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Improved spider wasp optimization algorithm for
UAYV three-dimensional path planning
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(Department of Information Engineering, Sanming University, Sanming 365004, China)

Abstract: An improved spider wasp optimization (ISWQ) algorithm is proposed in this study
to deal with the problem of three-dimensional path planning of unmanned aerial vehicles
(UAV). Firstly, a lens imaging reverse learning strategy is introduced after the hunting and
nesting stages. It expands the scope of population search, enhances algorithm exploration a-
bility and improves algorithm convergence accuracy. Secondly, the real 3D terrain environ-
ment is simulated for modelling through such constraints as terrain cost, voyage cost and
boundary cost. Finally, through the simulation experiment of UAV 3D path planning, it is
shown that the improved spider wasp optimization algorithm reduces the planned path length
by 7.4% compared to the original spider wasp algorithm, thus effectively improving the op-
timization performance of the algorithm. The results of this study verifies the applicability
and effectiveness of the improved spider wasp optimization algorithm in dealing with the
problem of three-dimensional path planning of unmanned aerial vehicles.

Key words: UAV three-dimensional path planning; spider wasp optimization;lens imaging re-

verse learning strategy

& B #1:2023-06-03

HETR 4884 B ARRE4 (2021]011128) s =TT RHEHRIB 1 S5 H (2023-G-5)

PEE BT TUESNG (1983 — LI BIpITM/RIEEN . -4, 208, 5 R e ORI 50k B TR 0 FH 25 0 T ISR .
E-mail: jiaheminglucky99(@126. com,



514 BRGNS, 45 ik R S A 1 ) T B = 4 A LK) 133

Bl B2 B AR A K B JE AL AR KR BT HL 72 187 T 9 HE R 1% L 77 380K 1539 P 08 A 40
Te ANHUIESATAE 55 B8 TRDRT A9 = 22k 2 el 78 52 2% 19 T J 35 v 15 b b sl - o ) = 4K 381 e Jl B AR 28
SRR H 0 Hh, 2 5 Jo ML =GR AR FLI BE 7 AT DA I8 AL T G- il T X8 R % i Bk, B o 8 b 5 AT
% o AV =ZEBEAR R ZAETELE G % BT AL RATIREE R L S B B ) 38 2% 47 IR o 45 PR 2% 19 i
PR BRI MR LG 52 AR S R A R RERAE . JTARER AR AT 4R JC AL = 4 AR R R A AT RCR
D7 1T KA 2E 3 6 AT TR, R IS & A0SRk AT (e A HLAE =4k B A2 K040 T ELAT B i FL K e
RS ATATRCR . H AT W T 0 AL AR ) B 30k £ A Rl e ek O
TR RO IR AR A S R A M SRS AR 5 B A R s e It A e

Wk 5 140 AL 31 (Spider wasp optimization, SWO) 4& 2023 4E$2 H iy —Fp ot i L= fp st L 1
FBORE T W B O F RS SR ARSI AT A . SWO Bk AT 3 iR R AT & BE 1 . (0t A7 e WO B0k
FEAR S 2 B N SR e R R B 3355 AR S 17 2 > S W5 37 % L1 SR B AL 114 1) — e g SR s, ]
DL R A R A3 m Ak R i RE ST . PRI AR SO M Rl 5325 0 U I 1) 2 T (%) i i
AL A (Improved spider wasp optimization, ISWO) , 75 Mgk 85 e 8 A 30 v i A5 s B I By 2 )5
TSR NG S 10127 > SREM o T LA™ A e 3 0 Fr 480 2R s () o AR 2 B A Sy 0 e DI R R 56, 348 i B kAR
K

Ry itk — 2 P TC AL = EE AR () T, 56 E ISWO B3k 78 Jo AL A2 B R T 28 b ) 3 FH 4 A SC
AT T AN = AR 0 07 J . SR 245 R 3R W] ISWO B B A AR AL S A e o AL = 4 % 42
FA r - HLAG TR 58 H U B0IE T ISWO B 7EAE To AL = 4k B4 R0 K] [m) A Hp 1 38 FH I RN 350

1 BT

1.1 Z4NEEE
FAGRARIS Ry T ARBCRAFAE L. 7T LU TC AL B D BE , i To AHLHE A SN DX 80K K 1% 15 838
AR AL 3R I B b A% 38 B R BT o LS Tt TRz
BEAR RSN TC AMLIA T EIERAT: 55 O DG, T T AAIL - 4R 31— 2% MRS A B 28 0 i P R A P 5 L 75
BN PR A B, R 47 P R RE A AR e B AR AR SR . TRt A A S R PR B AR A T AL
WA R L SE I RATAT 55 MOk . AR SO R 3 AR A 28 5K 7
Z(x,y)=sin(y +a;) +b, +sin(x) +ec; »cos(d, » /x*+y*)+

e+ cos(y) + £« sin(g, « /22 +y7) (D
P ooy WERRIBSEAE AT F A AR s Z ) R KT S N SRR ay b1 v civdivers fiag1 N
W ZB L FH R T b PR ) o R AR AR
FE AT R A TC ML i 1 R SR LA ] o 12 R AR LA FH 8 50 PR BGHEA T4 AR A A Bl AR R
ﬁuT:

Z2(I,y>_§;hieXp[_<I;Z_Ii>z—(y_yi)T (2)

) Vi

A Z, vy) AHIEREG H N IR EEG b AHIESEGERIIAR &R 0y, NS DEREIEGY
TEACETE B R ARAR s o Ry S350 80 & AN LA o SRy by 1) ) sl Tl B
L2 ARFH

LY SRR TC MU AT B AR A BRI . R AR SCER M 2 A2 SR, 43301 Sy i 2 SRORIER
BYR,

TENATE IR B 5E i CATAE 55 103 A v, St f t B JE AL LA Y i L 3 JE AL /AT R B
B2 T AR B WO TR A R BT

Z: >Z,(x;vy;) G=1,2,.n) (3)

Kb Z, HHRAMCYGRTH CAT R EE s Z, (2o y) MBS BB, 2R 8l (o) TR B B T 5 52 5
n AL SR



134 HOHOM TR R 546 &

FEPATENIRAT 55 B2t A8 b B0 To AHLTE [ X3 N AR AT DAREAR RAT MY LB 4 b 58 B RA T4 55 »
TR L AT
Jl L2 < X
1<y <y G=1.2,.0) (4)
K o, v,z AR TANFES | B ZIBETE « Bl y FlORT = Bl BB AR 5 2 s Y i ~ 2 o 500 =
e D o Bl y B 2 B ECORALE
1.3 BREH
A BT R BCA R T IC BRI B4 AT B 2. 2555 BT ALY AT B4 B 5 i 2
FEL, ATAS S TE ABLI RS A M PR AR FRaR = F
min(W) =min(V,+T,+E.) (5
Krp: Vo AR s T AHIEAU s E. i AR .
WA V., EZH ETCANLME S BN Z S IR S, SR e L sE b, Rk r .

n—I1
m:Zu (6)

A T IE%E%J\ME%%&&&*LLMZIS;(ﬂLﬁE’J%DI’EIdﬁﬁiiﬁﬁﬁl‘ﬂ@?’ﬂﬁd—ckmﬁf LA Rk
TF AT AR A LA Fak s

T, =0
n P,
T.=2T,
S, T, fFeikst T
T _{M, Z[<Z2(1iayi) (8)
oo, S
A M R B SRR R
BERM E I TARUETC AR & Y N B9 RAT X b AR, b r
E. =0
n )
E.=>E,
S, B fgkst T,
E _ M’ X e I:O’xmax]ﬂyi e I:O’ymax]izi Q [O’Zmax] (10)

Lo, Hib
2 R EMERAEE

W e e (A AR T AR, T IR VR M A IR A AR A T R o R e e R A R RSB AT
R (i) (D& 57 00 M40 e A B AT R B LA S A A AL A E Lo N E 3 R
5%

2.1 HBEMME

P Tk e e O L SRR BB A S HE &l e 2 S ) ALK > ) S 3 ) TR S O o e e gl 2 sk b
AT OB EEIF R T R J o U ke 8 e S AR 0 ) A ok i 0 o S v A O B T
2.1.1 #FHrE

iRyt A SR UL ([ R VA R T/A= W (Ll

S =8 4y X (S, —S}) (1D
Ao ST S MEE B TR S OSSR MEPE R YT E s S LS S ANEE R BEALAY 2 M



514 BRGNS, 45 ik R S A 1 ) T B = 4 A LK) 135

BINLE 5 o PR E B I S 11 5 o] A TE 2 328 3l Hat 3 AT .
py=r, [ X (12)
Kb v, W FHIES A BEHLAE B —DBEHLEG ) S 0~1 Z IR BEHLEL .
FEF A A v W S 0 AT I 2 2 2 DA IR v P A R %) 5308 AL b e A1 T S e A s 1 b 48 R )
I DX I, AT M B AR B
S =S+, X(IL+r X (H—L)) (13)
Krfe SUOMTE BRI E ; L NI RS E TR r h0~1 Z B FEHLIN & H A RS E LA o, AT
iff 2 38 3 XY 1) A TE R A2 Bl HA R AT .

/42:1_’1_ X cos(2nl) b

e MIRBCR A [ O —2~1 ZIRIAYREPLEL.
AXADMADAHEANIE » PIRZRAY R A 0T E LI A T RERY X, 7EIX 2 A U 0] 7 A M 2
Y B AR R BERLAY L 40T PR

-+

!
€

_ N, s <y (15
ARK13),  Hi

K ry Fry 30 0~1 ZIEIBEDLER
2. 1.2 iBHE SRR B

O P e A A ) WK S WO 2 3k B L S e M PR DR AT ORI T 2 Rk

55 1 iR MR TR A . R e 1) R S B IR /DN, R S R RS I A A R ok R 1) AR A
M Ak. BIi E T C SRBIIIE 5, 24 C = 0. 5 B, AR B 19 3 B2 Lh ik pe, > C <
0.5 s, A e fr 3ok B b i P, LB AR T

S =8 +C X |2 Xr; XS' —S'| (16)

Kb ey HAEXEILO, 1] EHLA B A 1]

C MRIERIER 2, Bl TS Stk i 2] 0, Hat A= s .

C:[z—zx(%)]xm an

Kb ¢ A YEEREG T M RERIKELG »o S 0~1 Z [ FEHLEL
55 2 Tl 2 WOk S T B B . AE IR TS M R R R 2 TR P B A, A
RN .
S =8! Xy, (18)
Kb v. BRI ESIATEL —F & JLERUA 5 2 Ry SR8 A5 16 i e 7 8 e R i vk =~ ] B 8 1) 7 e, G
HEAKXWT .
1t
h=1— () (19
X 2 PSRRI B R R
g ANEA6), s <y
’ AFKA8),  Hi
FEPUAL IS RRTF LRI , B A 178 M v e 0o I FH A R ML ok 22 JR 48 R LAk Tm) A A DX 3, AR PT RE L 7
FET e U Aot 1 DX 3 5 3K FH 2B A -5 b ST ) o B A R R R RN T T XY iy o e o] T g DX, D ol 47 o
N JR R /IMEL s 55 o AR DA 2 s S B4 5B B A -5 0k AL ) 2 [ ) 38 36t
N5, p <k

s :{ ) 21
NR©o),  HAh

(20)

g, p S 0o~1 ZE A FEHLEL.
2.1.3 SHEME
HE P e 2 R %) e A 0 TR v A A R B b, MR B AT VR 2 SRR T O INAE S S S



136 HOHOM TR R 546 &

b 5L Al AR R S CEOR 7, PR 2 R B i SR T A A TR
55 1 AR R A 6 ) A3 5 ) X I A2 XA e AR SRR A, A A N T
S =8" 4 cos(2xl) X (§* —§!) 22)
Arb: §° MR Y Iy s F AL
5 2 AR AE DRI B LLE B A — > M Wk ) 07 L SR HBCA AL
S =8 4r, X |7 X (S, —8) 4+ (1—ry) XUX (S, —8SD (23)
Aoy AR SEYE AT A BT s St OAAIHEE T BEAL A — M S 0 8 U S R O iR Tk
G A R — 7 BT 2 AN Ha AT .

F’rﬁws (24)
0,  HAth
2 P Sy SR BEMLSZ B . R B
o [BAR@D. < .
AR 23, Hib

AR AN S8AT S 2 ] 0 A2 i i s AU e
L8R @D, i <N Xk
si _'{Q}it(25>, Aty 20
s Ny gk e e v A S
2.2 XEITAH
O e o 5 M R M AT S T R — S R B O, WAL B O A LA AR
St =Crossover(S:,S’,,Cg) 27
FH: Crossover AN EF N HT S¢S, Za], KRR A R Cg )5 S, M HER RO &, H
HHREAXWT
S =SS!+ X [B]Xv, +A—¢e) X |B ] Xy, (28)
Ao AR AR AR IS AR R A B 5 vy Ay R 2H 7 R —A> AL 1% 22 (B A ) O o) [ 5 v,
Sk A BEAILA ) 22 (R AR SR 7 T[]

xu 7x,'7 f-(xa)<f-(x,')
v, = (29)
X, — X, :/H\:,ﬂijt
N ] ( ,)< ( (.)
Vz—{xl o f o f o (30)
X=X, HoAth

b x, SRR BENLI — A MEPE T A0 B 5 x, D MMM E B AL £ (e ) f (x ) MR X, ox,
(TR BE(E s x, Al 9 FREE P BERLAY 2 AWMk e 1 02 8 5 £ Coe,) o f (e A33I0R x,  x o F93E B
JEAH

TR SR SE AT o 22 18] (4 58 4 2ot R 45 X5 8
(AR (@26), R<C0.3
Clasken,  Hit

t+1

3D

AR Ky 0~1 Z[al I FEHLER .
2.3 R AO
Y P e R A T IR NS s OGP B T E S SUR IR 2 AT R X B TR ALk i
FrhrEHC &5, RS E AT .
N =N+ (N —N_.) Xk (32)
e N NER/DFEECR



514 BRGNS, 45 ik R S A 1 ) T B = 4 A LK) 137

3 BRI EEALER

3.1 EFERRGRERNRERES R

2 I1] 2 2] 0% (Opposition-based learning, OBL) M g — N 38 a5t 540 XY B 47 & 10 2 W), LAY K38 &
S0 [ T T 5B 00 A T B A RS e U B B S . (H OBL s — LBl 5, 5] 407 3564 306 kit A 452
A RE BRSO BRI o T35 B8 U8 5 B ) S 1) 27 ) S W ] DL 3k 47 T3 DR A R e bk 1)
i

B AR B )27 > WS AN 1 7R, DL 425 ] Yp

H . La oo A5 1] AR o AMHCH 35 51 2 o

S0 Kitia b B, BB b R0 P ~

7 WU H - Rl BB R - —

ANEEER RIS PP AR BIRESE N 2 \p\
PR 1P AN o Blo RAESTE o B e

PRIl o P B MG AT L A5

a+b)/2—x h
" —(@+b/2 h” (33

DRI T m=h/h " REE B AR R R 1] 27 ) S e B A R ] AR DU R 245K
L +0; JFa,~ b, x;
! 2 2m m
e, AMRTES j R i o) N o, BB UG AR Y S I8 i sa; Ao, 530 AR R s (A vhas
YRy AR
H1 SR AT AR o (ELAY VRIS AT DATESZ B8 AR I [0 27 ) rhoiedst Sh A28 A0 i B [l fff o i — 20 B R SR
B FILRE S . AR m (HIHRAANT

3IXr %58
m:[:l +(T) :[ (35)
Kb ¢ A YEEREG T MR RERRE
3.2 ISWOiRiEE
ISWO Bk anE 2 Fis.,

4 EWHESERSH

AR SIARANE RGN Windows11 #%5,11th Gen Intel(R) Core(TM) i7-11700 2. 50GHz,16. 00 GB
WIAE, LB B B2 7E Matlab 2021a HSEHE,
4.1 BHESHIEE

RRIE ISWO Bk RE AR SCREHR 5 ANERIEATXT HE , 43501 oAy ok e 415 Ak 580125 (Spider wasp op-
timization, SWO) . IE A5 Ak B 5 (Sine cosine algorithm, SCA) ™Y | B3RS k3432 (Sooty tern optimi-
zation algorithm, STOA) ™2 B & & M4k (Spotted hyena optimizer, SHO) ™ FICAT sh 48 2 1k
(Reptile search algorithm,RSA)™ 1 B e HIEGUE ISWO 5955 X B 41k 55— Fike
ML N =20, 465 D=3, AU T =100 WA M P o =[15,9,2 ], & 5 Py =[84,96.41, £ 1 H&X}
AR S EOE
4.2 BEENFESILR

ISWO 5 5 HXF RIA IR T =100 FHRERIEE N =20 48 D=3 BT 10 WA RS
Gtk 2 iR Best AR, Mean J- P42 K, Std M EAR K EEPRHEZE . ISWO Bk ny i
RS EEAL SWO BRI 1 7. 4%, B AR FERRIE 22 BRI 1 37, 706, ULk B S5 e MR RS 31 A &5
o SCA LM ERAEAR K B R ISWO Sk T 12. 8%, FEMERRE: 22 T ISWO Bk, STOA ik

BT BBERR 1 5 ) SR s

3D




138 HOHOM TR R 546 &

R AEFS AR B ISWO BESUEIN T 1. 106, R MIZFE SR RERR . (0 AP B AR B R A0 1
PrfEZES R T ISWO 5k RUNZIAARE MR 2E . SHO RIE R R R IAR K CF R B2 KO LA
B K EEARMEZZ B I 5 T ISWO 595 . RSA RE AR RS AR REZ4 ISWO Bk BE I 1 1. 620, B{ AR K
JERREZE SR 1 16. 800, Z5 BRNIA, ISWO AL TC AN = ZEE8 A8 LRI Hh B8 H A 305 HAT R4 00

REFIARE

[ wkkEEsE ]
v
\@ﬁwm%gﬁﬁﬁ |
[ tEEmEE |

KA
= While t < T

X

B <
T« R<0.3 2
=]

T e B (o
ReEANX (23)

T M B (o
RAEAX (13)

T M B o
ReEAK (11)

T M B e (o
ReEAK (18)

T M B (o
ReEAK (22)
[

TE i M B (o
ReEAK (16)
[

S RMARE > EHEMRER e % <« REAR (29) e
ot (31 RIEAS (27) P
=+ 1 }
v
R R R
miEAR (32)
E 2 ISWOBERE
*1 HESHIZE x2 BNMUUEENEE
Bk SR E CRCS Best Mean Std
.57 8 -
ISWO L € [0,1]m = [1 +(3;<f)“ ] ISWO 141. 7621 157. 2484 10. 5661
WO € [0.1] SWO 153. 1403 174. 7777 16. 9691
]”l )
SCA € [0:2)r, € [0:22Tsr, € [0:2]0r, € [051] SCA 159. 9095 180. 3132 24. 5126
STOA « €0,2] STOA 143. 3191 188. 4161 39. 5951
SHO ry € [0s2]s¢)vc, € [0,1],m € [0.2,1] SHO 162. 2805 198. 2812 22.9361
RSA ¢, =0.5.cy =0.05,c5 =2 RSA 144. 0282 162. 1279 12. 3378

TE o g3l G A (2 P D IR 5

K 3 N A RIEAE R — > =4E M i D5 BRI B A, 1] 4 D9 Bk i Bt 2 . A =4k e i 07 M
R AR AT Y ISWO S95 B AL 30 Ay e A 8 i o L X5 0 bk T 13 5 S R S 2 e Ay e AT St 4%
A ISWO $8 3k 3 R (R e A ELRCA B0 a9 Bkt R i B L R BE 1 . ISWO S0k B LRI Y B A 1
JER SWO BEID T 41,600 8CR B3 . SWO RIE R0 ELER AR T iR B Be ) 47 4R BN B B, 2 )5



AR BURGNG L 20 . Ok R o 0 DL A R ) TE AL = 2 B A ALK 139

AR ] R B AR AT RE L s MU S 2 T & 1 SWO SRk I SO BE IR HLAE 40 IRZEAT SR T R
A Bk R R R RE 18555 . SCA Ik B 1 BLHAR N7 M 8 i — A o LI A HIRB 28 i, AT I AN
ISWO 55k s SCA Bk Ak AX 45 WA A A $ B ] AR I HIH T U AR RO I BB ISWO Fk i 1
24. 700 FALMERERE2E . STOA Tk M st £k B A B (3 1oz B2 (L (H O S5O JBE 8 ISWO kg 1
8. 60 W SIGH FERNE . SHO B Fir kLI i B A2 W L B A%, B2k it 47, 2 Te ki 42 HL Ll Sith 2 7 i
A AR e A0, B R R PR B A RE 458 . RSA B i 05 LB ARTETT LA Bir Bt 4 s S 7 [ 3-4%
T /N B R A FAR B R B AR AT B AR N A ISWO Bk H B AR K R ISWO B3 1 7. 4%,
£5 LI  ISWO FE AT AL = ZE B AR MU Hh B 5 1 H A B 1 SV RE AN Ao () & A

1000
900¢
800+

50 60

07 0 20 30 % Ty
Rl 3 4458 A6 A [R) = 4k 34 55 A A 08 B 2% HARUHK
o SR < N =——ISWO; ==SWO; ——SCA; B4 ks 2
_STOA; SHO;_ = RSA _ISWO;_SWO; —‘SCA; _STOA;

SHO;= = "'RSA

4.3 BHENTESHLER

0 3 A AR i A S 7 38R A PR R A A TR B8 T S LASRAIE ISWO B85 7 I XA [ M fE
BRI RLRIRE S . ASCHESL T 4 AR HEA R Y  HHIE K ISWO 5332 19 05 ELH AR A 73
HnE 5—K 8 .

150
100
&l 50
0 -t 100
; 100
40 . __a
00 il Vil 200 0 0
5 Z ARG FH £ b )P
o A 2 A —ISWO E 6 Zduim g, Hhp

o LA AL =—ISWO

100

il 20 T2

FLT ey U UL U L4 0 I8 20 2 i Ui BEL P4
o kL - Zxils —ISWO o A+ &M —ISWO



140 RO TR R 546 &

K 5 2 2RI FHE , NI TRl & ) ISWO S39% B LI Y i A Je 280 W LD 2 [ B9 3 I S %
MR A LG 73 e BT T B i L e B R B AR AL RE ). 6 T 2 B LA R I L A
KR H ISWO S09% B AL R Y A e MZE M SR iy 2 A L, I e DA ERS 3 A 1L e e 22 1) — M 220 It
FHRIR L R BA BRI SOUIERE . [ 7 J2 5 g e DU BP0 E . I R T TSWO 5032 B ML el #)
AR TERE T MBE L AT A0 (1 e W 2o M S AT BRI B SE PR T o 18] 8 JE 2 IR 2 e B e A
A ISWO 5535 B AL B BR AR AR e SR 1 BELEY 1 W 4 70 30 ok T2 B 0 1) 70 SRS 2 BELY 1L g ) 7
DE Ao o RETT 726 1 BELES L0, e MBSO R )7 847 . 288 Bk, ISWO FEEETE R0 A 6] HE i
SRR ) A AL SR HLH A — 7 1 5 B HAT B 0 25 B AR LRI E )

5 #RiIE

ARSCOA R TE ML= ZEFEAR ML BE T o St T — b e 2 A ek s e DI AR 500k o 7 D i o 2 0
PUALT I B R LS I T B B 1) 2 ) S L R AR 13k B AR i e L B R L 5 T A IR R AE
J1. TTAHL=ZERSAR I 05 B2 52 ] ISWO S9E 7 oA ML AR LR R B 0 T Al 553k Bl A A
Il iy S 2 U

£ % ik ( References) :

(1] #0H, MEZ o 55 ST EOkSE R IR NSRRI )], T LN, 2021,41(2) :390-397.
HUANG Shuzhao, TIAN Junwei, QIAO Lu, et al. Unmanned aerial vehicle path planning based on improved genetic algorithm[]].
Journal of Computer Applications,2021,41(2):390-397.
(2] #f, BB, 1A, 4, ST o AL SR 10 JE B = et RN L) . T1HEEHLO L, 2024, 41(7) - 80-84.
GE Chao, MA Penghe, WANG Lei, et al. Three-dimensional path planning for UAV based on improved snake optimizer algorithm[]].
Computer Simulation,2024,41(7) :80-84.
(3] Wk, PhFF, BEAHE, —FBT A0kl A S AN = A LRI [ ], SO0 T K247, 2022, 44(7) 1 80-88.
BIAN Qiang, SUN Qi, TONG Yude. A new improved A * algorithm for UAV 3D path planning[J]. Journal of Wuhan University of
Technology,2022,44(7) . 80-88.
(4] AW, JEAMULES B SR A i o SO B LT 7HRLI I, 2013, 30(4) :45-48.
HUA Shanshan. Research and simulation of UAV route planning optimization method[]]. Computer Simulation,2013,30(4) :45-48.
(5] SRBTYE, fu B, REHEh BOBORE AL TR R A2 i 0 AL = e B A BRI L) . S ML TR 584, 2021, 43(10) £ 1891-1900.
SONG Ani, BAO Xianzhe. An elite diffusion ant colony optimization algorithm for solving 3D path planning of transportation UAV []].
Computer Engineering & Science,2021,43(10):1891-1900.
(6] BRHSE ., Z2ar i SR L 55, 56T BOHRFREF L I JE AL =AM ()], JoZk s T, 2023, 53(2) : 394-400.
CHEN Minggiang, LI Qifeng, FENG Shujuan, et al. Three-dimensional trajectory planning of UAV based on improved particle swarm
optimization algorithm[]J]. Radio Engineering,2023,53(2) ; 394-400.
[7] ABDEL-BASSET M,MOHAMED R,JAMEEL M, et al. Spider wasp optimizer: A novel meta-heuristic optimization algorithm[]]. Ar-
tificial Intelligence Review,2023,56(1):11675-11738.
(8] BRIy, % [EIHE, B2, 45, A ORI LA RS U4 2% > 0 HHO Ak Rk L] THAEHL TR S50 A, 2022, 58(10) : 76-86.
CHEN Gong, ZENG Guohui, HUANG Bo, et al. HHO algorithm combining mutualism and lens imaging learning[ ] ]. Computer Engi-
neering and Applications,2022,58(10) :76-86.
[9] QIZ,SHAO Z H,PING Y S,et al. An improved heuristic algorithm for UAV path planning in 3D environment[ C]//Proceedings of
the 2nd Intelligent Human-Machine Systems and Cybernetics. Piscataway:IEEE,2010:258-261.
[10] TIZHOOSH R H. Opposition-based learning: A new scheme for machine intelligence[ ] ]. IEEE,2005,1:695-701.
[11] MIRJALILI S. SCA: A sine cosine algorithm for solving optimization problems[]]. Knowledge-Based Systems,2016,96:1-14.
[12] DHIMAN G,.KAUR A. STOA: A bio-inspired based optimization algorithm for industrial engineering problems[ ] ]. Engineering Ap-
plications of Artificial Intelligence,2019,82:148-174.
[13] DHIMAN G,KUMAR V. Spotted hyena optimizer: A novel bio-inspired based metaheuristic technique for engineering applications[ ] ].
Advances in Engineering Software,2017,114.48-70.
[14] ABUALIGAH L,ELAZIZ M A,SUMARI P, et al. Reptile search algorithm(RSA) : A nature-inspired meta-heuristic optimizer[ ] ].
Expert Systems with Applications,2022,191:116158.

(THES R TRpesh; EURE  F2UL)



