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AR R 2 T BUK S M 2R A A A2 4L
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T 5 52 Bk M, A5 T8 KIS A8 7 98 5 0] R 2
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Jilh e T DL BN
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PRUNERRF R B AR RE R B A 98, 81, o A
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EVEREAR (W EAEESE) o R IXLE S AR AL JE AL
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SGNR DN PR M 7Y S € M s
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BEARSQMEMBNE, RIHEMM T —Bhak, L
DULACRERE . I IEAN W25 22 4. BEAE PR B4
TR RS EIE N, QIS RS, XA TR
THR 2 R R SE AR 3 e

4 ANTERERAREKE M LB Y
R RRER

TESEPRER B IR AN RGEH, WAFETA
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O &R T e 1 i i e se s, HIX LR
ALK TS BR 3G UE M B 24T, AN LR e ALK
JE R 288 2% EH B0 () SRR R A DA o 3, R
*?ﬁ%‘iﬂﬁ% ARG EIASE, DAIGUE 5 %
PIvERE. TRHBEE HEERI S, AT DK 7K R 28 2% H
/\7'J$EE§HH$D}:?)§E§HH ﬂﬂl@Gﬁﬁﬁ?o ERTF
THI 26 R 7K S 28 H, AN 7K 1 s R A A E
BAZS M B, Lo bl 2 8 T 1 i
H, WMRKZHENSHE . 7EHT E 90 7K 5 9
g, KT R AAEAEZE 5, 53 7K 1T RAE
AR ORI E EERER; W ER R, AR
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R e LR R AU T R A 2 2] B E
SIHESRROR Re k. AEH MU Re S, WO ILAL
(Ant Colony Optimization, ACO)& %2 —FhZ
I ERAT RN, — e U FH H XA COMEAT T 2L
Ve S S o N VA R Nl G ST e S e Sl
2020~20214F, Chen% AP EEACOR 5 1
ST R AR 2 R i AR R, g56 N Taf
(Artificial Fish Swarm, AFS) B LA TECEGRAL,
RE % 5 0 1 b ik B RE AR D AR BT R AT . 2023
T, RSN — R TG B R K R Y
2% 58 B B AR S pL 22 8% B I, R AEIE ACO
SRR — M AR — Mgl 4R R T AR R, A
TG RBARAL RN, FFPCRERE. LS AP
e KA Mg REE, Bk 1AL GESGRE SR R A
T, BRERAEE. BREBEE. WA EMACORE
BRI BEAE Sy figeide h 4k 5 SO HE AR Lk B
T Bk gk, A RPRAR T L% BEFE N i 2 i I 4
Zhang®5 NP —FACOE, FroNZ H AR
IR 2% 2 WA AL (Multi-Objective Chaotic Boltz-
mann ACO, MO-CBACO), T /K7 M4 fE
/MU A B R SR, I BT IR T BB UR
2% 2 IR PR RN, A BORE S T R N R e A A R 1)
AL, IR T BRSO .

FRACOSN, AR 2 A H MR fe Bk
SN PR 288 T T % EH S s o h R BT, A 45
B3 Z A4k (Cuckoo Search Optimization, CSO)H
VR RIS R ) R PR B & N SCRE A
#AHL(Support Vector Machine, SVM)P94, Jt
G, BRI SR AR T 2 B R e R 1 M R EL BRIEG
G B, 20224, Uyanfs NPUFR T —F
AGHERS, FTordrines k. e A 2 %
FH B AT AR B0 0T DX 28 75 i B 5200, 0 1) R FH A B0
(Genetic Algorithm, GA). ##LE K (Simulated
Annealing, SA) 8 A8 4 73 F|4% % (Golden Sec-
tion Search, GSS) 5 iZEXZAMAMHMELLHEAT R AF, LA
FE DR UE D 28 22 4 Y 1) [R) IS Je KAL) 25 5. 2024
4, Gavali®s NPTEEA GARRL Bk (Particle
Swarm Optimization, PSO) I F3EAT 7K 75 W 45 %
HHR S, BVELEW SR FE P [F) I R RS 542 =)
A, RERE RIS REFE AT E 1) 2% HH 25 2R .

4.1.2 BEUFIBENNER

sAL A SRR Rl I ST AS B, 2 IF

ENE RIS . 20194F, Valerio%s AP 5mit 2

IHEZE R T /K R B RS, AR R KA B AR A 4
T BLAG W RS SKAG O RUEAT A SESS, JE T
TTFAE A I SERIRERE IO BE . 2019~2024
L, — RAIBEFTE N QLN T /KRS X 2% ST T %
HIRHE, XA RZ G ARIREER . W
JE A% X 2% g 39 9 I A8 45 PR 3R et 22 ek B Bk
&, P ROl T A F B30 5 2250 5 A e
SR HEHT AR R T R QAE, AR S Hh 4k fig sk 1R AR 5
s DT HERRY], R QLI T 7K P R 28 Bl 2 i
HH B SRS AT R A REAE A ity )3 I 2, I BV
SLIR FERARPO 44540 Lige NIk — 28 5] NBAEVE
AL AR THK T i 2 et . Wang®s A1)
W2 S HE AL A T R, 51 BB DX 20 HdlE 1)
HEE, B FENE B E BT A F 22 o e £ LA
BEAT B e, SeBL M S 0 Y DR A e A
A5 BAMEBEE O RE T 2ot dar, AT 2 it 4%
i B 5 SRIFIE K 2% T i o

BEAL,  QLAE MR PR P 9 2% it £y v 0 ) et
Jr T L B 7, W e A T 20204,
Lu&s N FOFE QLA il R B v v b 841 2% 18 23 i A
DR T, RIS AR T 2R 1 VR P S R s
BN, A — B TR) A2 B K U B % A
R RE R TSI, B A AR 2 E T Bk
4k, REREA AUGEBERS IR . 20214, Khan® A1
DL S5 17 DX 4% 715 R B FE AN SRkt % S 8 B AR, X
THET AR R RN QLI R H, P m% M
REEIG AR JE 1 i, e e e e B A A LA
Nk, RIEQEREM LY. Hitrhakty
ST B A, U B A A T AT R
T RAE GRS IR I LAl b, O RE S S 1T X 25 e
HAE. 20234F, Wang®F NTEEHE 1B £ 44
RONHAR” AR IETTIMA QLA i s Foh, sl
B H I A R e .
4.1.3 REFIMREBUFIFEZNNA

— BRI IR TR L A ) BEIRAE K ) 4
T % EE B CBE T v N HT AT REPE DO 28 202148,
Hemavathy %5 A POFE B e of 7] @, i B VR FE i
2 4% (Deep Neural Network, DNN)XJ H 4k fix ik
R BEAT 2R, IR kR R LR T R . 2023
, ZhuBE NPURR Y7 — i T f i) £ 478 ot 42 X 2%
(Back Propagation Neural Network, BP-NN) 3]
Ao 2 EE, A BP-NNXY /U140 218 0L
BEAT TN, DAAEST i 2 AR I R I e 3 i b R 5
U7 % . 20244, Zhangs5 NP2k F I 04 0 4%
(Graph Neural Network, GNN) X} [ £ R & 34T Tl
W FEREAT G RS, SRR T KT A AR
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BB EE S . Wang®E A P3RS [ #% B %
TSI NEBT M4 (Generative Adversarial
Network, GAN)KPFEAL T S FMEALE, H@EEQL
BEATRR BRI DA R, %07 RRE St
Inge 4. ATEER S R0 B HH o

2019~20234F, SuZE AP, Anitha® AP, Chen
5 NPIFI Geng 5 NPT B 7 22 0N VR BE Ak 27 )
BORBH T B8 . QLIEBIER ARG EECR
(1) X 28 PR 55 o S PR BRI 22, R FE QI 4% (Deep Q-
Network, DQN) A LLA R thix —nl @, iz H
DQNIZRE AR (BT 20 LAREFE . IR FESE R 2= K
PP G & A E T RAE N T —Bkrh gk, FRuEkK
TR A A, RS T v g L
4.1.4 NRRRNE

N T BEBEARAE KR 194 28~ T8 528 EH 3L 1) 92
RZNGOUIIE AT AN IR 1. 4R 1N AT
I, AETK S 21T B PSR T, X2 RN
T REENE MR AT TIRR . X EEH S ]
SEMERIRTY M, I HORZ B 1 8% B W L LAk
/b BeAE A B v I LB, (HEEA BT SO N TR RERIR
N T 28 22 A T T o B Uk 7V LA oA
AN [EVIE 98 AR 4T SN0 2 T T ) B 2 AR OK .
HA—FEM R, SCHR[34]) AT 7 1 S i S 58,
EGHRE TR, SR RFEREER.
SCHR[38] 5 TSPl A R st 7 ke, IFAE
[FIFE AT T HEAT T g
4.2 BRREH

TEIKFE W28 =ik b, B BRI AE FH T &l
S RBUERRN Gy FEZE G R o3 5 B R SR DL AAY
PR3
4.2.1 HITEAX NS EEN A

TEZge g tHrp, 2% o S R AR — 2 s it
RN RS ARRER . Tl E I R AE
o — MR E R A RO E, H R K
R A AR EE RS s AT 0, SR A 14N CH
FEFCM, AMA RIS .

DL SR K -Means S5 N0, 2503
T R PR HCH IR o FEVE Y. R, T
X5 e R B T AN T R AR FE A SR R R BBk e, 1%
JPEMECAE RN T K 4, BRI RR 2 — 2P ek
. 2020~2022%, Wang%E AP OmekeZE A1)
DA R Li%E NS Ja oot T RK-Means®3%, 1E7%5
JE R ) B S A Re R R IEBUERCH, DA
TR R I e B AT BRI SN L T . Zhuf5 A2
HK-MeansH L5 QLA A, FIH i FIK-Means
SLVEARE T S 3 4R e B AN 5 Sink 7T ) [ 2R 5 60

CH#ATIA#E: AREMEHQLE M, Wit 5t
CHIRI R AR RRIBEFEA QLR £, K¢
CMA BB i A& ICH, JERIRSE ) % T AR
P 7 SRR AAER, PRGNSR
BirchHik 2 — Pk G R AE R, M EK-Means
BE, ER LATEA B 1) A AR 22 R AR 2% 1 T Ak
HEEE MU I B 90 20214F, Lin% ACY#ESDN
MEZEF, 2 H — P JE T gk Birch B0 1) 7K 75 19 2%
PO RIS G EKEMNERHIE, ol T 44tBirch
BOEAE R P SRR, R A8 ST Hp 7K 7 I 2%
R i T BEE R, TR TT AR A
TREF S FEEVE BRI F AT B2 sl 431 P 75 FRT B 1]
b T O R R FIE A, e AR N T
BVt N T /K B R 2 2 R I 2 2k 4 ™,
flan: Rk K IEPEA (Moth-Flame Optimization,
MFO)H L0 i ik (DragonFly Optimiza-
tion, DFO) &L 1l R0 PSOS LRI
KB (Glowworm Swarm Optimization,
GSO)FEM, XL B L5 5 FETT m fE R A 67 2,
SR FE WA B bR R, AT R ACHI%L
Feo AN, FAHER ARG G 2 ML G — D4R
F o filan, Krishnaswamy%§ N007155 4
P SO SE AR 2 S T7 150 7K 75 X 284 15 i 347 43
fB: S s RO SRR /K 5 s ik R A B R 4y
RNENEW 5, Wit T ARRRE. 814
BRI EE B . 5 Sink 1y 5[] B AH O 10 BB BR
B, BT EFIEEPSOREE M CH. 14
HAERRH, XETEY BA RS IRERL.
4.2.2 FRBBERR SRR E eEEN A
fE—Lo Rt , &7 CHEE BSSink 7 £UR
T, FERER TR EE I 2 ek AT A . AH DG
FBRHATIZH RN 346, TR R sk ] il
Horp— b L A i i g 5 55 77 AR R CHIL £ 45 R
MR ik ie, JERHBAN T ReEE RS
ERRALE R, Fln, 20184F, FaheemZ AIPIH]
GAF R —% “Qetafh” R —M%KE 2 Bk
PRAT, BT I AT REFE SR DR 2 A OC Y G A Y. JE B
£, @ 2 R RA AR AT ARG AR AR
SRS R Z PR ERAT: R IEAEPRUE M 25 B AR
A 1D [R] BTt 8 B2 KK i 1 o A% A B ZE . 202248,
Anuradha% AT AR 4 fiR 16 (Chaotic
Search and Rescue Optimization, CSRO) &% AE Ik
KR P 28 R SRS AN FH r) R W1 AR BE AL AR Bl — 44X
FCHME AL A R IE M, Wit —DF e
R ARBEE . AR RORE 0GB T R A, AR AR
R R, IR A PR SRR I CHAN S BT %6
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R 1 ANLEEEAREXENEEEBAMUPHORRARE

AR

CHRERS] HEI ik Fr %in%?éu —— LoATIARE AN W £ i
[27] ACO&AFS 2020 v v X HE 20 14x5 km?
[28] 2021 Y J J X HE 18 12x5 km?
[29] ACO 2023 J J v X ix 250 0.5x0.5%0.5 km?
[30] 2023 J J X HHE 15~50 5x5x3 km?
[31] MO-CBACO 2023 v J J v 2 100~500 1x1 km?
32]  mgpangemy:  CSO 2020 v X x i 150~450 1.5x1.5x1.5 km?
[33] e 2020 Y J J X iy 200~400 0.5%0.5%0.5 km?
(34] RogEEsl 2021 v v X Vi B &R 17 EL300-800&1K5 15 E0.5%0.5%0.5 km®
[35] GASA o v v X J {1t 10~40 -
[36] SVM 2023 J J x iy 100~500 0.5%0.5%0.5 km?
[37] GA&PSO 2024 J J X HHE 80~160 1x1x1 km?
(38] RL 2019V v v x PH&HHR P H6~40&HFR6 17 H4x4x0.24 km?
[18] 2010 Y v X X ip-A 250 0.5x0.5x0.5 km?
[39] 2019 Y J J X ik 100~300 5x5%2.5 km?
[40] 2020 v J J X g 200~800 0.5x0.5%0.5 km?
[41] 2021 Y J v X fHE 100~500 0.5%0.5x0.5 km?
[42] 2021 Y J X x i & 100
[43] WAL 2021V v x x ik 18 14x5 km?
[44] o 2021 J J X 2 50~600 0.5%0.5%0.5 km?
[45] 2022 v v X HE 100~500 4x4x5 km?
[46) 2023 Y J J X ip-n 10~40 6x6 km?
[47] 2023 v J v X i H 40~90 4x4x4 km?
48] 2024 v X X v i H 100~500 0.5x0.5%0.5 km®
[49] 2024 Y v N X MiE 40~90 4x4x4 km?
[50] DNN 2021 ¢ v v X HE 30 1.5x1.5 km?
[51] BP-NN 2023 ¢ J x x ik 60 1x1 km®
[52] GNN 2024 v J J X g 50~250 5x5x3 km?
(53] WREERES 5 GAN&QL 2024 J J J v s 100 0.5%0.5x0.5 km?
[54] PRI 2019 J J x i E 80 5x4x4.5 km?
[55] DON 2021 v v X HE 100 0.5%0.4x0.45 km?
[56] 2022 Y v x X iE 500~3 000 1x1x0.5 km?
[57] 2023 J v X fHE 10~50 0.6x0.6x0.5 km?

IR A BRI AL . 2022~20234F, SunZsE AP
AYuan%E NTFI QLA R, 1T i B iE N ik ¢
BAERUAMCH; B REKY, RETVERY
RN % I BB PR RERE . 20244F, HeZE N[
i FRE . R 4% B B a] DLPE I Sl AR SR AR Ak
5% (Chimp Optimization Algorithm, ChOA)7E/K
MR FHCH, FREd “BIER” 1 “BEL”
IEARFRAF CHENIESink 5 4 i 5 2 Wh R 4%

o5 — TS 2 oy 5 s R SR R B SR
FEER A, SR 2 AR RE S 20 AR Dk A ) A
U, Mohan%§ A\I™. Subramani® A ™ i V2l
IR 572 (Chaotic Krill Herd Algorithm, CKHA)
BEATHT RUIREE, TR B @ N GSOREBEAT 1% 7] 22
B AL s A2 B E ™ Z B 5 — I A, R
F7t #9446 (Emperor Penguin Optimization, EPO)
BRI ARG, AL I UE b AL AL 550922 (Grasshop-
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per Optimization Algorithm, GOA)#RAT £ Bk
PRl FIR PR T VAR I R R R
4.2.3 UEITERERFRIVE ER AR

— LU FAE O S B R M 4 v gl NN TR R
HOR,  H AU A% 8] 22 kA A% ) RS i) B0 80,
R AT LA NI i 1 PN VI e 2 Tl G
(L F R AR ER AR AL IR e, H 7R EEAA 5 8
R EEER R . Xiao%E NECSIRIChenthil 5 A P2
AR HACO, GARUEL 1L 5 7% (Butterfly Op-
timization Algorithm, BOA)TE 43 #% W 4% A 31T 4%
Hi¥R 3 Alsalman®$ AFRIZhu s AR 535 %) H
SRAG S o] TR QL E AR IAME fn s 42 AR AN
IR B BAE M 4% (Deep Belief Network, DBN) M
F RS I S TR SR URRAE,  FRARARE IX SRR S 4L
BEOHT B H RS Zhud NS0T & iR A R
(Gaussian Mixture Model, GMM). [& 5 /R 7] KA
A (Hidden Markov Model, HMM) fl 45 #ic 12
(Long Short-Term Memory, LSTM) 14 % P4 715 &1
fBAERE, JERAIPSORAT IR k4%, IXLELT7RIILE
iR TR 1 RE VAl 45 3R
4.2.4 NRRFRNE

N T REBEARAE K W 28 J2 20 i eh Bl s 1) 8
TEOUANIGAE T 2T AN N8 2, HIEe2ml i, B T4
EIhEe, N TR BEEURTEK W 48 )2 2% B s
IR AT LRI 33 . T 2R N A, E
B PR AL HE SO AR G B R R A B R IS
I, T LA 2 REFE Dy EEARAL B AR TR T3
JEIJZ2 28 K1) 4 B R SR R SRR N P ) R 0o AR
ORI 18] 22 Bk B AT R AT S A A 9 N T8 e SE B
AN, FRIE I BRI R Al AN R A AL R AT
A B BRAL IR T~ X 2% Re k8, 100 K 31 v I 4
10 AT 57 g PR R Y 5 N D = 4 RS
ITHE RS IE L, N S 51 T B 2R A,
{RFR AN E R S FAC IR 2, AR X M 2% R
FE I IERN 2% 2 A AT AN . TR G SRR
TrEACH 3, AR FEH 9 2 RS 1Y) o L R
W BRI Z 5+
4.3 NMA#HRIFERTL

Nk — 30 3 W A7 LI 1 B v 9 2 R ) 22
THOL,  GErh PR B PR ST LR A TS R Hn,
P e T SRR RS R RO B Ly, DR
PGS AR A B, H(3) R

dmax =

Hofr, dimFBon i BB 4ER, filin, —4E

P dim = 25 d R iR,
[T, dsteodeti sorssth Jor 0y BRI TR, 1
SHAF B R MFOR AR, BT 92 BRK 4
S SR B AR, #inRd A T, Mn Y
B, d BRI DA B Fh D47 RO B 1
N4 AT RGBT
B I TA] 5,

(1) AN 0 LR R T, 45 25 A B0
BT S FRER: U ZLI 4 PRI o 70 S
BRI & A, I EL 22 1) 0 B o 5t
BB T 50 K06 35 5 M AT 5 Sk AT
A S R b 1 PR 2 —

(2) ¥F 2 S0 BUBR 580 46 A7 R At it
S T T AR T B ity U
3.23% I SCHRE FE 1 /NI N 45 (0~ 911 1) T 10
0T BRI, ST I A RO A
B, A BN 2 5 S I T 60% ) SR
4 07 IR 5 8 H5074 251 DA I A HUE 50 A et
Mé%[‘ZQ,Sl 34,36,37,39-42,44,45 48 51 56], Eﬁiﬁﬁ%%qj , jz*;lj
S AR [RS4SR A B, R e S L
Tt LA IE 54495 2 552 e 5 50 22 B0 4 K 1) 4 i
AR TP DML, 3043 2 0 R ML P 7
TEPE TR %% o BB, R 0 R
e B4 A AN RO 4 37 TP I B R P R
00 7% i) S R i 6 72 A HOUASE 2 A 19 2% o AT
Ell‘i ﬁlé%iﬂz [59—62,64—6169,70,72—86] . jz{i?%%g&&% EB E(J i
B e 5 D DA S Bt

(3) L3 017 BOER A 15 52 B I A DG i 1 A 4
TO%H T F AR S SCkep, 49 AR 48 B /N T
1000 m[29,31—34,36—41,44,45,48,5(),51,53,55—57]’ ﬁﬁ?ﬂ?}%éﬁf%ﬂﬂ
b, DUATOB96L SR HH B 50 0200 s o s
SR 5 EE 2 AT R A0 R AT BT I 2 kA B
KP4 5 FEE AR T R A, B 2 A A
SIS0 5, el 19 1 B A A AR [
SEEE I TI, BB AR, W98 T S
APHE S . AR 0, s
TF-HUA 5 LR 5 P DR ORI . 25 ok
PO A BB, S AT R B A RARI i
MACHMSL BT, 38 5 4 I [ 7T 47 4 o A o 15 )
— TR

L b, EAK T P4 T B b AR T, AT
B AR LTS TR R TR K P 4
G T, N TR B ORI T HEAT B o
Sh, SR ETEE T K RIS R g A TR R
AT K 7 D0 45 Fh e £ R B L
B 2
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[59] 2020  J v X x i’ 100 5x5 km?
[60] K-Means 2021V J X X i & 200 0.02x0.02 km?
[61] 2022V v x x k" 100 0.1x0.1x0.1 km?
[62] K-Means &QL 2021V N x x i 60 12.5x4 km®
[64] Birch 2021V v x X fE 15000 0.8x0.8x0.8 km?
[65] MFO 2019V J X X fiE 40 (80) 0.5x0.5x0.5 km? (2x2x2 km?)
[66] ALZEKI5 2019 J J X X HE 100 0.1x0.1x0.1 km?
HEWI SR & PSO
[67] 2021V v X X i 100 0.5%0.5x0.5 km®
[68] DFO 2021V J X X fiE  20~200 0.5x2 km?
[69] [UEANiy 2021 J J x x L=t 100 0.1x0.1x0.1 km®
[70] PSO 2022V J X X i’ 100 0.1x0.1x0.1 km?
[71] GSO 2023V v x X ffE  20~200 0.5x2 km?
[72] DFO 2023V v X x i’ 100 0.2x0.2 km?
(73] GA 2018 J J J X i H 350 1x1x0.1 km?
[74) CSRO 2022V J x X i’ 300 -
[75] 2022V J X X P& 100 3x3%2.5 km?
[76] %ﬁ%ﬁﬁ& is 2023 VA X i 250 0.5%0.5x0.5 km?
[77] ChOA 2024V J J X i’ 300 0.2x0.2 km?
[78] CKHA& GSO 2022V v v v iy 300 2x2x2 km?
[79] EPO&GOA 2022V J J X i’ 400 -
[80] ACO 2020 <V J J X fiE  300~500 5x5x1 km?
[81] GA 2020V J J X i 200~300 5x5x1 km?
[82] BOA 2022 4 v v X i 150~450 0.5%0.5x0.5 km®
[83]  DUHEHIHRI 2021 J J v X B 170 0.25x0.25%0.08 km?
[84] o 2022V J J X i 100~500 5x5%5 km?
85 DBN 2021 J v X X i H 200 0.5%x0.5%0.5 km?
[86] GMM-HMM-LSTM&PSO 2024 ¥ J J J i  50-200 2x2x1.5 km?

(1) SFERSEEE . B T 7K A 2% 6 H Bl
BEUF N T RE SR A S TR o 5Ot O JE M 2 5T
W) RS RIS N A

(2) BAE N B WE R R 1 A4
FOLREA, N RE SR AE /K RS X 45 1) 5 b R 5
R AT HAR DL 2 K A PERE . XS 25 A k4
KSR, UASK BN E, BEIFA
Wi T A, A B N L Y R e R
FIHANEAL, S ft AT SRR AT ATy ek

(3) MMIZEIRFRAIPTEREDALZ 2 I Wit id
FIR BE S HAR KB, BENS SN L BERE. I 5E

SEFRAR A AL DA I 2% 22 42 T3 i 1) S F T 7
Bb, AHBUA ORI R IR R DL R A AOTERE -

BRI, S R L P AT IE v A A — 2 JR BR P -

(1) EnFEr B A G f£3RT NTHEE
TR BB 73 1 ¢ R W ORT 22 K= % eh B 0
BB R 2 h BT 1 s AL E D R, I HL Rifal A
HRIERHMBEMEERESEE, XLhrE_AS
B, N TSRO SR, T KRN
HEH, RaRE W InEEITa. REdEd ot
K A0 A S # IFAE EL TP IR 7 B, T BASEE
fehmid FE 515 BAZ B AT, Wi 2 X — 1]
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% 0~9 E] 0~9m
10~49 CJ110~99 m o
[ 50~99 SCHiR o H 0 B 100~499 SCHR 5 HE0Y
= 388:133 B 500999 m
B o0k - T B 1000 mBBLE

JEH

60%
(a) PIFIHEAT A B IS

ﬁ[18,3436,38—41,45,47,49,52,57,76,83] , 15?3—:%% EE $/I\—JI'_J" ){_i
(I fE Sink ) H HPE I A K A M 26 v, PR SR R IE
SN 7R L RSNV oY S M= P N R A N
AR, B R E ARG B A .
1 P =N = B4 UL A A EPSEIN: EST R CA] V1S UN
PR IR EEIATT 2 A B (T BERE AN ALK 1 AE
BAEFNE R R P AR B R AT, FRAR T 5k
IS A -

(2) BIEE AR EVEAR B C: ATt FUAE S
SRFEPAS T HAFAEAN AL, (U > B SR80
W REFRE RV, HrP OOk [77) W A e A
TEVER AR 2 EAE R . HAR ST sEfris
AT TR PG SRR B, AR, T RE AR
REZE S M, IXAP T i e DLERA B A0 SR E S K
P L TSR YR RE . B, R m R
HEREDT HA R RIL €, EAEBRIRSZ IRK
P REIBATIS, TR I SRR A REAR I e T
BEFRM TG dr . BEAh, 1R SRR IR SE
2 () A BEAR AR (W A A ), 1T —Fa AR 2
WK R 1T s 75 RE G AR BN LR RESLIAR O R B AT R
s

(3) MTERERAELAT HON T, shoAEAFSEEL: %
T H AT BN KRR RS, AT K 4%
UG R A BRI 28T N TR RERR
{1 66 R P07 A PR KA K 7K 7 X 2% R A E R IR
B RIPERE, BE— IR T SCIRIERE . H AT EE

JER R

60%
(b) D5 FIAZAT RO ER S DL Se it 18

P 7 TN T R AT T B R 2 0 o 7 B o o) 2% R A L e v

TN T4 e AR Bty H L P RS B E A0 20K
AL AT A BT 5085 AN IR S AT T AT 4
Wi, HISCHR[34,38]. 1T BRI, B
FUS P AR g A LA

5 HhERSRE

5.1 MRk

R, —RIIFFE N TR R ARSI KRS
PR 28 2% ER RS BE T A, BT T — SRR, (BT
15 1 2% i)l kAR, LFE:

(1) 1 B s M DA IR B SRk kR . H AT
BT N TR REHAR B P 2% 2 tH B e S E 2
BT E . EhRIEEREE R, Al 5
N s 5 2 ) 845 E P 0 A (140 TR1 28 A A 7 B [ 0 2 1)
YepE LA LR R 2 AR R DL, T A B A
s 2 s ET . LIRMKFEEE LR
He 278 [P BF L - 22 85 B AR T B TE T R
eI fIng s e E T, RS, RS
PR EAFTE . WA G S AT — e B ik, DA
PUESREUPEREVEAE 45 . SR, —LEfRiL AT RES:
i B RICIE R W7 EHESLVERE, Bilan, —Lemt
Fo, AR A AL R R LR Y
MBRUERLL, EZ AT, BlofE g bk b EE 2
RTINS o SR, BB WA R BB, e 2k
TEAREJHEARA s dh A4, fEAN AL R 7 ) b
BAF AL ERE, 2724 A K TPk 1
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FERZIX A B i TP KPR AR X, 2 e
FEA— e B EE B 48 K k. Rk, SR AEfh Bk
KRB A TRIUE L, MRV 45 ] R
S BR N AR R ZE 5o

eAh, AR A R (AL E . B
W) RERE LRI, HShR FiX s B s
Tk H R i A B A R S IR E
FIT BRI SE . REFE LA S i S ME S A0 4 B FE v A
B Z B4 b, EshBMIAEE T, HEh il
B T A JRIRAS O B AL T S 3k
FEE BALYA SR TRRY, T S B RE Tl 45 R
I T SR A6 A

(2) P E LM E B = S bR, 30 5
SEBR: ANFEWFFR T E IR SR
Hefie 2 R A B S SR E A%
S o TR SBPR] 2R X 4% ity 1 i B i RN R EEVH FE LA

SO o X RhAEARAELL B B2k 1 % B T RE S B
ANZM A8 — 5T, ST N TR AR
7K 7 T 2% B R B RT BE AR RS A 0 A PRI
U, AHTH GG A AR iz AL e kil A —
Jri, BT I 5, ISR LR
Al RE B 25, T HI 5945 RS .

BEAh, oI FUAE /N B P v 2 P A
WE, 5 MErse bRk WG 1R R A 2R,
A BERIA M BEITAN B SE PR S AN

(3) BhZ B 4% FEVEAE MR SEIL, N TR Re
PRI BR A 5 20 30 2 75 DS IC M AN B . 75405 BOA
erb, N B BRI T S D VRN AF-fifs 25 () F 484 £
THENLAR, 15T Hwa & 2% A2 (B B A 1
FHEFE M B 7T BN = o T 7 S B B 3
3R R AR T 5 B K R T AR . K A
BHE BT N LREEER, SIANN LR R IR
SRV A S B A T AL, BT Ee= 5
(IR A FE VAL FORE (- 206, Xk LA HERR
52 ERRE

(1) MR E T4 B arH /K
A EF S HHENS-2, NS-3F1OPNET24190), ix ik
TR AL R AT R T AN TR RS
KA L8 OO 7T . SR, RSP S AR
R I8 N St FAR TR, B BRI B
AR, BRI T TS PRI A RS

20134, Tomasi%s A\l & — B AIER
S 1] ) 58 7] Bellh oA 28 o A \ Sz 0 (%) 75 3 351 T A
115 B 2R AL R A7 D0 A0, 55 i D 1 10 AR AL )
{HIE R RSN, XK it b A i P A
177K 1% VEAE— e FERE L Re NS I i AR K e

(S T8 PIRFE, & — PG sm 05 B 70 Ul I 0 I A 2 4R
o 20244, XAEHREEAPNE E HINS-3TUACM
#:10, FHBellhopt Y JENS-3/K /& {5 1B FE
HUAS T B RS T I K 75 X 28405 L6 B . TED ELRE A
W, AR AT N LR AR SRR B K X 4%
PP CMERE, T U E R AT RE L SE K S I 4
i, DASRAS B B ULIR T I 1 RE DAl 45 2R

[, SRS — G B R, 1%k
RUETE A 25 B8 AT brFR ], WEAAR R A
RIBETE B A, AR ENESEN, FE5s
5 R 24 R AT ST T M AR R IR 2 AR, I 2
Joi A SR B AT AT e SR It 25 18], A A B
TE/NFIARE . H R 2 KRR K] 4% (1) 71 o5 4 1 Y L
R 28 2% 1) Y R DA R T A PR BB AR AR I BUE X 1) T
IREE M S SN 2R, AT S S A ok e
SHNEH . B SR 5 A E TS A,
NS Hg— W B R R, N EE Tt
FEMEREVTAG &5 AE 0 B TR IR SN, R A
PRX AR SR FE AR R 13 I

BeAl, AR BRI FT N 2 BNy B4 &R
FEFF IR, EREEAR T8 5 B A B AR
Yer 53l ME BALT TP A A . ST ARTEAL (1)
FRES VPR AL, AN ) R WS P R L PR L B
FLSEFEHE.

(2) HATHEAFSEI, e N LAY Re A LA
RER AT — 7 TH Fe BN A SRR, s
TSRS, BT AR R R A s ST
M, MMNFEARG NF, DABAREE S R R
AN H bR 0T 7K R P 2% Ak S a6 1 e A, AT
DAPR T8 3k /)N AR X 52 565 SR B0 AIE 15 ER P S T e 1)
TR, BEEG ST S RS, AT S
PSRN, TR AR FRE, SR At s bR N H 3%
SRS
6 LERiE

ASCERVT TN TR BeH A A 7K 7 P 25 1% Hh P i
WS AT, IR —F AR TR TR TR R R
WM RHCR BB, KAEMKZHIGHERE. 6
BIRH A R ESERE, WAL EERARE ER
BEA IR 5o RS N TR e AR I Ak
B FRARREFERINT 2E (938 0, (HHAE S FR/K A
2% P 1) R B AT 7R R I BT 6 Bk — S I TR A
SEPLRIAIE .
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Abstract:

Significance  In response to the strategic emphasis on maritime power, China has experienced growing demand
for ocean resource exploration, ecological monitoring, and defense applications. Underwater acoustic networks
provide an effective solution for data acquisition in these domains, with network performance largely dependent
on the design and implementation of routing protocols. These protocols determine the transmission path and
method, forming a foundation for optimizing underwater communication. Recent advances in Artificial
Intelligence (AI) have prompted efforts to apply Al techniques to underwater acoustic network routing. By
leveraging AI’s learning capacity, data insight capability, and adaptability, researchers aim to address
challenges posed by dynamic underwater environments, energy limitations of nodes, and potential security
threats. This paper examines the integration of Al technology into underwater acoustic network routing
protocols and provides a critical evaluation of current research progress.

Progress This paper reviews the application of AI technology in underwater acoustic network routing
protocols, classifying existing approaches into flat and hierarchical routing categories. In flat routing, Al
methods such as conventional heuristic algorithms, reinforcement learning, and deep learning have been applied
to improve routing decisions. For hierarchical routing, AT is utilized not only for routing optimization but also
for node clustering and layer structuring. These applications offer potential benefits, including enhanced routing
efficiency, reduced energy consumption, improved end-to-end delay, and strengthened network security. Most
performance evaluations are based on simulations. However, simulation environments vary considerably across
studies, particularly in node quantity and density, ranging from small-scale to very large-scale networks. This
variability complicates quantitative comparisons of performance metrics. Additionally, replicating these
simulation scenarios in sea trials is limited by the logistical and financial constraints of deploying and
recovering large numbers of nodes, thus impeding the validation of protocol performance under real-world
conditions. The review further identifies critical challenges in applying Al to underwater acoustic networks.
Many Al-based protocols operate under impractical assumptions, such as global knowledge of node positions
and energy levels, which is rarely achievable in dynamic underwater settings. Maintaining such information
requires substantial communication overhead, thereby increasing energy consumption and delay. Furthermore,
the computational complexity of AI algorithms—particularly deep learning models—presents difficulties for
implementation on underwater nodes with limited power, processing, and storage capacities. Few studies
provide detailed complexity analyses, and hardware-based performance verifications remain scarce. This lack of
real-world validation limits the assessment of the practical feasibility and effectiveness of Al-enabled routing
protocols.

Conclusions Al technology offers considerable potential for enhancing underwater acoustic network routing
protocols by addressing key challenges such as environmental variability, energy constraints, and security
threats. However, current research is constrained by several limitations. Many studies rely on unrealistic

assumptions regarding the availability of complete node information, which is impractical in dynamic



% 8 1 AR NI BEBAALE K o 226 5 ol Bl A3 A I FH R R 2447

underwater settings. The acquisition and maintenance of such information entail substantial communication
overhead, leading to increased energy consumption and delay. Moreover, the computational demands of Al
algorithms—particularly deep learning models—often exceed the capabilities of resource-limited underwater
nodes. Performance assessments remain predominantly simulation-based, with limited hardware
implementation, thereby restricting the verification of real-world feasibility and effectiveness.

Prospects Future research should prioritize the development of more accurate and realistic simulation
platforms to support the evaluation of Al-based routing protocols. This includes the integration of advanced
channel models and real-world observational data to improve simulation fidelity. Establishing standardized
simulation conditions will also be essential for enabling consistent performance comparisons across studies. In
parallel, greater emphasis should be placed on hardware implementation of AI algorithms, with efforts directed
toward reducing algorithmic complexity and storage demands to accommodate the limitations of energy-
constrained underwater nodes. Exploring cost-effective validation approaches, such as small-scale sea trials and
semi-physical simulation frameworks, will be critical for assessing the practical performance and deployment
feasibility of Al-enabled routing protocols.

Key words: Artificial Intelligence (AI); Underwater acoustic communication; Underwater acoustic network;

Routing protocol
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