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Optimization on Search Submarine Parameters of Dipping Sonar Using
Orthogonal Design Method

Abstract

Abstract: To solve the limitation of multi-parameter analysis using one by one optimization method,
search submarine parameters optimization of antisubmarine helicopter using dipping sonar was studied.
After analyzing the submarine-search process of dipping sonar, search probability and average time of
search cost were made as the indexes. The seven primary factors which influenced submarine-search
efficiency were analyzed and corresponding factorial levels were selected. Based on orthogonal design

method, the orthogonal test schemes of L13(67><36) were built, which could simulate seven parameters

when their value changed simultaneously. Monte Carlo simulation model was built and all schemes were
simulated. The results show that the influence degree and influence trend of parameters are not the same
to different search index; the number of helicopter should be 2 or 3; total search time should not excess
the time cost to search 6 detecting points.
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Abstract: To solve the limitation of multi-parameter analysis using one by one optimization method,
search submarine parameters optimization of antisubmarine helicopter using dipping sonar was studied.
After analyzing the submarine-search process of dipping sonar, search probability and average time of
search cost were made as the indexes. The seven primary factors which influenced submarine-search
efficiency were analyzed and corresponding factorial levels were selected. Based on orthogonal design
method, the orthogonal test schemes of L;s(6' x3°) were built, which could simulate seven parameters
when their value changed simultaneously. Monte Carlo simulation model was built and all schemes were
simulated. The results show that the influence degree and influence trend of parameters are not the same
to different search index; the number of helicopter should be 2 or 3; total search time should not excess
the time cost to search 6 detecting points.
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Fig.1 Typical longitudinal flight profile of helicopter using
dipping sonar search submarine

E R
Journal of System Simulation

\ol. 29 No. 3
Mar., 2017

M E TR AT T I s A T — AN
s, € SO T, B S TA)RR A J s
MR, H Twnkos, WA:

Ty =ty * L * Y ¥ L @)
8 O Wk et v o NG TR ] T e
tincs R IR W Bl eSS SRR FR IS 8] s 7o A L
TEHUAE 2 H0 2800 ST 26 TE T 2= L8 2R — S
MOFR S pT IS TR, B AE B THLIIE T, 38T K
AT RN SN )4 AL I8 Sk 4y

PRI R, HREGEIERSFE. Bk
Kt RTB W Rl BE A BE B IS TR A E 1Y),
PR SAHBT torws 1o HAT, RIGETHHUEH
a7 A% 2 91—l 8~20 min.

2 MBFENEBESHIEARAR BT

I TP 4 s 5 B H R AR BE IR S 2 — A
ZINE. ZACEIA S . Bk, R IEZ IR
VEHEAT U7 BB, 6w D 3 S P AT Y
fitl; PERLD RIS, S BB G 1 T 4y
PRI gs s, IR IR AT 4L
2.1 IEATIRE & i/

IE AR I e A MR A — il 1F A4k ) e —— I
AZ AR, B BB T S B R 2 b TR
W gL AT 2 R R R 7 i, IR
A AR 0 5 SR AR P, 17 ELRE AR B 45 S o
e B 4% D 25 K dme K P2 A L

BRI BETHJ7 A 5T 2 7 TR 9 P P ke i
6 PR 2R AR IR 7 15 o TE AT b AR A8 M v
PRI A 5, I3 8 2 i S e T 1 L P % PR 2 AT
RIS FE PR 2 1196 R o IEAS B EPRE AR S I
AR, BRI 43 B R 5 1T L . S48 38
A AR AT AR, 5 1T LA T B i
AL FRRGE Tt oA, R, IEAT IR,
AREPEAR DR ZOR K, 20T % R 20 ik I 45
bRI e,

http: // www.china-simulation.com

* 670

https://dc-china-simulation.researchcommons.org/journal/vol29/iss3/27
DOI: 10.16182/j.issn1004731x.joss.201703027



Luo et al.: Optimization on Search Submarine Parameters of Dipping Sonar Usin

529 %5 3 19
2017 4E3 H

2.2 HEBESHMMHMER R R IT TR
IEASRIG Bk — oD B by« 1 e MR H b

IRRAN % ey AR/ =R v N RPN B-YNAPS b N 2

HIEPRIEA R AR IEASIR T s B AT IR

X8 RIAT G 50T o

2.2.1 HiEEEAKIER

AR, W CUR IRy Fabr . B
S ELTT WL B 208 I T A7 PR A B A TP REE P I )
Py, Dk, BEATIWE T FAR K, EF A B
B P RIUERE T IAE BRI 18] T (A7 min)
fakr.

2.2.2 MBENEE LSRR ERERRAKFBt

I 385 T LA PR 7375 40 L3264 T 5 o
(T4, Forlr, MIEHE R TR R, R, T
T B 7 7 4 4 A AT 43

R AR OB U SO BT
PR B EE X, 482 VB BT U DL 22 2K
SERHRE KRI850 o FURE AT A 0 A 2
220 RO R B I8 LB T 0 43 P 2 ok
R, SRR 5

S S N AR A 2 R 44T
WisE T WSS Py TR E, NI
SRR, B

(1) H b ORI R

3 SR 152 2 B A % A1 H b
GRLE R 00 (RRr: km), (RN, T b
fi R IEE LR 17 M7 0 5 2 R L R RO 0
s HR T I I

L 03 JEL 7% 2 35 B3 B R P 2 Bl
I P B S I, T AE IR 1
T (R min)Zers, IH(ERMAE. L8 H
THHLBLEE) H AL 17 75 2 FF B 22 T
IR AN, AR ] P BLEH
K7, RIS ANRILE FRIOBER B

(2) B EFUIR Ny (R0 4

DA, S5 MR RS HOE AR BT Sk

\Vol. 29 No. 3
Mar., 2017

g ETH L S, T H] TR R A
MBS N2, IR E R R B s o (T
HUECR I 3 A R, PRI, 7R3 AR AE 55 2R AT T
NAE S AT RED T BT AL, %, —IRAE45 i 8)
1~4 B E I

(3) MIBE AR 5 RS

B0 G BESE TP AT N A R R BE S R (P
B km), ZSECRUFEIREL. HERREESS 1 2 T
S A Rt Py TR,

BRI ] £ v (BAAZ: - min)$adE— R A I
8 A8 I A 7K P W I PR IS T s P TR A =
PP REENSHZ —. HAXQWTH, twnihE
TR T, IEFEW RIS R R

(4) WRITik

WRIEPGE T BT R AT R
WRITEIRZ , ¥ T Tk 2 5 I N A 489 7 vk
o WA 2 B o Jr, AHARGEI AR EE df s (1
Bz km). HIUGALRTTAL po((PAz: °) el BT IR
T ARRR RPN S, 0T R I I A ELRE I 5
Wi o d i diw=R wpknn s, ks —K
N 1~2 KRB po 4R [H—RETHHHE R E 1
AR 8 1) 28 2 BRI 767 1, 0°~360°,

TN IR ER T Ay,

TN~ D
dv \QK ~ ’:,\ < ] ) / \
T g7 A > R
Y .:/»_ : ~‘A7‘;_. }.,"’ . .
et ¥ 79 () J mum i
rd QI g J !I A g
{ ¢ Vo <= 2B HTHIL
(¢ AT B ARALR
PN o s
{ gt?‘,f‘%:}f{ 7 B2y
N T AN
W
S f{ ',?Z\&._/fx \
X (/"'O )
N ,/\\

2 YIRITBEM RN EE
Fig. 2 Extended square search method
AR AL SO P T, PN RPR T 2L
2 AH TSR I E A~ P AL DI ()X — F A
K P ALE TN S I 8] U BB B 2 1 8] Y
FVFR) B RIRZIN ], BRIl AR SRR I T S

http: // www.china-simulation.com

Published by Journal of System Simulation, 2017



Journal of System Simulation, Vol. 29 [2017], Iss. 3, Art. 27

5529 555 3 4] RGN EAR Vol. 29 No. 3
2017 4E 3 A Journal of System Simulation Mar., 2017
EARAR %, 3 MIEPHEESHENNIIE S

g bpnd, 1IEATRK N IIERE, LA
KPR 1.

F1 I IEACIRE R F KR F K
Tab. 1 The factors and levels of orthogonal test of submarine

search
WA Toe ot Nenw  few  Rew Ky 70
1 30 9.0 1 3 5 1.2 330
2 60 2.0 2 6 8 1.9 270
3 90 5.0 3 9 13 15 210
4 150
5 90
6 30
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Tab. 2 Mixed level orthogonal test scheme of L5(61 X 36)

KA

0 0
T Ony Negw  tew Row Ky 0

4iESR

EAs)

1 130) 3(5.0) 2(2) 2(6) 1(5) 2(1.9) 1(330)
2 2(60) 1(9.0) 1(1) 1(3) 2(8) 1(1.2) 1(330)
3 3(90) 2(20) 3(3) 3(9) 3(13) 3(L5) 1(330)
4 1(30) 220) 1(1) 2(6) 3(13) 1(1.2) 2(270)
5 2(60) 3(5.0) 3(3) 1(3) 1(5) 3(L5) 2(270)
6 3(90) 1(9.0) 2(2) 3(9) 2(8) 2(L.9) 2(270)
7 1(30) 1(9.0) 3(3) 1(3) 3(13) 2(1.9) 3(210)
8  2(60) 2(20) 2(2) 309 1(5) 1(1.2) 3(210)
9 3(90) 3(5.0) 1(1) 2(6) 2(8) 3(L5) 3(210)
10 1(30) 1(9.0) 1(1) 3(9) 1(5) 3(15) 4(150)
11 2(60) 2(2.0) 3(3) 2(6) 2(8) 2(1.9) 4(150)
12 3(90) 3(5.0) 2(2) 1(3) 3(13) 1(1.2) 4(150)
13 1(30) 3(5.0) 3(3) 3(9) 2(8) 1(1.2) 5(90)
14 2(60) 1(9.0) 2(2) 2(6) 3(13) 3(15) 5(90)
15 3(90) 2(2.0) 1(1) 1(3) 1(5) 2(1.9) 5(90)
16 1(30) 2(2.0) 2(2) 1(3) 2(8) 3(1.5) 6(30)
17 2(60) 3(5.0) 1(1) 3(9) 3(13) 2(1.9) 6(30)
18 3(90) 1(9.0) 3(3) 2(6) 1(5) 1(1.2) 6(30)
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Tab. 3 Orthogonal test results of submarine search using dipping sonar
R Tiw Ol Nosim Ly R K Yo Py Ty
1 1(30) 3(5.0) 2(2) 2(6) 1(5) 2(1.9) 1(330) 0.734 3 20.97
2 2(60) 1(9.0) 1(1) 1(3) 2(8) 1(1.2) 1(330) 0.0230 37.06
3 3(90) 2(2.0) 3(3) 3(9) 3(13) 3(1.5) 1(330) 0.706 1 30.55
4 1(30) 2(2.0) 1(2) 2(6) 3(13) 1(1.2) 2(270) 0.997 5 1.48
5 2(60) 3(5.0) 3(3) 1(3) 1(5) 3(1.5) 2(270) 0.2621 26.95
6 3(90) 1(9.0) 2(2) 3(9) 2(8) 2(1.9) 2(270) 0.150 1 32.46
7 1(30) 1(9.0) 3(3) 1(3) 3(13) 2(1.9) 3(210) 0.993 3 1.45
8 2(60) 2(2.0) 2(2) 3(9) 1(5) 1(1.2) 3(210) 0.002 8 71.10
9 3(90) 3(5.0) 1(2) 2(6) 2(8) 3(1.5) 3(210) 0.006 3 40.16
10 1(30) 1(9.0) 1(1) 3(9) 1(5) 3(1.5) 4(150) 0.0309 21.97
11 2(60) 2(2.0) 3(3) 2(6) 2(8) 2(1.9) 4(150) 0.922 3 38.19
12 3(90) 3(5.0) 2(2) 1(3) 3(13) 1(1.2) 4(150) 0.808 4 28.37
13 1(30) 3(5.0) 3(3) 3(9) 2(8) 1(1.2) 5(90) 0.8827 19.44
14 2(60) 1(9.0) 2(2) 2(6) 3(13) 3(1.5) 5(90) 0.9921 19.23
15 3(90) 2(2.0) 1(1) 1(3) 1(5) 2(1.9) 5(90) 0.002 2 48.40
16 1(30) 2(2.0) 2(2) 1(3) 2(8) 3(1.5) 6(30) 0.9990 11.38
17 2(60) 3(5.0) 1(1) 309) 3(13) 2(1.9) 6(30) 0.743 6 26.79
18 3(90) 1(9.0) 3(3) 2(6) 1(5) 1(1.2) 6(30) 0.006 1 34.69

X4 PACASIRI S R
Tab. 4 Orthogonal test results analysis of P,

W= Tiw Ol Nyan by R K Y0 Py

| 0.773 0.366 0.301 0.515 0.173 0.453 0.488
1 0.491 0.605 0.615 0.610 0.497 0.591 0.470

Il 0.280 0.573 0.629 0.420 0.874 0.499 0.334 0515
\V4 - - - - - 0.587
\Y - - - - - 0.626
VI - - - - - - 0.583
W22 0.493 0.239 0.328 0.190 0.700 0.138 0.292
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Tab. 5 Orthogonal test results analysis of 7,
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I 35.77 27.12 25.21 33.72 17.98 25.04 37.57

28.37
v - - - - - - 2951
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VI 24.29

W 2377 9.04 537 812 19.37 6.98 17.27
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