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A simulation for the analysis of the evasive capability of
submarine against a torpedo using DEVS modeling

Jung-Ho Kang, Sung-Jun Lee, Ju-Hwan Cha, Seong-Jin Yoo, Hyo-Kwang Lee,
Kyu-Yeul Lee, Tae-Wan Kim, Yong-Seog Ko

Abstract

A simulation for the analysis of the evasive capability of a conventional costal
submarine against a light Anti-Submarine Warfare (ASW) torpedo has been studied.
The Torpedo, Submarine Controller, Devoy, and Jammer models of this simulation
are analysised and designed using Unified Modeling Language (UML) and in addition
they are modeled Discrete Event System Specification (DEVS). We examine
maximum speed, acceleration, countermeasure systems capabilities of a submarine,
and sonar range of a torpedo as the factors which affect the evasive capability of
the submarine. This paper shows the relationships between those various factors and
the submarine’s evasive capability as the outcome of the simulation. The simulation
models can be applied for simulation based acquisition (SBA) of a submarine system.

Key Words: Simulation Based Acquisition(SBA), Discrete Event Simulation,
DEVS,Submarine, Evasive Capacity, Torpedo, Unified Modeling Language(UML)

£Z2EA SHATAH SM-11 $FLEAY AA/RZAA 715 2 45 Agdolug
Ng EAD F0e M RELEA TAPR AT YRE £9 HAS
« Agdsta gad 4ERR AN

SR ES LS LEERE DL

o F2TI)E Y Bt AT

o 2SR ot 2MHAGTAD L APANLEFY AT

woree SUISATL AP EH

-
_Lr}n:

A7
¥

1m re



58 ErITAIEo|MEs] =2 M43 HM2E, 2005. 6

1. M2
11 A7

HZ AAZANE FFE 5 2L 5
A el 8= E 7|7, A 2 AL 9
Y & 277 98 2dy E AlEY
ol d 7IME HLstn Ut A Aedstu
NNE 5 SFA A4 / BAA 715 2
Az AEUIAE A UEYZ 7Nty 713
i &F5A RAdFRE ATz Y )
2 Al2"l g g2 Auztd o sidE Al
Eifo]ld Rdg UEYIANNN EF 2428
F e AEYolA Bl FRE dFeeE A
oji},

o] M E AA ANFHoz AEHIM
23g Jfgsln ol 4 & e ZHY
AAg ASE Aol F83Ith oo g 7=
ArzA 2dy 2 AlEHOA ML g
A5t A8 EFE B glon, ofF EM
2 FF 54 248 s FAE AAG
2 Yok 2d AA FAY 7ukg vidE)
s =dsy WA DEVS(Discrete Event
System Specification)[9] @4 & Z o] & o] &
3 AlEY ol AR DEVSim++[5]& T3}
ok

2 =7dAE @A dF7sn sl BY Fx
g HZ3r) 93 Z2EEYos A5 o
3y AlEYolAE UML7IWte g B4 MA ¢
A A HE DEVSE AHLsdld 2dd 9 Al
ol FHGE YEOZE FAHY Qo

12 28 22 d7 HE HE

2 eRold AL F5Y oF A% NE
dolde AR A Frgel AA WY 3
ol FAL we W, ALY FA AA
5 2 od dg AA 4%, 2D o=
g4 AA Aol W W@ A3t deE

Aol B =g suA s, ole A4

AlEd ol ]9t FE(SBA)Y #HEE el
ZAE ANE F de P vz 282
T AL Aolth. oo} gig o], AFEFY F
8 A 2 AvEeE #3d =572 2 A
A g6l Fastdd.

A AARF £4, dAE 93 UMLES
AL83t o1, Discrete Event 714t A&
old& Fyst7|¢Ysl DEVS A Eo) ¢zt
DEVSim++& o] &3t} & =FAes oF
319 ANEdol A T A 2 ol g A
Bg AFstax o,

13 & =22 74

2ZdE E&dx 54 FE A4 (Measure
of Effectiveness MOE)$} Ayl 2 F8
A 5 AEHo)A e dsl AT
1, 3FdA e UMLE o] &3 Alg#HHA &
A 2 AAE BAFa, 4%dME= DEVS &
AES EUE 39 AA AFHoz 7+ A
2dg ste W& dis 23k 5%
Axe AlEdHH HAHAE EAHsdon, 6%
AXe 28 2 FF AF Ao da] AF3
A g

2. MZdolM T2
21 23 &3 #5 X5(MOE)

B =EdAE Adgy A )
g doie 348 ¢S 9 Fede FA
AA de R oA A AA dw, A &
A AA Feel wet ojwd & FES JHA
Ao dial E4stdtt & =& dide
2 AL e oHE I s §
7hel Haoller § B4 A2z o] Fof

1 tao)(decoy): @4 2 £ NZE Y FA=2
Al PR 39T FFEELE EESFA e 2AA FAZA
2 A (jammer):dA A& AWs¢ A& EH2HE B
Qete] A5 &8 AFE ANdslE FHXE We Z3



DEVS 7l¢t mYES Mgs

8| ofsim| M5 24 AlZ2olM 59

oz gy AAE @Atz vk #H
2] HAd £EE g% FH AR
Aoy, £ =FdAE o sy

ZtEo) A uletr s ok

o i

211 e 32 AA 4%

sty F3 AA Adede o8 JEAs
AAA g B =RdMe Feded Jg £¥
2 JtE o] s d48 Bazx g, FAeg
o Hd £8& 12 kts A 24 kts7hA] ¥
FAA 7hEA AE GES ARG =23 3
Fe JtEEE 0.047%00 A FE 0.06"%7HA] W
A A JHHAM AE FES AN

212 Zgel o2 dg AA H%

B =2 ez Mn dE AFEFL
oz tig AAZAM 3ol & M A &
A4S A2 oh. sl £8E 15
ktsoll M 5-E] 19kts2 WA A 7tEA AE &
&5 Adsta, Ay ¥ A5 1@ AH
A 202 M EE 40Z274A] WEAA 7
A AE FES AT

213 18 g2 AA H%

ol F5o ot M LAl wet
AN e AE F82 & Aolg BRY F
Atk & =EAAE o gA AA BF
T % AW g4 AZE 1400mo)MFH
1,600m7t2] REAA MM YE FES A
g

22 ANyEle 74

B =FodAY Aol o#E FHste A
weleEs oS 2ol ojFe xv]) €F B4,
Haio] $F olF A, Fd HAF 549
Al AR T Ho glen #HE =E[2]&
Fug

3 &(sonar): 7% S NEE A7) 98 A

221 o179 7] 4% B4

T A7 Fede FH4 Fi7F 2o
€ Fego2iy ofge g2 M3Eg |
of 37t dnd, FE ASFH A5
gA8tA % A 2 Relrh ol $dUt
e Z237F ofy7] Wi de F5Te
Bl A9 & wb7 Uil 1400mel 53t
A= g olFe Fid AFE 5F
g o83ty 9P oz WA FAE AF
(<1 1>9 O 449). F+ds @x3

b e o > aig
£ o

£ L

5

O®rﬂ
o o 2

% 208 HAm Qo
gAste 48 Lo 7

B S
+
5

L oElr o o oo
lo,
il
0 X
Moy
o 2
091!1 Ol [o]
Mo Pj:\i tlo (o
X o
N
o
o Bt
ot
o P 2
ks re
>,
T
NS
5 o
2 2

\4
OI'HL
[¢5

o) @4 ATstel s} fmelE wets

Yaolst W) Fgoz Msstel 3
AAFH<IY 1>9 @ A7), 714
42 PPt £ PP WA
£ o2t daols 35 WAA AU

e 87] Aol 274 g 24
#3 O=elg F oo FASAY, 23 VE

Haolg F4sA d(<1d
)

do M nly
1o
o

g
N

® 0E BY 4B AT
ER- Uk (U -2

""""

TN CEEE] ‘o oz 82 o
el [ +3uggoz
o T . =0l WAl
© 012 ol 519 -
8y g4 o @ wBrue uao
Bl WROE M0l A

<21¥ 1> Torpedo Evasive Process of a Submarine 1/3 :
Submarine Detection of a Torpedo and Decoy Fire of the

Submarin
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<1¥Y 2> Torpedo Evasive of a

Process
Submarine 2/3 : Redetection of the Torpedo after
Colliding with the Decoy
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<2¥ 3> Torpedo Evasive Process of a Submarine
3/3 : The Final Submarine Chase of the Torpedo
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<Z1¥ 4> Sequence Diagram of the Submarine's
evasive capability Simulation
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<@ 5> Collaboration Diagram of the Submarine’s
evasive capability Simulation
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<Y 6> Statechart Diagram of the Torpedo Model
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<3 9> Statechart Diagram of the Jammer
Model
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BIC : 1% 4¥ Ad A @A
OC : 9% &3 Abd Z% 89
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SELECT : &9 mde $4d&9
M12
in |EIC inl out IC in outt EOC| ogut
in2 M1 M2 out
ic

EIC : External Input Coupling refation
EOC : External Output Coupling retation
iC : Internaf Coupling relation

<18 11> Coupled Model Representation of the
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<71Y 13> Atomic Model of the Submarine Controller
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Torpedo = <X, Y, S, 8int, dext, A, ta >

X = (sublsOutofSight, subisDetected, declsDetected,
jammerlsOn , jammerlsOff}

Y = {sendingSonar, impactingOnDec)

S = {READY, DETECTING, RECEIVING, LOST, KILL
CHASING_DEC, CHASING_SUB, CONFUSED}

Sext: QxX->Q, Q={(s,e)] sES and 0<esta(s)}
Sext((RECEIVING, t), decisDetected)=(CHASING_DEC)
Sext((RECEIVING, t), sublsDetected)=(CHASING_SUB)

- 8ext{(RECEIVING, t), sublsOutofSight) = (LOST)

(
(

Sext({CHASING_SUB, t), jammerlsOn) = (CONFUSED)
Sext((CONFUSED, t), jammertsOff) = (DETECTING)

dint: Q->Q
Sint(READY) = (DETECTING)
Sint(DETECTING) = {RECEIVING)
(
(

Sint(CHASING_DEC) = (DETECTING )
SInt{CHASING_SUB) = (KILL)

A:Q->Y

A(DETECTING) = sendingSonar
A(CHASING_DEC) = impactingOnDec
A(CHASING_SUB) = (no output)
A(READY) = {no output)

ta:S->R

ta(Mode1) = o, Mode1 = (RECEIVING, CONFUSED, LOST,
KILL} , ta{READY) = To

ta(DETECTING) = TL

ta(CHASING_DEC) = Tdd

ta(CHASING _SUB) = Tsd

<% 15> The DEVS Formalism of Torpedo
Atomic Model

44 E8t Coupled =B

A4g 2de Coupled RR2A, F8He

AA Aake FHee A5 Ao} Atomic 2

43 o2 tiEd AMAZAE tie] Atomic 2
o Atomic 92 TA = S

Submarine = <X, Y, M, EIC, EOC, IC, SELECT »

EIC=(Submarine.receivingSonar,Submarine_Controller.rec
eivingSonar), (Submarine.decisimpacted,Decoy.impacted)

EOC=(Submarine_Controller.detected,Submarine.detecte
d),(Submarine_Controller.outofSight,Submarine.outofSigh
t),(Decoy.sendingSignal, Submarine.sendingDecSignal), (Ja
mmer.on, Submarine.jammerlsOn},(Jammer.off,
Submarine.jammerlsOff)

IC = (Submarine_Controller.fireDecoy, Decoy.fire),
(Submarine_Controller.fire Jammer, Jammer.fire),

SEL = (Controller > Decoy > Jammer)

<29g 16> The DEVS Formalism of Submarine
Coupled Model
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BEE v,

44.1 ZA4% Aol Atomic 5¢

A4 Aojrde READY AeidA AlF
soirl o2 RE Ay g2 dAXTE oL
™ RESPONDING #Ei7F =Hof €2 ARE

A4skA g d3zolyd AWE WA AY
g7 ¢ HAuE wAxz Eoed
RUNAWAY ZHzZA A& 39& 334
Ha, oo &2 AZE HolwE B¢
ALIVE HH2A #A4de e 433
"t

Submarine_Controller = < X, Y, S, 8int, ext, A, ta >

X = {receivingSonar}

Y = {detected, outofSight, fireDecoy, fireJammer}

S = MODE x D x Nd x Nj

MODE = {READY, RESPONDING, RUNAWAY, ALIVE,
CHASED},,
Nd=(0,1}, Nj={0 1]

Sext: QxX->Q, Q={(s,e)] sES and 0<exta(s)}

Sext((READY, D, Nd, Nj, t), receivingSonar)
(RESPONDING, Nd, Nj)

Sext((RUNAWAY, D, Nd, Nj, t), receivingSonar)
(RESPONDING, Nd, Nj)

Sint: Q->Q

D = {IN, OUT} ; 01212 GAIEHE L2l K
Sint(RESPONDING, OUT, Nd, Nj) =(ALIVE, OUT, Nd, Nj)
Sint(RESPONDING, IN, 1, Nj) =(RUNAWAY, IN, 0, Nj)
Sint(RESPONDING, [N, 0, Nj} =(CHASED, IN, 0, Nj)
8int{CHASED, IN, 0, 1) = (RUNAWAY, IN, 0, 0)

A:Q->Y

D=0UT (d>dc)

A(RESPONDING, OUT, Nd, Nj) = oufofSight
D=IN (d=dc)

A(RESPONDING, IN, 1, Ni} = fireDecoy
A(RESPONDING, IN, 0, Nj) = detected
A(CHASED, IN, 0, 1) = fireJammer

ta:S-»>R

ta(Mode1,D,Nd,Nj) = o©,Mode 1= {READY,RUNAWAY,ALIVE}

D = OUT ta(RESPONDING, OUT, Nd, Nj) = To

D =IN ta(RESPONDING, IN, 0, Nj) = Tdelay
ta(RESPONDING, IN, 1, Nj) = Tdf = 1~8s

ta(CHASED, IN, 0, 1) =Tjf= 1~8s, ta(CHASED, IN, 0, 0) = &

I

<% 17> The DEVS Formalism of the Submarine
Controller Atomic Model
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<19 18> Atomic Models of the Decoy and the

Jammer
Jarnmer = <X, Y, S, &int, dext, A, ta>
X= {fire}, Y= {on, off}
S = [ READY, FIRED, ON, OFF)

Sext:QxX->Q, Q={(s,e)l sES and 0=<e=ta(s)}
Sext((READY, t), fire) = (FIRED)

w;t :Q->0Q
8ir t(FIRED) = (ON)
8ir t(ON) = (OFF)

A:Q->Y
A(FIRED) = on
A(ON) = off

ta:S->R
ta(READY )= ta{END) = oo
ta(FIRED) = Tjs

ta{ON) = Tjo

<28 19> The DEVS Formalism of the Decoy
Atornic Model

Jammer = < X, Y, S, dint, dext, A, ta >

X= {fire}, Y= {on, off}
S = { READY, FIRED, ON, OFF}

Sext:QxX->Q, Q={(s,e)l s€ES and O=sesta(s)}
Sext((READY, t), fire)= (FIRED)

dint: Q->Q
Sint(FIRED) = (ON}
Sint(ON) = (OFF)

A:Q->Y
A(FIRED) = on
A(ON) = off

ta:S->R

ta(READY)= ta(END) = <
ta(FIRED) = Tjs

ta(ON) = Tjo

<% 20> The DEVS Formalism of the Jammer
Atomic Model

45 M Aol Coupled 2l

Simulation_Model = < M, IC, SELECT >

M = {Submarine, Torpedo}

IC=(Torpedo.sendingSonar,Submarine.receivingSonar),
{Submarine.detected, Torpedo.sublsDetected),
{Submarine.outofSight, Torpedo. sublsOutofSight),
{Submarine.sendingDecSignal, Torpedo.decisdetected),
(Submarine.jammerlsOn, Torpedo.jammerlsOn),
(Submarine. jammerlsOff, Torpedo.jammerisOff),
(Torpedo.impactingOnDec, Submarine.decisimpacted)

SEL : Torpedo > Submarine

<Y 21> The DEVS Formalism of the Whole
Simulation Coupled Model

AA AEHold EEL Submarine B2E=
Torpedo 292 Coupled 2 FTAHT F

2d el Ay FRE F3 @A Ho, o]
uet Aol gAs =2 dRzolrt BAHE
2ol ARE Aot @t 2 m Aol o
3 4 S UeAY ARE HAXE Fu P
A so] AA AE#o]o] o] Foz}

5. Al2dolH &3 I BN
51 &=atel 1 MA ds

A FAe 3 AA dss AEHNA

a7 e Aadel Ao £d% A g
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<21y 22> Relationship between Maximum Speed of
“the Submarine and its Probability of Survival
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<2¥ 23> Relationship between Acceleration of the
Submarine and its Probability of Survival
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<Z1¥ 24> Relationship between Speed of the Decoy
and Probability of Survival of the Submarine
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<19 25> Relationship between Operating Time of the
Jamrmers and Probability of Survival of the Submarine
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<1¥ 26> Relationship between Sonar Range of the
Torpedo and Probability of Survival of the Submarine
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