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Recently, the increased use of anti—ship guided missiles, a weapon system that detects and attacks targets in naval
engagement, has come to pose a major threat to the survivability of ships, In order to improve the survivability of ships in
response to such anti—ship guided missiles, many studies of means to counteract them have been conducted in militarily
advanced countries, The integrated survivability of a ship can be largely divided into susceptibility, wvulnerability, and
recoverability, and is expressed as the conditional probability, if the ship is hit, of damage and recovery. However, as research
on susceptibility is a major military secret of each country, access to it is very limited and there are few publicly available data,
Therefore, in this study, a possibility of estimating the susceptibility of ships using an anti—air defense system corresponding to
anti—ship guided missiles was reviewed, To this, scenarios during engagement, weapon systems mounted to counter threats, and
maximum detection/battle range according to the operational situation of the defense weapon system were defined, In addition,
the effectiveness of the anti—air defense system and susceptibility was calculated based on the performance of the weapon
system, the crew's ability to operate the weapon system, and the detection probability of the detection/defense system. To
evaluate the susceptibility estimation feasibility, the sensitivity of the detailed variables was reviewed, and the usefulness of the
established process was confirmed through sensitivity analysis,

Keywords : Survivability(AiZ=4)  Conditional probability(Z=712 21S), Susceptibility(IL|234d), Susceptibility estimation(IL}23ad ZH&H), Anti—air
defense system(CHEZIOA|AE])
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2 FEe $ ok THME Mol BX| MAMLL 2§ £l =&

= -

o] mATE SES Sooin, B9 S3X 0l WolsH S LIE
e M2 ARREIc FefM2 93 2700l o5l mHdg g
Che =H(mAd)slol f £7(9 &, ZE&el Sajof| ofsh &
AZ | =l =AF SEZM S| 38 WolsHS LE}
U&= Holct 2542 F £l 28 &, ZREl Sl
Olslf £Al0| LHESICh= ZRZA(F|2bA)slof| ALk 2l=5101 &
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Fig. 1 Survivability as a conditional probability of suscepti—
bility, vulnerability and recoverability
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M S ol thst REERS 2oish| 25 odef tia
LOA|ARS EASID RUCE 0| 0|85l 2y e REEmt
= 2Ol AIABIO] APEIE 12i5i0] & £
8ol tiS3l0, ol 2lojo{= ClEIA(layerd defence) 202}
Slct (Gang, 1994). EEe| LIZHOIA|IAEIE missile, gun, CIWS
(close—in weapon system2t 2 St= 2 J2|1 deffel ECM
(electronic courter measures) 2t 22 AZE ZZ FME0 2
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Table 1 Anti—air defense system

Defense System Armament

Missile NATO Seasparrow Missile System

Hard kill| Gun Mk 45 57/54 Gun

CIWS MK 15 Phalanx

ECM SLQ-32A (V)3
Soft kil q V)

Chaff MK36 Decoy Launching System
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HE|(interval)oll 2t Z2pRIC
(5) EfX|(detection), SH|(control) 22|12 1™ (engagement)
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Missile @

D : Detection G : Control D : Engagement

Fig. 2 System state

Fig. 21} Z0| 22| &of A[AR2 EfX|(detection), CilO|E]
EX|(control) 12|12 W (engagement) =OZ Zt A|ARIS| 22
O{FE HCislo] XHHZ 2S3ict EBX|FE nM7IX| FE=l=
MXIE state2 HolIgic.

iSOl |ARel M52 et REED| XMa BXl== He
of w2t E2fRIct FE 0ol CHe 8FYo| njAl EiX| ¥
2 WM HRIE interval2 HolRH OO, intervalol| CHSE 7HES
Fig. 30l E%Cl.

Fig. 30llM Di= OHEt REERE BXE = Us EX
(detection interval)= S=5t1, EI= BX| = U

TZHengagement interval)& =5} 0|2
EIX| 2|2t o] A|AHIS] W2 é,ﬂ._Fﬂ._FﬁIﬂ Uck=s A L =+
RUCE oS IS 2ol B 2C}
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EIX| AlAH]| w2 fY(HAS 28 AES Ma2lsl0d Fig. 40
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Fig. 50l 21 Zt statee| AA2 Tk Al (4)2F 2Tk

[=l

Sfate —SUJ S(YJ SpHJ Sp*Sa (j=1,---,7) (4)

O7IM, Sy, Se. Seyn Sy S, missile, gun, chaff, ECM,

DI=1 DI=2 DI=3 DI=9 DI=10

F

El=l  EI=2  EI=3 .. E=9  EI=10

————— Detection Interval(DI)

Engagement Interval(EI)

Fig. 3 Detection and engagement interval

s [ {2

State;

Scuz |

Se2
State;

Scuz |

Fig. 4 Three detection paths corresponding to states 1,
2,3
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Fig. 5 Interval of state according to subsystem
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Fig. 6 The two engagement processing paths
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59 AIARIS] 28 Mol mE state 7+2MTF BIX| 2|0
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Fig. 7 Susceptibility estimation method
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AN F8 Hife iSUojAIAR—S| LALRE fE R
o QANK| RI|HH MsSS A AXEBICE 071M LAt i.
(probability of Launch, P;), 41Z|=(Reliability, 7) J7|11 22 =
E(probability of kill, P,)0l ARBEICE (Hong et al., 2011). IE
212 WA E AL =5, e et ol WA E LAt
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£ WAlst= 28 (Seo et al., 2020)
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=1-[1—P)*+2P, « (1—P,)]

:pg
Py oy(1) = 24P, « (1-P.)%
PLACH(Q) =1- [PL,CH(O) +PL,0H(1)]

=1—[1—P)* + 24Py » (1—P)%]
Al (13)2 0| 35104 Akt ZH 2Y(MASS| WAl 251} 28240
M2 ¥ 27 SES 0|83810 FI[HHA Ms2 Akl on,
Ol= cks Al (14)2F 2ol Al (14)2] missile, gun 22|11 chaff
o BF= 242t m, g 2|1 ch2 Fol3i3ict
P(Mn]) = [PL,M(l) ° PK,mj(l) * RM] (14)

+[PL,M(2)(P1(;HU(2) ¢ R21[
+2PK,mj(1) o Ry (1_3111))}
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T2Pp (1)« Ry o (1= Rey))]
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CIWSet ECM2 SEIAQI RI|HAZ 2442 Sx)e| dekg
S| =Lt 2 stateThS 112510 F7|HA MsS At
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J2|1 chaffe £x@el 538 12510 2 F7| MA 2 7|
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T2l SxQ| DRt ER| WE 28 S3(Ppu,)0| BIEE
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oA HAE BE RIIHAES] 2IF 7| MA & 7o EE
2 12{s}0] gido| A2 HelX| g HES AL 5 qUck
missile, gunt} chaffE ARS3HS M I £7| M7 & 7k Al
of =H5(Q,)2 CIWSet ECME ARERIE M #fe 77| HA &
7|2k Aol =5(Q)E kg A (16)2F 2ol AHltkelct,

Q,;(01, G, CH) = (1= Py(M;)) « (1
(1—PK 'c )

—(PlG))  (18)

Q](C,E') = (I—P(C[WS)) . (1— P(EC]W]-))

Al (16)2 0| 35i0 g FEER| S MAHsI 7|2kt
g, & gdo| mATSK| %F% §—.E(P(E7|Detectl],5tate}))
2 ks A (17)& o|8sl0d Hiksich

(E|Detectl],5tatej) =1- [Qj(AZGCH) (17)

° Q7(GE)]

0i7|M, E= DIt 0|1 state7} |2 i B0l ZAS HSIX|
%S A Bt

CHSHUOAIAE 23IEE 2t statedilM ARSEIE 519 AIAH
£°| 7184(P(State;)), BRI AIXEC] Do we BHX| 25
(P(Detect;;)) 2|10 A (17)2+ 20 11245104 AH|Lk5Ho, of=
ckS 4 (18)2F 2Lk

J N

SE= YY) P(E|Detect,;, State,) (18)

j=1i=1
. P(Detectij) . P(Statej)

HSYOAAE FatTe FIIHAS] AL state7h HatA
oz A2 0l e wTEE BAIsk, FIHAE ARESIo]
Ho| 22 Mrslo] 2Ho| HHS Gop| 22 HES =R
EZ LERA Zo|ct

zEHoR oiyol mlAay, £ oA &&2 ZE ARI0| 2o
25 101M SYOAILE FuiTe| offiptez ol
Ol 4| (19)2h Z0| LIEKHCE,

PS)=1—-SE (19)

3.2 T2 S8 AN U 24
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Y SYOAIAEe] S-S &8 HHY 3 7isd o7

Yo, x| Bisjol| w2 2+ HEo| IUTE =olslo 2 o
TollA HEE oHd £ diHol MRIME AESIct
AN ALLE 2l Zest FY[HASS| ds2 FAH[2E
=] Mest x5 Z2YsP| 01?':1'4. w2y, MATFAIE
(Johns et al., 1996 :
Hx], AL (10)2 R7(HMA LA =HEDE A (1) 27[HA A
L7 2l B=E2| $=XIE Table 20l HIICL.
= ?_EF 75.*%Ol U= 71 M Al(missile, gun, chaff)= WX
Al AR FIHAE 28sts ST9| 50| L5,
Do} E]P—I t'dSKHI 2 $=X|E Table 30l HelsiCt
Table 23} 32| HEE 0|&3104 Al (12)2] 2IF 27| MH ¥
712b=E, A (13)9] /I3 27| M7 & 7|2 Al &E J2(3
Al (14)9] eido| mAEeiX| b2 =tE2 Atet o= qlct
SE% ALBP| SieiME 2t stateoll 2 31| A|AHIQ| 7}
EME na{stofof Sl 71EMR Al (1)1t 2 519 AIARIES
**E(A(q))% 0|Z3510{ AHtkstod, olofl ERFE +X|5 Table 4

of FzlsIct

W
it}
[
ofr
[
4>
Rall
i

rui
0!
gﬂ
o 2
_!,"'_

s= A
A

Table 2 Probability of successfully firing andreliability

State?| 7F2MES AlXSE| 2t Al (1)~(9)2t Table 42 &
£ S5l g2 A= Table 50l HelsIC) statee] 7F=AH2
EX|, 84 J2|1 wMK|e| AlAES Aoz T12{sio] A|
At mhaiM ZE A|ARIS] 28 0 3 Msol w2t 3

2fict,
Table 501|A‘| Z} state2| 7HEM2 EIX| AlARle] MEo| I
HESIE 22 Solat 4+ ok wRi ARSSIE BiX| AlAHS

D2} ol EEF: EIX| 2fE A ER5IH, SEE Al | 25t
+X|E Table 60l HMz|5I%CH

Table 42| HEE 0[85101 2 state?| 7 2Ms HlLlst
Table 52+ 62 MEE 0[83101 4] (15)2] SEE ALk 5
Ch J2|3 ABMoZ HME sEe} Al (16)2 0|&8310] 2
o| IAHME HLkIH o, O|E Table 70l Hz|siFCh

J-_I

mok ;9

Table 5 Availability of the state

State, State, State,

0.8995 0.0187 0.0176

Table 6 Probability of detection

Probability of Successtully Reliability P(Detect,;)
Firing DI State, State, State,
il e e fo | fon 1 0.00 0.00 0.00
0.9 0.9 0.9 0.9 0.98 0.98 5 0.00 0.00 0.00
3 0.00 0.00 0.00
Table 3 Ability of the crew 4 0.00 0.00 0.00
State, 5 0.00 0.10 0.20
Porawon,, | Forema, Porewicn),, 6 0.10 0.40 0.40
a -, : ) : : - , 7 0.30 0.40 0.30
DI 8 0.50 0.10 0.10
1 0.0 | 00| 00| 001 00| 001 0.0 9 0.10 0.00 0.00
2 | 00| 00| 001|007/ 00/ 00]0.0 10 0.00 0.00 0.00
3 /00| 00|00 /| 00| 00700100
4 08 | 0.0 | 0.7 | 00| 0.0 | 0.0 | 0.0 Table 7 Anti-air defense system effectiveness
5 0.2 0.8 0.3 0.7 0.7 0.0 0.0 System Effectiveness
6 | 01 ]09]02]08]02]|07]00 DI State, State, State,
7 10110901 |09]|01]02]07 1 0.00 0.00 0.00
8 | 00]00]001]001|00]|01]02 2 0.00 0.00 0.00
9 00 ] 00| 00| 00| 00| 00] 00 3 0.00 0.00 0.00
10 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 4 0.00 0.00 0.00
5 0.00 0.007 0.003
Table 4 Equipment availability 6 0.08 0.007 0.008
: 7 0.26 0.007 0.005
unit 8 0.20 0.0005 0.0005
U Availability (A(17)) 9 0.03 0.00 0.00
1,2,3,8 10 0.980 10 0.00 0.00 0.00
4,9, 15 0.985 SE; 0.57 0.016 0.015
5,6, 7, 11,12, 13, 14, 16, 17, 1 000 SE 0.60
18, 19, 20, 21, 22 Susceptibility 0.40
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Table 70llM Z} stateoll 2 SEE AlAKIL 015 £815104
z|E SE= 0.60| =12, 4] (16)2 0|3l &&e| T|HME 0.47}
=ict o Modst HiR 20| SEE= EIX| A|AEIS] 22 ofF gl

SHol| 2 gaks gh=Ct uk2fM Table 72| SE= Table 60l A
5k2 dlo} 0 EE= T 0|Afe| ZAS ZH=C} J2|1 state 4 0|Ake|
7t842 00l 2At6101 2 Qd70lA= Ol 1nB{siX| LRk

20l Moot nfAd T aig Bl S Z4ESH| 2lol
A 24 =HE(P,)2 H,j;}oﬂ e TH4ME Al o,
O| A= Fig. 82} Fig. 9ol 22t ECt 0l M3ITollA |
Algt X8 7222 silend, 2t BI|HAIS| P ot HSH|
71 Akkst Z2jo|ct,

Fig. 82 EIX| A|AEIZ ZEOZ AlRSI0] AlS izt =20
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Fig. 9 Change in the susceptibility according to the killing
probability of CIWS and ECM
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