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Abstract: In order to construct an efficient and reliable network topology, a topology optimization control algorithm
based on improved particle swarm optimization is proposed. And the network topology optimization model of multiple
USV (unmanned surface vehicle) is constructed by considering the network connectivity, the link communication quality,
the earnings and the cost of network connection. In order to ensure the suitability between the model and the application
object, maritime radio propagation characteristics are analyzed, and on this basis, the representation of the link commu-
nication quality, the earnings and the cost of network connection are obtained. To get the globally optimal solution and
accelerate the convergence of the model, in the iterative optimization process of particle swarm optimization algorithm,
considering the interaction between charged particles in electromagnetic field, using the charge quantity of the particle
dynamically adaptive adjust the control parameters. When the diversity of particle swarm is less than the given threshold,
the particle owning the smallest fitness value in the swarm will be regarded as the disturbing particle to guide the swarm
to the region which has not been searched, to overcome the premature convergence of the algorithm. Simulation results
demonstrate the effectiveness of the proposed algorithm.

Key words: unmanned surface vehicle; topology optimization; radio propagation; electromagnetism-like mechanism;
particle swarm optimization
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Fig. 1 Maritime radio propagation path
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Fig. 2 Path loss of maritime radio propagation
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3.3 TEM-DPSOH £ USVIM %% 4 $h 4t 46 2
il 5 ¥ 19 52 B (The implementation of multi-
USV network topology optimization algorithm
based on EM-DPSO)
WA bR B4 IR, 2 T EM-DPSOR) £ USV
gAML AR ) 32 B I DL 8AN R RSN, D ARAD
WME1FR.

% 1 A FTEM-DPSO# % USV F %464 ME gz &l 5 ik h X2
Table 1 Pseudo-code of Multi-USV network topology optimization algorithm based on EM-DPSO

TEFZEES (s, t, tmax, Y -8, 7_8, T_Smax, M, Vinax, optglobal_Parswarm )

MNZRE: s—RTPAIT; t—AATHHERIREL  tmax — BOIBAREL
Y _s—Hif s AT s =R s AZAATIRKIREL  r_smax — KT s ANERATHE, BTSRRI IEL
m—REF R, Vinax — R0 B SEOR A ROVE R, RIPRE 1 SR A oo R MU oK E

A optglobal _Parswarm — i ¥R 4 B i R T

1) for t =1: tmax
2) iftt=1

3) Parswarm(:, 1) <7E M2 5% 50 /5 AEERE SR E S AT, SEEUR R IRRTG 1L
4) optglobal Parswarm < {34 Parswarm(:, 1), 3K43 4 ERFF LR 4 R B R optglobal _Parswarm;

5) else
6) div—tRHE30(23)-(25) i Sk PRl AR

7) for s=1:m

8) for r.s =0:7_Smax — 1

9) | VI —FE A | B 5 O RR I S R VE (I R, SRR T s VI
10) if (VI > Vinax,

11) VI < VI BN LRI Vinax AT, EHHEHT VI
12) end if

13) X R T s (L E

14) if Y_s=1<kiTseiTit

15) Parswarm(s,t + 1)<~ SEHkiTs;

16) break

17) end if

18) end for

19) Parswarm(s, ¢t + 1) = Parswarm(s, t) <40 T s AHEHT, REFAAE;

20) end for

21) optglobal_Parswarm <4 Parswarm(s, ¢ + 1), BEHR TP 4 R 4R T optglobal _Parswarm;

22) endif
23) end for
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Pijs

$E2 REHEKEEREIRQ. ethuféﬂ
25V, BB S RN T Qe FIBE M R,
ML IhFNER RS & IR A C e;

B3 YRR TR, T8 45 7% 58 KA
PR R IR G C_eMAIRT, # IRk 14t /7 b8
MU= A m AL T AL B X LRI V) eIk 3 |,
MR (DRSS IE R A (X ) (BRI 2%
TR AR E), B E SR H B 1R AR
B PIRGER G (PL) LARRLF R R 4 R fE
A& P RLER A (P );

T4 RHE23)-Q5)1F ERL 7R 2 R
Mdiv;

SEBS  RERQ) MR T A R, TR
Fepilh b, AR QU TE SR 38R T BT (4 5 PR AL
Hw!, WHR EW! A E W

BR6 AMKEHEK, HEg&EESC e
ARHEZ FEPEdivIIZOTRT, MR8 (26) BB RL 11
VI IR AW VI T A VI RS
Ao 3o B8 e RV Rl Vi, A BRI, VI BEALIZEHL
Vinax ™70 ER, EHTEHVIL FRAE SRR b, AR
RA6)EHRL TR E X

BT EFRL TG M AEA(X ), A5
(¥ Jr) #40 B B A B PEH R 3E BE FEAE £t (P ) DL L
TR 4 R B P URBE R (6t (P

BBS  FIWT SRR T R &R, A
A, IR BT R4, 750, BARLE L, i b TR
EJR R R
3.4 HETEM-DPSOR £ USV M th ALz

B E 4% % 53 BT (Computational complexity of
multi-USV network topology optimization al-
gorithm based on EM-DPSO)

EE1 BBCR T AR ym, HRIERIK
BN maxe, BT 35 5 5B ) B RV L 9 Vi, BT
AN AT AT g EH ST R B KRBT s max, USVIT
$OE Ayn. U 3 TEM-DPSOF) Z USVIN 44 4 41t
Az S A TR SR AR 2L

O(TI’L, 7, tmax, Vmax; T—Smax) ~

O((m2 4+ Viax X T'—Smax +mn> X T—-Smax) X tmax)-

TN TR g BE LA THE FHIE .

iE  R#E LR ST EM-DPSOM £ USVIM 2% i
MR SRR AR ] R, SRR R GA A
AFEATE 7y O THERL T MR FEE: @ TR T
SRR, @ BEHR TR E . A E; @ T
UERERRS.

B, THEORL TR 2 FEPE R TR R AR T
ML 2 AR R A 2 AR A TP 255
5, RLT AN 2 FE IR I ) 52 2% BE 290 O (3min?)
~ O(mn?), XKL TAMEZ RETEBEAT P B3R A IR I
[ 522 B MO (m). PR, THERL R 2 RE
[ 3L 90 (mn? + m) =~ O(mn?);

FLR, VR SRR E I [R] R . R
BRI R WL T ) LT BB A B E N SR, T
Wi H g BN T R 2R BN O (m?), EEERERS |, o
SRR SR RIS A R L DA A4 S A I
[ AR B9 0 (m). BRI, THRDRL T 5 A R i
B2 RELINO(m? + 3m) =~ O(m?);

PR, THERORL 3 | o B ST A I ) B 2%
L3 ST I ) 52 25 P 5 e 2 A P R ELATORE
AN AT i EHEOET OB O, A R RE AR
KT BAR, UL 3 38 RE B T R R3S s AR R A
g0~ IEIER > AL 2 & 70 5 FRE 2 AR/ N T BRI,
U ASES L35 I IR ATt B 1 1 NS N ST s
VAN a1 /) 5115 i 17 R Gt S L A 1 =3
NO(MmVinax), WHIESI>+ AL2 5873 MIPRBEL 73 H S
(8] 52 % £ 351 SO (mn®). UKL -7~ T8 J32 58 35 F) I (1]
R E 28 O(mVinax + 3mn®) X r_Smax) =~
O((mVinax + M) X 1—_sume): BT B 0 50 97388
PR BT HINVE B R SRAT, Wk T B
BB T 44 FE RO (M Vinax X 7-Smax); BRI, BEHT
RLy- | A7 B I TR AR 4N

O((meaX+mn3) X T _Smax +MVinax X T_Smax ) &

O((mViax + mn3) X T_Smax);

B, VL% TR 2l A (R SRR B 483
P 5 15 ) 5% TR WA R P O 5 TR B AS A O, DX 8%
HEFR A BRI [A] 5 4% BE 29 MO (2mn?) &~ O(mn?),
R R AR BN TR S22 N O (mN ), BRI, 15
P28 ZEHE B 25 AN TH) AR FE L8 O (mn® 4+ mn?) ~
O(mn3).

ik, 2T EM-DPSO12 USVIMZ ML
PR A T8 R 2 20

O(m, 7, tmax, VmaXa 7"—smax) =
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[O(mn?) + O(m?) + O((mVipax + mn?) x
T_Smax) + O(mn?’)] X tmax =

O((m2 + MVinax X 7_Smax +

mn> x T-Smax) X tmax)-

F1 FEEEINB AT, 5% TDPSOM £
USV N ZE 3R M35 E LA L, & T EM-DPSO/ £ USV
A 284 FMIAL P2 S0 (R B 1) B 24 BE R T O (m? X tmae ).
SR (RS 4R P AR B B3I, WFRR AN T

WE HSCHR[12]7] 40, £ T DPSORI £ USVI 45 4 I
e H R IOE R E B a2 © BHRFRE
FE AL E; @ TR M ERE . o, Rl B
(RbsF ) 52 24 BE 2N O (M Vimax + mn®) X 7_smax), TN
3 8 25 1 I 1A 4 2% E 40 O (mn®), [ Ik, % T-DPSOH)
ZUSV W45 P M AL 42 ) S I s 1) &2 4% FE 2090 (m,

tmaX7VmaX7T—5max) = [O((mvmax + mn?,) X T—Smax) +

O(mn3)] X tmax & O((MVmax X 7_Smax +mn? x T_Smax) X

tmax) .

1 SE B 1A 40, 3£ T EM-DPSOf1 2 USV LR FME L2
HEE I (8] 5 2 BE 29O ((m? + mVinax X 7-Smax + mn®
X T_Smax) X tmax), Bk, 5T DPSOMZ USVMZE ML
P A L, 5 FEM-DPSOH 2 USVIR 4 4 ML AL 4%
HEI N RS 2RI T O (m? X tmax ), LI 18] 5 24
JFEFA A BN,

4 i E5rHr(Simulation analysis)
4.1 LIS %R & (Experimental environ-
ment and conditions assumptions)

& [ Matlab2012a % £, i i3 5 % § DPSO HJ
ZUSVM 2 40 M1 22 i EE U2 BT DSPSORY
Z USV M2 3 MR il 502 U0V 0] b, S0IF JE
T EM-DPSO 2 USV M2 31 fME A% il 2 10
R, ORI

1) USVIIEE N6, JE A5 5% 300 MHz, 10K
REEEN10 m;

2) ZUSV LI 2% 1ET N2,

3) 6 88 USV AL E 73 514 (0, 0) km, (4, 6) km,
(8.5, 8) km, (3, 20) km, (6, 15) km, (2, 10) km;

4) DPSO#. 77 . DSPSO% 7% fIEM-DPSOH. 2
VR R R 10, B RKIEARIREER 100K,
L~ 3 BT 1) e R LR A5, R AN 2 T AT A,
T T BRI 10K

5) DPSOREMMBHHACE . KA | Hh oA
23 51°40.72, 0.26410.375.

4.2 fiELE 545 8 43 M1 (Simulation experiment
and results analysis)

N T AT S A AS SRR R SRR AT 2K

P, B 56K FMatlabB A4, F FH RS B LT IR )
6L USV IR 2% 41 FM I Ak 42 il 170 850 3347 166 5 1 oK AR,
BN By Nt IS TR AR Ty AYS B8 SN B SEE o
i {H M0.351056, W1 4 7. 75 b il b, 75 7R
FH3E T DPSOM) 2 USV I 284 31 S A 2 i) S0 . JE
TDSPSO1 2 USV M 2% ¥ Fh e Ab 32 il B AL T
EM-DPSO [ 2 USV M 2% $1 #MIE A6 3 i1 S v 5
I ) AT SRR, 43 BRI AR EAE4T 100 K%, 115 EAH
Kehangk2, &3, EISHE6~.

%10

0.0¢ L L
0 2000 4000 6000 8000 10000
x/m
4 6fFUSV ML B IR NS
Fig. 4 The optimal topology of six USV network

T2 /3T EVEIRTT I e A A 1) 5 SR X LR A
FH P S50 A0 5 i 2V R SRR P R VAR B . R 3R2
AL, TE100VK AT A B SEEG A, 3F 1L 35 AT LA
SIS AR, BFTDPSO 2 USV MR
23 1 B HAS S AR (P IR B 92 UK, o A Ao I i
HFFIME 0.350801, “FEAIAHX W 22 N 7.273e—4;
£ T DSPSO) 2 USV W 48 31 M A 42 il B3 B S
BARAR T IRBURS IR, B AR IE N AR IR ME N
0.350946, ~F- ¥ FHXH i 22 4 3.126e—4; 1M 5 TEM-
DPSOF M 45 3 FMIC A3 il L B B AL AR PR T B
FE99IR, e MLAR I8 N FE AR 1~ 3514 4 0.350954, ~F
YIRS ZE A 2.896e—4, BEERERE] T 2T}

F3FT 3PP K B S SRR B2 oF L 2. B R3] A,
FTDPSORIZ USV M 28 ¥ ML A5 il L5 HUAS B
e A B4 37 250 3% AR IR B 235,46, B I R J0R
#£35.46% ; 2T DSPSO 12 USV W%t ibiz
HIST R S S AR R P AR IR B A2 32.46, BV
RN FIE32.46%; 1T EM-DPSOF £ USV M %
P SO0 A 42 ) 50k BT B OO0 A 1 1 350 3 AR 3
FE21.32, FUEMHH R AR Z21.32%, H UL S#E B
HRMEIFR] T BERT

P55 A 3R R A AIIZ AT 100K, fe tIe ffeid I
() ~F S4B B AR B A fra s i 2. el P ST e,
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HTEM-DPSORIZ USV M4 4R MIL AL 2 il L )
WG FE b, 35T DSPSORIZ USVIRZE FRFMIEAL,

PR SEREIGE X 2, 2 T DPSOR Z USVIA
L IRAMIE AT SRR SR A 1.

A& 2 3PS ABUTHIRALARAYLE R AT R
Table 2 The optimal results of three algorithms

e BRIt BRRIUR ROUENE ROUPENE ROUPEENE T

?2 Y (Y > = = >
" U RO MIENEEE EMEONE ENEME ERTSE HEE
DPSO 100 92 0.351056 0.351056 0.340888 0.350801 7.273e—4
DSPSO 100 95 0.351056 0.351056 0.348861 0.350946  3.126e—4
EM-DPSO 100 99 0.351056  0.351056 0.340888 0.350954  2.896e—4
PSRRI i 22 = (AR B DA — S DA A P22 8 B SR DAL A
& 3 3MP Sk elcsaR Bt bk R 06 ' ' ' '
Table 3 The convergence rate of three algorithms E 0607 — DPSO i
& 055
U mERGER S |
S QR EORRAN/C S € 8 ol BN
DPSO 100 35.46 35.46% % 040}
DSPSO 100 32.46 32.46% % 0.35
EM-DPSO 100 21.32 21.32% i . . . :
= 0 20 40 60 80 100
sz P =ER=Nary 5] S 3 S v 3 VY S v 3
W RRCE =R R TEARUE BB RN/ K

0.36
N
= 0.34 ) .
B 0321 / .
ay
o 030 -
M E,
% 0.28 —_DPSO ]
| DSPSO
£ 02 EM-DPSO
il

024 1 1 1 1

0 20 40 60 80 100
ERWEL /I

K5 Sefifad AR T AR A i £k

Fig. 5 The curves of optimal fitness value

P62 3R 43 IS AT 1000K, R FFEE 2 FEt
)~ F S B B AR R B A (U sl it 28 el Bl 6 ] 4,
ZTDPSOMIZ USV & #h M35 il 5% kL7
FhEEZ REMERAR, 25 T DSPSOMIZ USVI LR M
o458 1) SR BORL T PR 2 R MR, T 2 T EM-
DPSOIZ USV W 48 $ A M Ak 32 il 2 iR Fh B
LR ZE. X & H T2 TDPSOM £ USVM 454
MR A I SRR R SO A 12, i T-DSPSOM %
USVM g sh Az il Bkl ot B2 ik e, BT
EM-DPSO 2 USV M2 Fr LA da il S e s
TR .

K 6 KLy Rl B AR L 2

Fig. 6 The curves of particle swarm diversity

e A, Bl 5 3% AR B 3 i, 3£ T DPSO 1) £
USV MR ML f SR b T2 FE— B
B B, X ] R T EUE BEEAR IR 5 BTG
EARAIER AR Z AP, 5T DSPSOIZ USVIM
LML H SLVE A1 3 T EM-DPSO/ 2 USV
2SI AL 12 1 SRR (R T Rh B 22 BRI 84 R %,
SRIFEAT PR, 1% 2 X A SRkl e,
HHIN T IE AR ORI 2 R, 52k
TFEM-DPSO{] 2 USV M £ $f $ 18 4k 12 i1l 5595 A
Et, 2T DSPSOMZ USV ML A M A das il SR A
BhB ik 2 AR B 58 A A E O sh 2 TR %, DARf (R
AR Z R, (HZAL AT B 75 ZEXH R A
AT 22 YR DL v AR S I R S, AT S B
TR A RGN

HH PL A B SR e &, 28 FEM-DPSOI £
USVMZ Rt 5L A LU RS O Res
FRERL T 1) AT BN G MR IS4, fem
SECSCR AN FUE R RE T, @ RES AR EE R
S, 1RO R, 5INHERRALS 5]
SR AR XGRS, e EER 2 R R
7.
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5 45 (Conclusions)

ASCHE T —F I FEM-DPSOIF) 2 USV M 2%
AR A ) S92, 12 SRR B A5 o AT D 2%
B LIRS, 2565 I 25 H 0 s A 2% 5%
FERA K 2 2 US VI8 PhAME AL I AL, fTEEM-
DPSOSVE AR T AL IS A2 v, Ji ik 40 s 37
Hy HURL AR A EAE D, 2028 FUE RO R H S 4,
W 5 KL ) B A 2R X PR #3128 (i
SRR [FR, S NHEFAUS], 51 Sk R4 R X
WA, TR ) B SR, B IR AE A (1) 4
SR AR, 7 BLEE A LEAE B T % R R R 1A
Y ()4 JR B AR A, W DRORL - P 1) 22 R, PR
T SOE
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fs% EM-DPSOF LS 1 43 #r (Convergence
analysis of EM-DPSO)

ZRSCHER[7], FFH BEHL 72 B0 X EM-DPSO S i2: 1 42
JEMCSE A TIERA. 15 5640 t—Se R B BT F B g R s L

EX 1 4E N HPRES, BRI IR FIR,
ARR ) —ATH FEAT T 2, B RS R f
FRME B M B 22 /D BERE A il — D R B F7E A B R 1 T,
Hrpy = inf(m : v[z € A|f(2) <m] > 0), v[BRTEE S B
L LebesguelifE .

BB f(H(2¢) < fz), MR AN f(H(2,))
< f(8)-

T 2 RS R H AR AR AT AZE AR SRR e ) 4 ) = A
—AMEITRREL, NLBERE LRAE H BT A= T AN T2 BT M.

Bt2 X+ AfBorel 7 5B, 4 Hill o[B] > 0, Ul

TT (1= wilB]) = 0. [ B] REIE 1 TSI BIOME.
t=1

RE 2 (RRUGKINEERN) B R RS AT
B, X BLARR™ 0 TS, A5 6 A2 B LR 2,
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B0} 7 WEEERIOMIT S, 7143 lim Plar € Re] =
1, Pzt € Re] RFRIESB LA EEE R IfE 2 € Re 1IN
#, ReAERRREES.

TR A SE F2 0 EM-DPS OS5k (1) 4 R e S it #4730
B, gl 2 1E B EM-DPS O 5572 R iy S AR 152 1 B 42,

1 Je1E BHEM-DPSO&L% 2 % 1. iRYEEM-DPSOK
IR R AHE S AR, A LU EM-DPSOSLZ (1 B8 $ H 52 3L
N

A Fapp (X 1) % REM-DPSOR 74 (1) 48 2 48 1F, B X 1!
= Fapp(X1); PE R TR T AA S 55 YOS AR BT 1
AR B EERLT . AR PREH (RIERT = A AR T 404
A&, B, EM-DPSOSLIEH; B % 1.
BETIIEEM-DPSOREAN 2 R Be2. A 1 e fiik2, M
1y m [0 RE 7 Fh B I RE A 2 18]I JOF 6 AL AL B
AcC (’jl M, MRS SR T s 1 4. 4
U SRR SR UGB I R B 45 R, 1653 4 R s

B, AE T 4 f(PY) < (U, FFE— AL Tso, H i
Mt = A; A C () ML i LARIBorel 4B = MY,
s=1

701810, B = 35 4B =1, T TT (1 B2 =

0. B, EM-DPSOSiZi /L 152,

R { PL} Lo NEM-DPSOSLAII R F 51, PL kLT Fl
FER 4 SRR ERL T, (T EM-DPSO S A i 3 A2 B 1 MIMER
%2, Hitt, EM-DPSOMJ LABERE 1 43 Rl sk.
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