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Abstract: Maritime search tasks are usually completed by multiple facilities. In view of the maritime cooperative search
planning problem, a Memory Bank Particle Swarm Offtimization ( MBPSO) algorithm was proposed. Combinatorial optimization
strategy and continuous optimization strategy wefesémployed. The candidate solutions and memory bank for every single facility
were constructed at first. New candidate solutions were generated based on memory consideration and random selection. Then
the memory bank was updated based on a method of lattice, which means that for each lattice, there was only one candidate
solution to be stored in the memory bank at most. Based on that, the diversity of the solutions in the memory bank could be
ensured and effective global search was performed. At last, initial cooperative search plans were generated by combing
candidate solutions in the memory bank randomly. Based on the strategy of Particle Swarm Optimization ( PSO), effective local
search was performed by searching around the solutions with high quality. Experimental results show that, in terms of
efficiency, the time consumed by the proposed algorithm is short; the lowest variance is acquired and the success probability
can be increased by 1% to 5% . The proposed algorithm can be applied to make maritime cooperative search plans effectively.
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Fig. 3 Flowchart of memory bank particle swarm optimization

3 SEREMR R A

NS BT AZ L T FE A AL ( Memory Bank Particle Swarm
Optimization, MBPSO) Bk i8R , A UK H 5 RI =1 RE
( Harmony Search, HS) ., %I T Bt {f 4k ( Particle Swarm
Optimization, PSO) & 3k | 4 8 B 3 ( Bat Algorithm, BA) P 4t
[l % b & 1k B AR EMETE TR TS B R T

SCEG 3L 5% A Windows 7 32 b, CPU -} Pentium Dual-core
2.70 GHz, NfE% 2.0 GB,Matlab 2014, L% AEIEFILH
FREBEER S A B AL S5 B IR SRR KR BE %, TR AL
FHIE T BARREKE AT R, S B R 2 B il
72 h AR 18 T O AL AT B B R KT 3K 4 500 mile/h
(1nmile =1. 852 km) , #3445 B L5 R & 1 : 200 000,
B IFUTENXER FHEE R 1 km, (£550 8] 24 b, 38 F 506
B3 ~5 A%, L v UMEE S5 R ana S
B F X8 1 T B R K B W55 RS R, TESKBr b
TR a AT A R S S — N EE R,
B, BRAES I ER SN , A SN B 3B 17 I (8] 7 T X B4R 0
B HHAJUMEEHT R, IR R f T S5 A R,

TEFTA SER P, ICHZ R/ 100, MCR BB 0. 7, F
PR 150, 0 BAEH 0. 705 AR Z5 R UNSR 1 iizn . Homp, 58
PR 7T RN A 55 2 T kR B 2 R B Uk
SRR SR, HXEMEIFES . BIMREERE
720 IR BABEIERIESS 0 A3 (H B 22 51 B xd iy /9 20
MEF IR E, BB, HAES BRI ER
B SLPri R BAEIIR R R B

LA B SR R AT A, AT H AR UM B L iR I L T
FEE RS 18 ST B EctE, MR AR S R R H s
R, ICAZ R TR R A 55 B B 5 SE PR A TT R AE
F IR ZEIER/N AT, T R TR R R


http://www.joca.cn

%94

BHHF A TRICERT B ke LR T RIS

2481

TR E R E N IMEE I TR BRICIER TR %L
b IR A A B I TR THAILFE R, A ERE
HRA R T S TR TR R R T SRR 1212
PERLF B LA R M SRR I TR e B, A
AR YMEI TR, AR 5 BT B R ) 3 UME T
KA B B B R AP, X R 2= B AT A 2 R IR fE
PR kT2 (8] 38 3 R B 3 I FE SR B JR 2 A A R T 48
R, ETERH R R, TR R —EREZ LE
RCBE ST A SRR S 1L, BT T A6 BB B B A . RS
BREL BT HE RS T R & P S %
= REE AR RS R R P AR R iR AR AT A2 B 5
TRFEERZ, WIBEE—ERE LS SR THERERM
SRR ARG, B A R e A b B e PR W ST B ARy
WAL, B, B TR TR ok AR B IR
e BRI R E R EA,
®1 FHESHNERIETHE L

Tab. 1 Comparison of average success probability and running time

HARL PR S5 NR 5 SEBR B R T AR5 R R Z B AR
X FER T T B B A | A R AR A R 4E R A A
FEAERABRNERBRE, W3R 1P MRS =, 8T
DLy 5 AR, AL PR T BB A A A UME T 7 52 3
1E55 TN # N 36% , SEEPRRAETT RALS BTN 3R (40% ) B 22
BN 4%  MERLFMBEERNEI TREERRETRES
BN ) ZE AR 6% LA b (F0 P 18 28 B0 15 A1 NE 1 22 B Ry
8% ) o ML HARE THARILMERE, HX R A& L8 1
TS R ER T BRI AR E A R R R Ty
Fo FMEMEES, B IEBRWERST 20 K, St
IEE R AT TR TR AN AL 55 RN R T 2/,
BB EE TR R T R R R R E

B LS TTH DR , S 5 2k 1 s A7 i (B JE , AP 48
R EBTTI A K, IR AL PR T R IE BB 1T Y () o
GoMATATAN IO R TR B R H IS 35 E T ICAZ 1SR
W FE—RE AR L L RE S T Ao S ) R R A X A
B EATHRBE R . A R A U Y AR Y SR
Rk, RiE LB T E K,

Bl 4 SR =AM LS AT SR IAN H S £k . ]
FATLUE - M R E R AR T R AR sl i m  H

AR L B3 R BEAERRAEG , T 03 T o B R B 2 B Ay i e
L5 Y e Ak WA SHCE 2 1K, ) st ] A5 A A 0 L 2 £ 5 98
LRI AR B OSSO B S o, A T L (B e o

SIPT RIS R AT, R TR B R AR B S
Jor BEAH , BLA& et 22 6] 22 5 PR BOK (ZE MR =2 [H] F I BT AR o
FIAGCIL RS AR o MRS T A R 2 R
RN PR Tl S AR AT (R B, B 2

xR #IF Zk % 15 T
B4 Al POl BETR B BRE ROR s
Rt 308 R/ % WH hE EE/s

MBPSO 23 2.1SE-04 376

#£4 200 em x ’s HS 21 1.59E-03 392
— 300 em PSO 20 2.37E-03 387
BA 22 6.26E-04 373

MBPSO 32 2.64E-04 401

£4 200 cm x » HS 27 4.58E-03 417
= 300cm PSO 27 5.62E-03 409
BA 29 3.00E -03("\3%

MBPSO 36 4.62ESQ4N 415

£45 200 em x 0 HS 32 6.38E-03 431
= 300 cm PSO 33 6.85E-03 422
BA 34 2.96E-03 411

B RIRR AT AR R R, BT B RE AT SE B 2R
ZRI0) SR R U, b R T M BE AR , DA T e 6 o
BN R L o

BrABEE BRI T T R R SR REERN LT

BB, A PERL T LT T LU AR B A e [ P9 O
Tt A R EE [ 7R e iR B8 T R B A B
HE A

T FE AR R PRIy S I U ER LR, BT AR

0.25 ——————— 0.4
0.30 _’___',r' oot ] ':ié%;;;;’—*“
0.25 r-'P gz;_ﬂ,____gzsj..-:ﬂwﬂaacn.... 0.3 J---p—‘&d‘i Jf" i
. it . P S
020 | ra e Eifa"}j
%0 15 x“r %0.2 3
= == MBPSO #2 == MBPSO
0.10 ot HS 1 ol - HS
0.05 -e- PSO : -e- PSO
' -0~ BA -0~ BA
0.00 0.0
100 200 300 400 500 0 200 400 600 0 200 400 600
AR BARKEL EARIREL

() (B — sk 2% (b) (£S5 W SHh 28
B4 phRE ks £

Fig. 4 Convergent curves of four algorithms

(© 15 =Mesth 2R

4 4

Bt xtie LA 1L HARE IR, A SCHR H — P2 R T
LB, BT DA S 18 B0t il 2 v R R R
B3, TR TR R E B E RS
Bt b B T 5, S MICAZ P 2 o | RENLAE U AR BT
B HUCR A MR T IZ R , 38 == M AT 3R B &

FARZR s B e M ARCILIE P i sk & A R ER S,
FERIEUMET RFAINA BN SRR R, RERART
B IR, MAZ B8 HE AT 5 B ST Rl 58 o B BB F
BIHER . CICRT BRSO & LA SR s Fide sk
PACHNE IR T AR RERS & S T A B 2 /1%
R TEMLEE AR B FDRL T 3 SR T (58 R BT 8 o B s PO
BEATEH R R, R A SRR T R BRIk, A3


http://www.joca.cn

24382

H AR A

# 38 %

TEZMMER FES X T IRE T KGR, KEEER
RPEE THARIUME S, IR F B B TR E R e 3
AN EA ER s R R A IMEE I TR,

SE Lk (References)

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

KOOPMAN B O. The theory of search. . The optimum distribu-
tion of searching effort [ J]. Operations Research, 1957, 5(5): 613
-626.
KRATZKE T M, STONE L D, FROST ] R. Search and rescue opti-
mal planning system [ C]// Proceedings of the 2010 13th Conference
on Information Fusion. Piscataway, NJ: IEEE, 2010: 1 -8.
BMT Cordah. Search And Rescue Information System ( SARIS)
[EB/OL]. [2010-08-11]. http: //www. bmtcordah. com/.
BERGER J, LO N, NOEL M. A new multi-target, multi-Agent
search-and-rescue path planning approach [ J]. International Jour-
nal of Computer, Information, Systems and Control Engineering,
2014, 8(6): 902 —912.
BERGER J, LO N. An innovative multi-Agent search-and-rescue
path planning approach [ J]. Computers and Operations Research,
2015, 53: 24 -31.
TR, ¥ ESr k8 S R BB R I D). KiE: K
W, 2012: 79 -95. (XING S W. Research on global opti-
mization model and simulation of joint aeronautical and maritime
search [ D]. Dalian: Dalian Maritime University, 2012: 79 -95.)
HER, IR, Er 5B AT REEFRERERNE LHT
XA 2] - & =i, 2016, 39(4): 102 - 107. (ZHENG H Z,
ZHAO H C, WANG L Y. Determination of maritime search _afea
based on leeway-jibing drift model [ J]. Navigation of Chindn2016,
39(4): 102 -107.)
EIIR, KA, FoaW, 4. i LB HirER 5 S KE b
BT )] A B A%, 2017, 37(12): 21 - 24, (WANG G
Y, LIU J D, ZHANG Y Q, et al. Optimization analysis of the mari-
time distress target’s drift and search area [ J]. Ship Electronic Engi-
neering, 2017, 37(12): 21 -24.)
B, KT, BN, % T2 Atek TR SN B miE
FEE LA AR B R RABLB I ALLT]. HLES A, 2014, 36(4):
402 -410. (LIU Y, JIA Q X, CHEN G, et al. Load maximization
trajectory optimization for free-floating space robot using multi-objec-
tive particle swarm optimization algorithm [ J]. Robot, 2014, 36
(4): 402 -410.)
2o, kA ZET RIS R A M B R 42 2%
SH YL T]. $HE ML B, 2016, 36 (1): 199 - 202. (11 J,
ZHANG Z W. Network security situation prediction method based
on harmony search algorithm and relevance vector machine [ J].
Journal of Computer Applications, 2016, 36(1): 199 -202.)
LIUZ H, WEITHL, LIUK, et al. Global identification of electri-
cal and mechanical parameters in PMSM drive based on dynamic
self-learning PSO [ EB/OL]. [2018-02-09]. http: //eprints. whit-
erose. ac. uk/126906/1/Global% 20ldentification% 200f%
20Electrical% 20Parameters% 20 ( IEEE-TPEL% 20Accepted%
202018-01-23) . pdf.
LIU Z H, WET H L, ZHONG Q C, et al. Parameter estimation for
VSI-Fed PMSM based on a dynamic PSO with learning strategies

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[J]. IEEE Transactions on Power Electronics, 2017, 32(4): 3154
-3165.

LIU Z H, WEI H L, ZHONG Q C, et al. GPU implementation of
DPSO-RE algorithm for parameters identification of surface PMSM
considering VSI nonlinearity [ J]. IEEE Journal of Emerging and
Selected Topics in Power Electronics, 2017, 5(3): 1334 —1345.

BRPHYE, wiSLRE, ARTETE, 4. M B R IIR R R
HABIE[ ). #5820 5 B, 2014, 31(1): 57 - 65. (OUYANG
H B, GAO L Q, ZOU D X, et al. Exploration ability study of har-
mony search algorithm and its modification [ J]. Control Theory and
Applications, 2014, 31(1): 57 -65.)

BIHE, YEN G G, ik #&. HT Pareto 2 Hirk TRELILE B
[J]. %fE2E4R, 2014,25(5): 1025 —1050. (HU W, YEN G G,
ZHANG X. Multiobjective particle swarm optimization based on
Pareto entropy [ J]. Journal of Software, 2014, 25(5): 1025 -
1050.)

EFFH, R, A, BT EIHRME R IR S8 SVM
SEAACERL LN . AP RS, 2013,31(3): 671 -674.
(KUANG F J, XU W H, ZHANG S Y. Parameter optimization and
application of SVM with mixtures kernels based on improved chaotic
particle swarm optimization [ J]. Application Research of Comput-
ers, 20135, 31(3): 671 -674.)

FROST J'R, STONE L D. Reviews of search theory: advances and
applications to search and rescue decision support [ R]. Washing-
ton, DC: United States Coast Guard, 2001.

HErE ALY B RANZHA. Bz mig 380
FMEE ZBIM]. dbat: ANRGE R AL, 2002: 148 - 154,
( IMO/ International Civil Aviation Organization. International Aero-
nautical and Maritime Search and Rescue Manual II [ M]. Bei-
jing: China Communications Press, 2002: 148 —154.)

Prakdl, WU H], R4, 55, BT B35 RUR TR B B
TURBAE B AR BB T BB FIL ] - #2852 5R, 2013, 28(2) : 193
-200.(CHENZM, BOY M, WU P L, et al. Novel particle fil-
ter algorithm based on adaptive particle swarm optimization and its
application to radar target tracking [ J]. Control and Decision,
2013, 28 (2): 193 -200.)

X, B, BA Levy WATHRHMEM SRR ELT]. B RERL
2#4%,2013,8(3):240 —246. (LIU C P, YE C M. Bat algorithm
with the characteristics of Lévy flights [ J]. CAAI Transactions on
Intelligent Systems, 2013, 8(3): 240 -246.)

This work is partially supported by the National Natural Science Foun-

dation of China (61673371), the National Key Research and Development
Program of China (2017YFE0101300), the “13th Five-Year Plan” Equip-
ment Pre-research Area Fund (61400010102) .

LYU Jinfeng, born in 1990, Ph. D. candidate. Her research inter-

ests include swarm intelligence and its application in maritime search and

rescue.

ZHAO Huaici, born in 1974, Ph. D., research fellow. His re-

search interests include smart city, intelligent transportation, command

control system.


http://www.joca.cn

