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Effectiveness Analysis for Survival Probability of a Surface Warship
Considering Static and Mobile Decoys

Myoungln Shin - Hyunjin Cho - Jinho Lee' - Jun-Seok Lim - Seokjin Lee - Wan-Jin Kim -

Woo Shik Kim - Wooyoung Hong

We consider simulation study combining static and mobile decoys for survivability of a surface warship
against torpedo attack. It is assumed that an enemy torpedo is a passive acoustic homing torpedo and detects
a target within its maximum target detection range and search beam angle by computing signal excess via passive
sonar equation, and a warship conducts an evasive maneuvering with deploying static and mobile decoys
simultaneously to counteract a torpedo attack. Suggesting the four different decoy deployment plans to achieve
the best plan, we analyze an effectiveness for a warship's survival probability through Monte Carlo simulation,
given a certain experimental environment. Furthermore, changing the speed and the source level of decoys, the
maximum torpedo detection range of warship, and the maximum target detection range of torpedo, we observe
the corresponding survival probabilities, which can provide the operational capabilities of an underwater defense

system.
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Table 1. Cases of mobile decoys considered in the literature

Mobile decoys |Types that mobile decoys

Author(s) considered are fired

Hong and
Kim (2010)| 2 static decoys +
Hong et al. 2 mobile decoys | ii) 2 mobile in the rear

(2013) + 2 static in the front

i) 2 mobile in the front
+ 2 static in the rear

i) 1 mobile decoy| £30, +60, £90° from
Song

ii) 2 mobile the initial maneuvering
(2010) .
decoys course of surface ship
Pak (2008) )
———1 4 static decoys +| 90° from the torpedo
Pak et al. 1 mobile decoy |detecting direction
(2011)




gb719] mlo] tste] check. 3gl AL AAE RRS
4k Agelold A} WS AN 1 AnE B
3 EabQ) wolAlAle] e-guete] dia ek, 4%

oA Ao AR I T APHES AN,

2, 29 34 9 He HF

el mY e 37 (RgHole), SARHA
gh & 7|92 3714 xﬂﬂli TAE, Zhzke] mdoj
1:H§l— ﬁﬂ—,— q_/H_Q,_ 1:1] Eﬂ q.ojﬂr 71—1;].

2.1 FHoig nd

® AT nelsks Aol FAE 45 2F
]_

2 ojgolrt. FAolE: x4 FHx A Hz
(-2000m, -2000m, -50m)<] ¢jx]ofA] HWQ% Aoz
7Hggtt) Hx AN 24 7)E E4(TMA:

Target Motion Analysis)2 E3f] TAZS ]/;_Pé}.ﬂ 1
Azt e R ojzle wAIT Ajzke BAQ) S
o 78y W3, olF] £E o8-8t Jlit 2443 7]
3lslA0] W o @ 13ltHPak, 2008). E3F TMAZ A

Alsked] glol Txje] AR 9jx9} ofzrt wHje| 914
ehal el 914 Tt @A S SEA Q4R dles)
W, 1 X7} £3° oJYoA H5EE(Uniform
Distribution) & W2 =% 7}g3ic)

U} F BAS SIS SOl 45 9 24 of
2 94 WE(Sweep) Wl Ul A2 A1
A& AAsIE 24E G4 3 (Homing) =5

At 27 958 SikPak, 2008). 4 HAE &
AshAA BHOREE UA Az MMI Aeleh A5
(& AFoA= 300yards = ) 2F FHALAR S0
P e g
Aol ARAE Sfa 67 BALS ANePak,
2008).

SA01g9 2 g2 o= A 371 24l wet
AR =, WE o} gA A, 1Yal a5 v
gAoll 2t SE(Signal Excess: 4120]5) gholth 2|z
A EA % W2 ) el Qe B4 % Ao w0
2] Wol EAfsk= A0l tisto] A (D] % v 7
4\(Pak, 2008)S F3 SEE ik

SE=SL— TL— NL— DI- DT (1)

A (o] UeRRe] SE= B4 w2

A
€ A #= =i, SEE 25k

Al (18] 3ol Uehtbs 7> SL(Source Level),
TL(Transmission Loss), NL(Noise Level), DI
(Directivity Index) W D7 (Detection Threshold)o|t}.
SLE 5 95 5ot EA oA WAshs 259 A
715 SJuRith TLE Zuto] Ad &84S Lohe A
=

TL=20logR+aR>x10 3

(R: oF-3A7F 78], «: Attenuation Factor, f: &
U AR Tl 2A AkhE,

1f° 40/
-4 f2 07f2+0.000275f2+0.003
1+f* 4100+ f

—17.14log(f) +52.643+10log(By)  (2)
0.4V0p—2 3)

= A ( )3 olF A Aes
WEZ Vippe o7 0|

% L}EHHL A 55 HehH
o}

o7 Af, Ap= 717t £, FA WY WES
om|atn & Atol|d= = tf 30°= ARt upAet
08 DT= B4 AAARA 23 A59] &7 7E
Htsl= 7)otk & AtolA= o FHof €2 Ag
e 13 ©1 YAAE ARlelg o, ®22] 180°
el of=|7t YR|ekaL of=|e} A9 A7t o]=e]
Zd g4 A} #E wo] SEE AXkste] DTZ A
skt A ()9 =5 &4 HA Ao Qs SEQ Flo]
0xtt I mHo] BRE Aoz 71Esl=d|, SE7} 0
Hrp Arke A2 #23o] WA= S?H 2717 A
o A, S AF Aol Qaf) EolEA H=dl 1 gt
o] ¥ AT} FA HH T == AL on|ith
weta F 2% 34 g WE Wy 9 24 A
S AE o|fel] EAsk= A thste] 4] (1) 3t

He5H mM3s 2016 0¥ @D



>
Ofoh
02

SE7 0wt 2 B34S Fa) ste] FH5pl Grk
HIOF W% 1 Aol B2 olue] tpe] Alo0] £
Sl B A% SEgl /MY 2 B2 Fo ophus
AHsigick Fig 12 dolzle] £5 W BA) mUg A
BeloldoR euelEaRt Hxjol,

Perform TMA
& Fire Torpedo

!

Search Target
(snake or circle search)

1. Within beam angle
2.In the maximum detection range
3.Max SE

Detect
Target?

Distance 0f 300 yards between
torpedo and target

Approach to target
for attack

Speedup to 45 knots

Stop(target destroyed)

Fig. 1. Moving and detection mechanism for a torpedo
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Table 2. Parameters for simulation

Platform Parameter Value
Initial location (-2000, -2000, -50)
Speed 35/45knots
Search beam angle +30°
(Enemy) -
Torpedo Maxnnym target '1500~3000m
detection range (interval: 500m)
Search pattern Snake, Circle
Error on firing angle +3°
Initial location 0, 0, 0)
(Friendly) Speed 25knots
Surfac.e Maxlmm torpedo 1500, 2500m
Warship detection range
Source level 114dB
Operating duration 180 seconds
Decoy Speed (mobile decoy) 12, 18, 24knots
Source level 140, 150, 160dB
Deployment plan 4 plans

7212 1500m, 2500m=
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Evasive
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(Group2)
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Fig. 2. Evasive maneuvering of a surface warship with decoys
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Table 3. The simulation results for survival probabilities of a surface warship when the source level of a decoy is 150 dB.

Decoy Mobile Warship's Maximum Torpedo's Maximum Target Detection Range (meter)
Deployment |Decoy Speed| Torpedo Detection Average
Plan (knots) Range (meter) 1500 2000 2500 3000
Plan 1 1500 0.450 0.248 0.204 0.076 0.245
an -
2500 1.000 0414 0.036 0.032 0.371
= 1500 0.566 0.176 0.138 0.142 0.256
2500 1.000 0.870 0.738 0.248 0.714
1500 0.934 0.778 0.692 0.604 0.752
Plan 2 18
2500 1.000 1.000 0.460 0.426 0.722
" 1500 0.994 0.458 0.448 0414 0.579
2500 1.000 1.000 0.992 0.940 0.983
0 1500 0.536 0.174 0.170 0.050 0.233
2500 1.000 1.000 0.924 0.292 0.804
1500 1.000 0.990 0914 0.586 0.873
Plan 3 18
2500 1.000 1.000 1.000 1.000 1.000
" 1500 1.000 1.000 1.000 0.986 0.997
2500 1.000 1.000 1.000 1.000 1.000
. 1500 0.514 0.194 0.190 0.114 0.253
2500 1.000 0.950 0.784 0.306 0.760
1500 0.890 0.734 0.660 0.482 0.692
Plan 4 18
2500 1.000 1.000 0.954 0.854 0.952
y 1500 0.984 0.542 0.514 0.360 0.600
2500 1.000 0.966 0.952 0.936 0.964
Average 0.893 0.725 0.639 0.492 -
A 7ubr1e] 42 12knots?l A9-E AlQlskals 745 T AEEo] "olrlrka sz ol v A
Plan 33} H[W§S W) BIErf H2 0= LERdt Aok | ofF] FAA7F 2500mY o=
uEbA el olF] Aol A ¢ 7)€ A4 7IR719] £r7t S71gtel weh et BEE]

&ejo] A4:9] 797} oflehel o] H-94] 47]9} A

42715 67) g3k

Plan 4%t} F-53-4] 2712} =}

4] 27](% 47))2 AMESH= Plan 30| © &I} o|ala

e
4>

Sl

[e)
1A

off

2

e,

4 7IRb719] Szt e o] Aol miAle

& Yoti7] 9J5t0] Plan 2, 3, 404 75 Bt BEES

SR vluws) Hokal 1 Avk= Fig. 3. (a), (b)2t

o WA @99 ofz) §x727} 1500me]

v
. AP

sk
o

1+

7119 L7t S7igtel wheh el et AEE]

Plan 391 $of7t X|&5o0=2

Z7}8}al Plan 2, 491

R4

ol 18knots et 2 79 ©5]%] AR Aol
Aysick. ol ofzle] WAt &= EL G of# B
A 9 A 5 BRHe 04S Tejd wask 9o

ol o] e R 7] £E7) AR o o S

@D == o|MstE =2

o,

=ls
=2

W Z7KEE & 4 Uk B BEEo] ohd ofze)
4 YA AEEES Table 304 SHela) wel
Plan 3 Aolat Uol At thiE A4 Zurle] S
7} 18knotsel|A] 24knots 2 57kl ek AEgol e
sgiek. ol A4 74719] E7h YR £0r o]
7 4] 73710 S]] Ao ofu] U e o]
b 9318 A JE)e] s fakE 2 9
She Ao BEEch gl AR JlalY Seds
H]3s) 4 Aol o}5] Plan 30 74 E0}ae) 2 o
A g Selat 4 9l

ofzle] B4 BB 12 P HEEo| WetE
Amue, oj2le) £2 YAt 2714 §9 B

WERo] HoPE & 4 gt ot HuHon:

o

23] T 4 G vol PR Fu] 28



£24 9 KB JI8t7l0) B3t 282 mafet 4480l MES Ut iz 24
1 1 / -
*
09 ,’/. 0.95 ==
Eos = ’ ’
= /.~ Z os 7
207 / s -~ 2 / / ’
- [=] .
£ 06 7 : Ty -4=Pln2 & 085 . e - 4= Plan2
ERE 4 —&Pm3 E g ./ ; —=—Plan3
E% 04 . —k Pland C% ( / ~4& Plan4
03 / 0.75 'a
I e d
02 d 0.7 -
12 18 24 12 18 24
Speed of Mobile Decoy (knots) Speed of Mobile Decoy (knots)
(a) Warship's maximum torpedo detection range = 1500m (b) Warship's maximum torpedo detection range = 2500m
09 1 =
TN
E\ 0.8 E’ 0.9 \\ 3 -
£ 07 - z NN \
:g - \ £ 08 < — -
2 06 < N -4-Pln2 & W N - 4= Plan2
E 05 \“_ Plan3 E 07 N~ & B Plan 3
= ~—L .
7 04 --&"* ) ok Pland 05 \\\ T4 Pl
~ »
03 A 0.5
1500 2000 2500 3000 1500 2000 2500 3000
Torpedo's Maximum Target Detection Range (meter) Torpedo’s Maximum Target Detection Range (meter)
(c) Warship's maximum torpedo detection range = 1500m (d) Warship's maximum torpedo detection range = 2500m
0.75 095
W —— -l
B 07 — = = 5 09
:5 0.65 :; 0.85
£ == Plan? p% = 4= Plan2
T 06 —B—Pn3 T 08 CoSmm==== —=—Plan 3
c%gﬁ Plan 4 0%0?5 Plan 4
- G - = = — =% )
0.5 0.7
140 150 160 140 150 160
Source Level of Decoy (dB) Source Level of Decoy (dB)
(e) Warship's maximum torpedo detection range = 1500m (f) Warship's maximum torpedo detection range = 2500m
Fig. 3. Average survival probabilities depending on the speed of mobile decoy, torpedo's maximum target detection range,
and the source level of decoy
e B o] o= FRA o me Jd¥FE Fig. 3. (o) Al 717] 28 Wetde gld 4= qioh
2 )Oﬂ UERH 1AL, Plan 49 7-9-0f] o]=]of 322 §A] o g 7eb)e) SL(Y el weE ¥
Ael Z7koll upe g Fasol b A tekt odokry] Yiste] SLE @AY 150dBeIA 217} £10dB
o} 53] 9 olg] @xAZ7} 1500m<l Fig. 3. (c)9] 2 W73t 140dB 2 160dB 2 A5l X279 5
A8 WE Plan 38 Alojslne BE ojzle] A A Adk UFS AWskch SLY WIS o]e} Zo] 4H
7217} 2000m o wj AEEo] 50% vinte] AvE 3k olfre gRbdeR 7)o asgo] Ao Hlg]

ik 1ela AAom F5e ofz HAliseo] Hol

A2 7219|314 gxhd Zrlof| s 3y MES
S e 8-S o 42 glom, A3 Plan 30| 71 AT}

30-40dB =7 98317 wjHoltkPak, 2008). Fig. 3.
©. ()7} 719719] SL Wislol w2 B A AL
of Tk kS Lhehul Teftoleh. A% Aol Leht

A5 mM35 20161 02 @D



>
Ofoh
02

£ HieF Zo] SLo] AEge| nAs YT A PO
o, 7]9k7] -8 vietol wheh o8 o) AEge] A JF
= 5 Ho Frh 53] Y oF g@AAYYL
1500m?l Fig. 3. (e)5 W Plan 39 790l ti=f
70% AE RAE= UhE Plan 2, 4= 50% FA9 &
& woltk el ofz) BAAe7 27kt Fig 3. (D
7850l AEEo] At os A e I Fofl Plan
3nto] F-UsHA 90% ol/de] SHEs HAshs Ae gkl

T 4 ok

2 AT SF £ 74 ol B
Ao HERS ol7] 912 BBH o
of Lofalgih. B FF Yol AUL
797) WAk ste] Hatston,
71e R4 AuE

it
I %

of HEe 272 o PO HEEE £

v\?_

%}]\

g whoto]| that Al B o]de agtozH Fo-

g 2H oA 249 7nr] &8 AgE £k
2 RSy

3

5

D10 ) o rfr do o B
LN

2 Aol M AARE Aol Etsthal Tl 3
Alof thgt AltAdE AEE Bar) ek WA, 22
o FEje] oA=7E AAl ZA=ellM AT B 2851

2 N ) A AToIAE Bk Thoke BRo| o
of digt #7149l fake 4o Wast Aojtk 53] 3

2 34 ofze] A9 BA Bd 5 W 0] o 2]
EL 7]Re] o) 5 chive] 477k Aasolof & A
otk ThEo® 4G4 slur|e £ AH1Y 2§
232 U ChEBIE Bt 9o Al e e
£2 6% Yol ABS & Bt gk wpgos 3
Zolze] FRE APAo] & 4= i Ao] AubHel 43
A TS o) Bfuls15e) Fef 2 7)Y 23 5
G chofistel thRt BRO ojugd AR
(Robust) T ke 27] Slat 17 w3t BT o]
ok 3 A ojZjo] B ARCIAZ W MAZEe Ao
2 J1Euahel e BIARE hE ARelN

L

d

@D == o|Msts| =2

1

N
2,

[o
o)
o

rir
N

]_

mQ) A1 Asol it BeS Fa) Wb
49] o] uhz Algalo| doleks HolA o
= Qieka ke B Ago)H tha) 2t ol
=}

ol thsiAls FF AFIAIR FAFIAL Ak

u)
2o

o

d

| %k
]_

k)
References

Alyanak, E., V. Venkayya, R. Grandhi and P.
Penmetsa, “Structural response and optimization of
a supercavitating torpedo,” Finite Elements in
Analysis and Design, Vol.41, No.6, 2005, 563-582.

Friedman, N., Start Worrying about Wake Homing
Torpedoes, Preceeding, Naval Institute, 1994,
123-124.

Ha, S., J.H. Cha and K\Y. Lee, “Analysis of detecting

effectiveness of a homing torpedo using
combinatorial discrete event & discrete time
simulation model architecture,” Journal of the
Korea Society for Simulation, Vol.19, No.2, 2010,
17-28.
(3K, 473 o1, “olak ARVOIAF AT BU
Ageold BY FEE AST S ofglo] 94 &
W JA, RRIEE0)H5)3] =), Vol.19,
No.2, 2010, 17-28).

Ha, S., N. Ku, K.-Y. Lee and M.-I. Roh, “Development

of battle space model based on combined discrete
event and discrete time simulation model
architecture for underwater warfare simulation,”
Journal of the Korea Society for Simulation,
Vol.22, No.2, 2013, 11-19.
Bk, e, oY, =Y, ‘oAl oA Al
aeolde At o4k AR | o4t AIZE 29 Al
BHlold 2d Fx 7Nt ME 37t wd A,
SRl E 0] 413)8] =], Vol.22, No.2, 2013,
11-19).

Hong, JH. and T.G. Kim, “Interoperation between
engineering- and engagement-level models for
system effectiveness analysis,” Journal of the
Korea Society for Simulation, Vol. 19, No. 4, 2010,
319-326.

(T3], e, “AA a= 242 93 s
A 2d AF AlEdeld 7e A, sr/EE O]
48l3] =H2X] Vol.19, No.4, 2010, 319-326).



Hong, J.H., K.-M. Seo and T.G. Kim, “Simulation-based
optimization for design parameter exploration in
hybrid system: a defense system example,”
Simulation:  Transactions of the Society for
Modeling and Simulation International, Vol.89,
No.3, 2013, 362-380.

Kim, T., “System operational performance analysis for
wire-guided torpedo,” Journal of the Korea Society
for Simulation, Vol.23, No.2, 2014, 7-15.

(A, “Afeof® AA-8/dswA 71N, o=
AJEE0]48}3] =] Vol.23, No.2, 2014, 7-15).

Ku, B, Y. Lee, J. Park, S. Chung, W. Hong, W. Kim,

M. Lim and H. Ko, “Robust ship wake search
method in the target evasion environment,” Journal
of the Korea Institute of Military Science and
Technology, Vol.12, No.1, 2009, 8-17.
(23h o]gd, Hl, AR, S99, A4 o
HeY, 3gH, “3lu] 7ol IRt 4 A EAY
B, SRAARE & 88K, Vol.12,  No.l
2009, 8-17).

Kwon, S.J.,, K-M. Seo, B.-S. Kim and T.G. Kim,
“Effectiveness analysis of anti-torpedo warfare

i

simulation for evaluating mix strategies of decoys
and jammers,” Advanced Methods, Techniques, and
Applications in Modeling and Simulation, Springer
Japan, 2012, 385-393.

Lee, Y.-H., B.-H. Ku, S.-M. Chung, W.-Y. Hong and
H.-S. Ko, “Robust search method for ship wake
using two wake sensors,” Journal of the Acoustical
Society of Korea, Vol.29, No.3, 2010, 155-164.
(O, FES, FAL F99, T, “F AY
B2 ANE o] g3 4 81 SR W, 09
g}5]X] Vol.29, No.3, 2010, 155-164).

Pak, J.M., Effectiveness Analysis of an Acoustic
Homing Torpedo, Master Thesis, Korea University,
2008.

(SR “SF . of=o] ik BA, AR
=5, IHiska, 2008).

Pak, J.-M., B.-H. Ku, Y.-H. Lee, D.-G. Ryu, W.-Y.
Hong, H.-S. Ko and M.-T. Lim, “Effectiveness
analysis for a lightweight torpedo considering
evasive maneuvering and TACM of a target,”

Journal of the Korea Society for Simulation,

Vol.20, No.4, 2011, 1-11.
(2R, 28}, oYY, Tl S99, g, o
He, 24 397|150 o FHRAAE Tt
ZBol=o] avte BA, ofiR/E 0] H5)3] +=X),
Vol.20, No.4, 2011, 1-11).

Seo, KM., JH. Hong and T.G. Kim, “DEVS-based
underwater warfare simulation development for
effectiveness analysis,” Proceedings of the Summer
Computer Simulation Conference, Ottawa, Canada,
2010a.

Seo, KM.,, H.S. Song, S.J. Kwon and T.G. Kim,
“Measurement of effectiveness for an anti-torpedo
combat system using a discrete event systems
specification-based underwater warfare simulator,”
Journal of Defense Modeling and Simulation:
Applications, Methodology, Technology, Vol.8,
No.3, 2010b, 157-171.

Shin, J.-H., “On the development of authoritative
representations of torpedo systems for engagement
level simulation,” Journal of the Korea Society for
Simulation, Vol.16, No.4, 2007, 19-28.

(AR, “wideE o FAA B A Wk
A, FAIEE0]41518] {=2A], Vol.16, No.3,
2007, 19-28).

Song, Y.J., Anti-SONAR Effectiveness Criterion and
Circumstance Modeling for Performance Evaluation
of Acoustic Counter Measure, Master Thesis, Seoul
National University, 2010.

(F&F, SFNIAAY 871 F 7wt
deAmet Bk RAE”, Akl e
sk, 2010).

Urick, RJ., Principles of Underwater Sound, 3rd
Edition, MacGraw-Hill, 1983.

Zhan, K., B. Yu and J. Wang, “Simulations of the
anti-torpedo tactic of the conventional submarine
using decoys and jammers,” Applied Mechanics
and Materials, Vol.65, 2011, 165-168.

He5H mM3s 2016 0¥ @D



AHOI - ZBIEI - 011" - UZA - O|MTI - ZRATI - UM - 52
Al & 2l (myoungin@navy.ac.kr)
=

[
2010 s dsta shay, 45t
2013 st HAL S8t
ot ot
Sotah zas

shAbsta

2013~ SR

2015~ 37|

s At
T EoF : Hyperbolic Conservation Laws, Central Upwind Scheme, Kalman Filter,

= 8
2005
2009
2016
2016~
ARk £FLPATA, HEIA

seageta AusAgsh s
Sejefel A7 A ATt A

Z! (hihjcho@webmail.korea.ac.kr)
Washington University in Saint Louis ZR}A|AE]F8}F AA}
WA SlARst A7) HAEsl

0| Xl S (jinholee@navy.ac.kr)
2002 SHZARHSHE A7138 St
AMcfeh kit A4}
University of Texas at Austin 7 g8} HhA}
2012~ FA AR IS 2

2006
2012
Aok ¢ FEA 223 AlEdold, HEHA HAs}

s
2l & M (jslim@sejong.ac.kr)
19861 A&hata AAgakat shk £4.
19889 A&theta AARshal Aak £
HABL Wt B
19961 79~1997d 109 LGEH7]&¢
19989 3~ @A AlFHeta AAYRFAIFS L} wap

1996 A-&rista

- A ol : Al
I
0] M Xl (sjlec6@kgu.ac.kr)
2006 A&t H7)HSFEE S S
2008 Aok 47| AHE B Akt
' 2012 AEthsha A7|HSFE S S 2
2012~ 2014 HLGHA} CTOH+A AU+
2

2014~ AR A7|cheka ket
342, B, Sgue)

SEA]

K33 =21

St=AEE0|



bl A7 EAE Bt
s AAEE} B4}
aha AAgE Bt
2011~ A7 FYAsATL Mo ALY

Basof - ASAEAT, dolt] W Auhsg, tAE BA

T
4 2 Al (wskim@add.re.kr)

1991 gHolarolefel skt ofs)
1993 gholatolrfal Eefalat ofshait
S R L D
1993~ @A) ekl s 2ellel

TaEol : #E FRATAT, LUALE

E 2 9 (wyhong@sejong.ac.kr)

1982 sfjtApeta AARsst} shat

1985  AMefstal HR}-getat At

1991 u]=t University of Minnesota 7Z17]-83+} vFA}
19852013 S|LAlS L w2

19972000 v]= S|FATel T wakuss

2013~ A AlFhetn Aot wg

VAR : 55 AEAY, F7AA £k 24

AM252 ®35 2016 98



