%  6.21 x10%/2.25 x10°  6.15 x10%/1.33 x10'®  6.20 x 10%/8.20 x 10® 5.96 x10%/1.78 x 108
Fe 2.43 x10%/4.07 x10°  2.31 x10*/5.17 x10°  1.43 x10*/4.37 x10°>  3.34 x10*/3.50 x 10° 1.21 x10*/1.42 x 10°
F; 8.43 x10°/9.25 x10*>  8.27 x103/9.62 x10>  8.17 x10%/8.64 x10>  8.22 x10°/1.07 x 10° 7.39 x10°/9. 48 x 10*
Fy 6.63 x10°/4.54 x10*>  6.30 x10°/4.33 x10>  6.19 x103/3.42 x10>  6.11 x10°/2.45 x10? 5.75 x10%/6.33 x 102
Fy 2.56 x10*/1.71 x10®°  2.38 x10*/1.57 x10°*  2.29 x10*/1.36 x10°  2.33 x10%/1.73 x 103 2.22 x10*/1. 84 x 103
Fy 4.79 x10%/2.30 x 102 4.61 x10°/2.19 x10>  4.58 x10°/2.21 x10*>  4.64 x103/2.97 x 10* 4.57 x10%/1.09 x 102
Fy 8.13x10%/6.93 x10>  8.01 x10°/9.74 x10>  6.96 x10°/1.11 x10*  6.72 x10%/2.24 x 103 3.78 x10°/9.55 x 10"
Fiy 7.20 x10°/1.03 x10°  7.02 x10°/7.95 x10>  6.97 x103/1.45 x10°  6.89 x10%/1.60 x 103 4.14 x10%/1.18 x 102
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MF 4 ] IE H DMSSSAT 7E 12 A~ 3R bk
R S SIORS BEER A T AR i SSA, U 3h A £ ¥
O RERME A . 7R FE R WS A SE Al X 3 N1
HEO A7 B 5B O 20 E AT B i 9 55 1 DMSSSA2
DMSSSA3 F1 DMSSSA (il 25 R #54 F DMSSSAT,
Ui B A% FF A7 B BT SR % 1) e X SR M R A
FHETE, I H DMSSSA [y i 25 St DMSSSA2 F1
DMSSSA3 HARELT 1 B 22 5 Wk ip W) it gk — 20 4 7t
THEIEMERE, SCIR S R AR SR 7E DMSSSA
EREARLAY , 25 A TR W AR S N ] ml R A e [ 4
F+T DMSSSA ByZEA FALERE,

4.2 E-F DMSSSA Byt AW = Z4EE& 12 A KIK B
SHT

TC AL AR FL R 1) A 57 | & — > R B 2 1k
22301 2SR gt 1] ], 2R DMSSSA SF fiff phe i — [v] £
TR 3k X H A eREE AT SR i SO0, R i B 1Y
T — R RS ER A — 25 0T RE By BE A2, JLAE 5500t By
A BEAR SR B, TRV R AR 1) 45 AR B (AR 3%
ARSI AR bR, AE AR L) A AR A AR A A
I B2 U 1 H bR R, 2 B A iR i © AT
JE A PRI B A% S BE IUAS BRI B, RAT AR AR bR
BOFNREAR A sRECH B, FERETRE R R b, 4 3 1

Fz5 100 EREEE 30 XESITER

Table 5 Results from 30 runs of each algorithm in 100 dimensions

PR ET7n ISSA MSNSSA IBSO MBFPA SSA DMSSSA

SEHME 4.28 x10° 2.83 x10° 4.87 x10° 3.58 x10° 4.57 x10* 1.22 x10°

F, T2 1.05 x 10° 5.07 x 10 1.37 x10° 8.83 x 102 1.17 x 10* 1.05 x 10
e 4 2 5 3 6 1

SR 1.62 x10° 1.48 x10° 1.71 x10° 1.44 x10° 1.95 x10° 1.38 x10°

Fy Ji % 1.09 x 10? 8.29 x 10! 1.32 x 102 6.58 x 10? 1.05 x 10? 6.36 x 10!
He# 4 3 5 2 6 1

S 6.87 x10? 6.74 x 10? 6.92 x 102 6.76 x 10? 6.99 x 10 6.69 x 10*

Fy i 6.01 x10° 4,44 x10° 7.94 x10° 7.52 x10° 6.58 x10° 4.26 x10°
He# 4 2 5 3 6 1

T 1.95 x 10° 1.86 x10° 2.08 x 10° 1.85 x10° 2.40 x10° 1.82 x10°

F, E 1.12 x10? 1.11 x 10? 1.39 x 102 8.49 x 10! 1.14 x10? 8.43 x 10!
He#4 4 3 5 2 6 1

SH{E 2.79 x10° 1.58 x10° 4.94 x10° 4.99 x10° 5.38 x10° 6.39 x 108

Fs E 1.11 x10° 6.94 x 108 1.81 x10° 8.73 x10° 1.61 x10° 1.34 x108
HE44 3 2 4 5 6 1

SEHME 8.79 x 103 8.36 x 10° 9.97 x10° 8.98 x 10° 1.34 x10* 7.76 x10°

Fs E 1.10 x 10° 9.05 x 10 1.33 x10° 3.30 x 10? 1.64 x 10* 7.45 x 10?
HE44 3 2 5 4 6 1

SEHE 9.64 x10° 1.22 x10* 1.26 x 10* 1.04 x 10* 1.68 x10* 7.84 x10°

F; Ji % 1.13 x10° 1.55 %103 1.73 x 103 2.43 x10° 2.56 x10° 8.34 x 10°
HE44 2 4 5 3 6 1

FHIME 5.77 x10° 6.58 x 10° 7.80 x 10° 5.93 x10° 7.18 x10° 5.63 x10°

Fy VE 6.64 x 10? 6.00 x 10 5.96 x 102 6.31 x10? 4.61 x 102 4.49 x 102
He# 2 4 6 3 5 1

I 2.74 x 10* 2.91 x 10* 2.69 x 10* 2.69 x 10* 3.39 x 10* 2.12 x10*

Fy VE 1.82 x10° 1.91 x10° 2.19 x10° 2.97 x10° 1.75 x10° 1.55 x10°
He#4 4 5 2 3 6 1

SEHE 8.28 x 10° 1.15 x10* 6.38 x10° 5.66 x 10° 2.69 x10* 3.85x10°

F10 T 9.20 x 10? 1.03 x10° 7.20 x 10% 7.38 x 10% 4.76 x 10° 7.31 x10!
HE#4 4 5 3 2 6 1

SE(E 4.48 x10° 4.47 x10° 4.63 x10° 5.98 x 10° 6.52 x10° 4,12 x10°

Fy E 3.16 x10? 3.20 x 10? 3.72 x 107 1.97 x10° 7.86 x10? 4.49 x 102
HE4 2 3 4 5 6 1

SR 7.53 x10° 6.80 x10° 7.60 x10° 8.04 x 10° 2.48 x10* 4.00 x 103

Fy Ji % 1.33 x10° 9.81 x 10? 7.76 x 10> 2.00 x 10° 3.26 x10° 1.34 x 10?
He# 3 2 4 5 6 1
HE2 56— 8L 0 0 0 0 0 12
P HE# 3.25 3.08 4.41 3.33 5.91 1
SHEA 3 2 5 4 6 1
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Fig. 8 Average convergence curve plots of each algorithm
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Fig. 9  Performance analysis of various algorithms in different model
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Table 6 Path planning performance metrics of each algorithm
FREEAR eI ISSA MSNSSA IBSO MBFPA SSA DMSSSA
BARE 162.19 177.21 200. 13 260. 61 170. 80 125.26
SEHIE 318.51 260.39 220.72 395.98 387.74 130. 85
PR 1 Ji 2% 46.82 55.02 55.55 79.12 73.85 1.17
S s 20.18 18.32 24.35 23.11 22.07 19.21
H R % 100 100 100 100 100 100
e ARE 438.91 467.76 567.58 461.24 512.23 351.71
FHME 537.18 543.25 814.23 574.71 606. 85 400. 11
IR 2 I 46.50 66.45 77.26 72.26 78.22 39.23
I/ s 25.31 26.01 31.22 28.65 29.18 26.12
F AR 2 % 96 92 79 88 83 100
wE 570.45 463.70 511.56 497. 64 578.13 500. 34
THE 821.19 688.78 787.12 864.27 744.46 665.51
A 3 k= 134.12 85.67 100. 37 177.13 901.85 44.17
YIRS/ s 31.45 29.45 34.01 31.35 34.12 30. 12
B % 73 86 75 71 81 100
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SLIBATIRECH 30 FEACIRECH 200 BT AUA
DMSSSA 7£ 30 Yl ik i &R R A R A2, 7R
A1 2 rh DMSSSA (1 33 % 42 4K BE A 4 T 1SSA
MSNSSA | IBSO, MBFPA H1 SSA 4 %l B A% T
25.51% .26.34% .50.86% .33.72% F 34.06% , 4
SR ORI %) P A 2 DA v A A s el R AR
FETTAET [A] |, DMSSSA % °F- ¥4 I B 37 F 1SSA Al
MSNSSA ZJ5, 7ERLAY 3 | iy $ 5503k 1 °F- 35 i 4%
KB BB AR T 18.91% | 3.38% . 15.45% .
23.01% F110. 61% , A KR40 T 27% |
14% 25% 29% 1 19% , {E1H AR} E] I, DMSSSA 1
F MSNSSA Z J&, 4l 4& F ISSA. IBSO, MBFPA
1 SSA

ZE LR, 26T K-means + + BRI 3
TR AEAR AR T R
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5 #i
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KA RS AR, I B YA R AR A LT ISSA
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11% 23% .20.5% F1 18% . 1E 3 Fh PR 5545571 v i
SRR AR f /N, 7F B AR RS ) B AR K
JE 43 0 b At B IR R AR T 22.21% | 14.86% |
33.15% 28.36% #1 22.33% , N1 iEH T DMSSSA
TETC N HL = 4 A2 B0 R 1) 0w i o Rk, R A
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