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Abstract

To address the multi-objective optimization problem in the current maritime communication platform
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deployments—where “an increase in coverage rate leads to a rise in redundant coverage and is prone
to interference”—a multi-objective particle swarm optimization algorithm fused with the Hypervol-
ume (HV) indicator (HV-MOPSO) is proposed. This algorithm initializes the population using a good
point set, maintains the diversity of the solution set by combining grid division in the objective space,
and optimizes the selection of the global optimal solution and the maintenance of the external archive
based on the HV indicator. A deployment optimization model for maritime communication platforms
is constructed with two objectives: minimizing the uncovered rate and minimizing the redundant cov-
erage rate. Experiments conducted on the WFG series of test problems and a comparison with the
classic MOPSO algorithm show that: HV-MOPSO achieves an average HV value of 81.1845 on the multi-
modal deceptive problem WFG4, which is significantly higher than the 78.4371 of the comparison al-
gorithm, and its solution set exhibits a superior Spacing indicator, effectively enhancing the diversity
of the solution set while maintaining convergence. When applied to the deployment of maritime com-
munication platforms, the redundant coverage rate is reduced by 46%, and the Spacing indicator is
improved by 78%.
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g FIRET GRS AR IR . A T REAE RSy, AR ES TEMMGE ST A HRAETEN
FePE, Bet T X 5, R B S I AT KR R B i . R KR
FEEFERMER. i LRETFEREERUR, TFENE LG G RE A B AT

i LG e B AR ESRE SRR B, NHELERES TIBRIKEFNZ Bz
AL . TRk, BULREE. WERERL. BORSIL, BRI KT EERRSY T 2 NHT 2 Bl
1, NfERZ B AR FIEAE T 6 5B R R R AL 7R 0 A R R [1].

H R S (Particle Swarm Optimization, PSO)i i — 24 T 45477 19 28 K k) & Wik v A 23
L. FrEaE, (HERAME. BEMENE: 7 ERENSRIFREL R E, 181
SRR (B N B PR SRAR B, ARER TR AN [ B 2R S 2 (R R BT AR R AL s S AU S 28 R M e 1)
e, X RORLFALE SCR RS, AR TR R SR A [ MR R AN 4 R R B R & RNAE
BERL 2 S8 B i, X AR AR H bR, b 778 HAr S M e sy . MERILIE T
LR RS AMETEEERILNAE, REF MRS WA E iGN ERTAE. 2R
I ARTE R R AT 2O B S S RO AL R, MU AT R 2 1 B A 7 B R IS A
BRI E . B EH AR R — RS ] R R — BRI 2 R s . 2 Bk T8
AL 3% (Multi-Objective Particle Swarm Optimization, MOPSO) & ki 1 FEAL AL B v 22 B Al Ak 1) R )
A, HRREFEZ M LM R T BRI, FHREARIN Pareto fi#fE, A EfEft—4IE
KT REA . £ MOPSO HyEAFTELL FmRME: B2k, @E RAMILYIRI NS, SRR
FERSE A A R AT AR 5], MEDMFIE R EE A 2 REME R 4 JRIR R A 11 Lk, AR, RPES%
BT AR 5] T IR R4, & R SR 2 R BB, Pareto BTV AR AN e B . XL )R PRI S Bt
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4t MOPSO 7£3Rfift 2 A2 2 W AR AL Il s, 25 5 tH I R B SRR AR 1B AL 52, ¥ DA TR) s SR iE e Sl A 2
FEME. R, ASC&E T — MR A S YR . BARZS BRI . 8RR (Hypervolume, HV)FEFx
HHAT 4 R AU £ SRS R 454 1) MOPSO S (HV-MOPSO0), #.0 B 5 & e /IME A T8 5 R (BN o kAL 78
76 R AN /MG R T 15 R

HV-MOPSO 5% 3R i ixh R0 75 H5 2 s A RN 9 o7 FE I 3 40
2. B HBEGTEENELZHIFMLLER
2.1 IHREE

TREAT S XN IR LxW 1) 4, SHEA M ARG, #E N N LEETE, &
M LBEFEMNELEIENR .

BN NG LIBETEHEME (x, ) [EARSRERE, Hdi=12,-N.
22 BEXRITE

B 55 R AR /D — /N R IEAE T 6 78 25 0 RS T AR o T AR ) LAl
> 1(minY, d(R,,B)<R)

M

Hoe PURE mASMZ LAy, B RH M LIEE AR, d(P,,B) ZMiE m 5 LiEfE A i
IR EREE RS, 1 () R farm B, Pk hO AR AR 5 T S 0l BE B /N T 45 T IR & AR 3R 5]
1, HNGRE 0.
23. ESEEERIHE

HEEESREEAZ/0NE LIEETEEESEER —XIRAIR R

S max (0,371 (d (P, B)<R)-1)
M

Coverage =

@

Overlap = )

2.4. ZEERMALERE
xR EM . EEE R R H AR, R Ry
Find X = (X, %, Xy )
min F (B) =(f,(B), f,(B))
f,(B)=1—-Coverage(B)
f,(B)=Overlap(B) ©)
0<x <L
0<y, <W
ie{L2,N}

3. HV-MOPSO &%

2t MOPSO Sk LAk 45 RS2 R HEVIIR L SE MK, K78 2 N R i e i, 3B SRWSIOE R, =
R FETEBR, SEm i A 2] BExS BA LR @, HV-MOPSO Sk id £ sl SR WI LA AL A AL
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WL I HV SR & E SO AR I B DA S kL e 5 T I A% R 0 (9 5 3 DR R P 22
FELE

3.1 EREMBKE

FEZ2 S MOPSO Sk, W BEHIIARILANRE, PRI ZAEPE R SIVEXE LRIIE, 75 5 BN 5 Bl i
P L VIR MBI I S A R, MR B R WIR LSRG, AR TR 2 FEPE A )
PERORER, 8 G SR R3]

B G /& S YERRA R AL TR, MR r e Gy » AFAEREE P, (k)2

a(@:{qq”@,u{é”@ylsks§ )

BARZ#E: p(n)=C(re)nt, MFRP, (k) Mg, EHC(re) RS r e HXRMER, N
B, e AERER.

3.2. ETBir=EMEXI 51 S EE R IR

648 MOPSO SHIKIE RIS 7 3 BURARIB A RS, ASSCBETE 7 — 3 H b5 7] W A%l 23 (1 2 4
P ORFF NS . JEIDRE AR R B U I ST A%, FEGETH R W% AR 5, BRI M A AR B L
I GBS G ASKET v E%%ﬁﬁ¢ﬁ%%%ﬁﬁﬁ?@%ﬁﬁﬁﬁ¢

YA BT F AR AR AN F = {6, oo £ 1, 0 £ = (0, 10,) 93 m AMBIORIAS BAR
Hd - IR ) H AR lEﬂi’J’UtU’\ﬁﬁﬂF/\m% GUITTE NBEFR (i, ) WRORRAO SR ¢, WA
MRS S BE p, 5ESCN: py =c, ;> RIZMREPTERIAS IR EL. o, K, RITIZXEIRMESE, 2
FEPERAR: IRz, o, B/, MRS G,  NALSEOR B LAGERF R SR 0 A 3 S0
33. &TF HV iEHRa SR = RE

N TR RIS MOPSO I R, WEMERENEIR. HV #7E K MIRAE B AR A h B i
AR, (EAWSH SRR 2 W AR . HV (EBOR,  BWRE AR SN 2 e P 45 A R I
A/

HV(P,r):VoInme(UxeP[fl(x),rl]x[fz(x),rzj) (5)
Hep, PRMATIECRMESE, r=(n,1,) 22% f(0ERZE ).
3.4. HV-MOPSO B % %12

HV-MOPSO %32, HAZ iR

WAL B B e SR AR RS . FRBFRLEE . AMTRIRA B BOKIERIREL. PSO S% LA K M %Kil
E RIFAE TR WIE R A B, IR RE NS, SET R A AT AR SR HE Y
PN R

R B THEAMBRI R AR HV $RFRITTIRE, BRI NRTIEEMEER, B
BAEERARALE, BT B RIS s R AR 5 AN R R A I, TR RS H AR A E
MEEES, RBRESM, BEAIMTR R FEIR S, &S RREEATIECRCHY, AR T
RO, UK & TV AR I AR 22

bS5 B PR b, R B IE RIS 45 AR S R AR AR
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4. MEKBREGRSH
41 MREZSSHRE

AT IR HV-MOPSO S04 25k, 3 BOW H A5 WFG 4t A #rH ) WFG1. WFG2. WFG4. WFG9
4 AR )RR EAT S B sz, XL T Pareto S GRS L BH B2 4 it MOPSO, X 5286 45 H ik 474}

b dr. HiESHBE WL 1PoR:

Table 1. Parameter settings of algorithms in simulation experiments
# 1 HELWEESHEE

ZH wE
PRIRAT YT 10
PR KA 50
POREE =5+ 30
e REA R EL 150
b2 1] X 1 438 10
5 1A 0.729
MR+ 1.49445
NP 1.49445
S A IR 30

4.2. TEIEER

HV FEARMEOR, B MR S E AN 2 FEVE R & R ILILF [4] - Spacing i bridid T 5L s h &2
fipe 2 FL BT AT NI B B AR HEZE ,  RVPAL AR AR (0 0 AT H SIE[5] . dn R 2K

1 P

Spacing(P):\/WZ(d

i=1

4.3. FWHERE S
17 E I M EE Pareto HIVEXT LL BTG 1 ffrs
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Figure 1. Comparison of pareto fronts between two algorithms: (a) Comparison results on WFGL1 test problem; (b) Comparison
results on WFG2 test problem; (c) Comparison results on WFG4 test problem; (d) Comparison results on WFG9 test problem
1. FFEE Pareto BVAXTEL : (a) WFGL MK BIREAXTELLE R ; (b) WFG2 MK BIREXTELEER ; () WFG4 it (3] B %+
EEZER; (d) WFGO iR (8] 35 % bL 45 3R

T WFG MR 7] JE) HV Fabr i B2 i g Band 2 fiR:

Table 2. Simulation results of HV metric on WFG test problems

5% 2. XF WFG MR @A) HV feFr{FESIEER

i) et BARFUHV) HV-MOPSO MOPSO
Mean 17.9085 17.9085
WFG1
Std 0.0000 0.0000
Mean 17.3588 17.3588
WFG2
Std 0.0000 0.0000
Mean 81.1845 78.4371
WFG4
Std 0.0767 14.8146
Mean 16.3739 16.3877
WFG9
Std 0.0027 0.0000
Table 3. Simulation results of diversity metrics on WFG test problems
& 3. KT WFG MK Bl Y S it tain T A SR 45 R
WK [ st (A Spacing J1# Spacing FrifE 2
HV-MOPSO 0.0022 0.0007
WFG1
£ $ MOPSO 0 0
HV-MOPSO 0.0018 0.0006
WFG2
£ MOPSO 0 0
HV-MOPSO 0.0011 0.0004
WFG4
% 4t MOPSO 0.0037 0.0024
HV-MOPSO 0.0024 0.0009
WFG9
£ #t MOPSO 0 0
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MSEEG AT DLE H . #E WFGL. WFG2 A1 WFGY |, PIRhEEI R RAFshrtfe. (HEZ
U H B R 14 1) WRG4 [0/ |-, HV-MOPSO %1 HV $44H(81.1845) . 3 & T-% LU 51%:(78.4371), H.
FrifE % (0.0767)3 /-5 HL575:(14.8146), W] HV-MOPSO SiL7EACEE Z 0 [ fl - R fasE . HIRFH
S RE 7 -

Wz 3 TR, HV-MOPSO HAAERTA MM & F % Spacing $8Fr¥ KT 0 HARKRFEE, UilHHAE
g 3RAF I 5P B S i) Pareto RIS % LA 4E WFGL1. WFG2 F1 WFGO _Eff) Spacing 85 0, % B Hfi#
LB NR—EE N, EeERT 2.

5. HV-MOPSO B S EEE LB EF B =B A
5.1. 8HKRE
VA B W 4 Fis:

Table 4. Parameter settings of simulation experiments for two algorithms in 1000 x 800 2D rectangular sea area

5% 4. PRTREETE 1000 x 800 —HESEF BT ESS S HIRE

ZH wE
A 1000
TR 5 800
Do R 2 400
FPEE R /N 50

i FiEETr e e 8
FeEREER 150
VIR 05 20

IR 200
S 2 30

5.2. LRSS
FHF HV-MOPSO Hykilg LI T 63 & 7 R4 5K 2 fis:

Max Coverage Min Overlap Compromise
Coverage=38.5%, Overlap=2.250% Coverage=35.0%, Overlap=0.500% Coverage=38.3%, Overlap=2.000%
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Figure 2. Deployment scheme of maritime communication platform based on HV-MOPSO algorithm
& 2. &F HV-MOPSO E£ 6 LBIETRHEL R

SEIG R WG IR 5 Fios:
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Table 5. Performance index results of simulation experiments for two algorithms
2 5. MBS TE LI REIRIREE R

fabr HV-MOPSO £ 4t MOPSO
HV {8 0.7844 0.7880
HV FRifE 2 0.0179 0.0227
BHRFNE 63.53% 62.33%
HEEERE 0.13% 0.24%
Spacing {4 0.0002 0.0009
Spacing it 2 0.0003 0.0021

FENCSPE AN E VETT T, PR EE HV S0 LFAHIE, SR A BRI S E AR TR], H/2 HV-MOPSO
FEAMEZ TN, BB HV-MOPSO Sy M T4 #t MOPSO Hikfa e s iy . fEE s R M E S E 5y
[, HV-MOPSO HEI T2 MOPSO %3, #iW] HV-MOPSO FELECRTF S8 w2 R I A, KR B2
PR T EEERR, e SBlE R IR BRI . RSN Z DT, HV-MOPSO $VATE Spacing
B AN Spacing FrifE 2 5 THIAUE B /N, 3] HV-MOPSO Sk REE7E H 25 18] 59 A7 58 A 50

6. &it

ARSI LIEE T G5 2 HAR L, 2T HV-MOPSO (i L0 (5 7 6 305 0 Sl AT A,
H R R A BMEE R E SR Z Bk R E . & MOPSO HIEZ 1T
PESRICI R R, ¥ H AR 2 (BEEAT A R 7 AEARFFRR R S Ry, e Tt T AR 2 AR X
#t MOPSO SikBEH LA AE AR R FIRE (0 2 REVE R S VE (R EE, 25 5 B IS S i il i, %%
T TSN RIS s £ 0T &M MOPSO SHyEZR 2 N SRR i L n i, ¥eit T 2T HV $Rbs stk
FIRBE NS . B, B WFG PR ] FURT RIS St B 6 B sz 36, 364E T HV-MOPSO Sk i etk &7
MHTREAL, ARSRAT M CAR LA AR FFRABE T — & 5 N R AR IR S ghasma S S], (EREANEH T 5
FRMIERRE Y 5 ARG B FIAE R ML SR e T, PR A R R R S B
P,

SE K
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