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Engagement Level Simulator Development for Wire-Guided Torpedo
Performance Analysis

Hyunjin Cho'

This paper introduces the simulation concepts and technical approach of wire-guided torpedo performance
analysis simulator, as a consequence, provide a framework for understanding overall attack procedures and
effectiveness of tactics to torpedo operator. It described the mathematical models of simulation components and
weapon engagement principle, especially it derived the closed-form solution of time consumption and leading
angle problem of torpedo attack situation based on geographical assumption. In addition, it adopted the proportional
navigation guidance at final stage of torpedo attack and also consider the tradeoff relation between target ship
speed(propeller noise level) and detection probability, so that it improves the fidelity of physical realism. Simulator
is developed with high degree of freedom in the perspective of tactical situation, and it helps user to understand
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the overall situation and tactical effectiveness.
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of Physical Realism), 217 Zroj%(Degree of Human
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A DoD, 1995; Piplani 1994).
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Pak, 2011; Shin, 2016). A-5-%= =ojFof B AU
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Fig. 1. Collision triangle
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QA0 IHEL 2] (4)2} Zon, Covariance matrix(X)=
diagonal matrix 2 7}73}ic)

X~ Nu,x) C))

where

p = E[X]= [E[X].EX,],E[X,]]"
2= E(X—p)(X—p)7]

= diag(o?, 0’3= U%)
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Fig. 2. Engagement geometry on two-dimension
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SL = 60log K+ 9log 7— 20log F'+-20log D+ 35 (8)
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(Shin, 2007), 7|9t7]¢] Fa} 2] A] 4] (7)ol TE of
2] drARlof wheh A4 Eoh

Tt 7]917]9] SEESL) 71Egke FHaEA(Urick,
1983) 10.642] U-8-2 SE3I3Ich A5 AR -2,
71971 FA|GA(Omni-directional) HE-S 28519
A9k ] e =7t A% FoflA 7|& SL

Fi 7t

o] ZA T g AR 7 $x]7) Zo]= Cardioid
g o2 mAkstgthPak, 2008).
3.3 AlgidhH

o oz AlEdo]

Jojo] el s 18] 49 4
B Ak A7) mE 7 FHRLEY 75 of
ek, o] Fato] A
A A=A g

e
o
i
[
T
=
J‘z

314 HH2-A1%)(Monte Carlo
simulation)& 58t} AT 7] 3605 X%BP%Oﬂ 3t
o] 34 AFES T 3 & Ak o] F$ 360=
9IS of 3.6 114, 1007]2 U 5-5ote] 74 HRolt
5009]e] KlRAdedo] ey vl Rk Adnit; of=|<]
TMA 93 9 &) A4 o] ofaf A T2
AWdRdol A7 HaL, sl tist HFA9 54
Aago| AlzEh BHEAS S 2aslels ) Ado
st AR AES] AAAES st HE AHE AF
3lo] =35 Q0B o] RolslEE gt

A
off) FATA KL 91 Aleti ma wRae
ol-gstef ¢ejl 7\7401] s 2+ A 227 520
a3t A)7FE ©A|5PE Figure 33} Zth 223804 o
wek HEe o] o=} EARte| LrepAof wheh thek
o FER 7 AR el & 4 itk
Figure 4= 7de AlEd|olE o] G531 oAolt).
ARE AlEdolAd 24 wet 4 aase] A8S A
AJSEL Qltk o] 5 Foto] 0] 9] A7) 5 AlEee]



E 8 8 8 8

E 8 &8 8 8
g & &8 §8 8

(c) (d)

Fig. 3. torpedo attack time consumption (example)

(@ Vi, >V; case (b) Vi, = V3 case

Aol & AI%MXI P TRt oMLE(7|T, 24
= 9 PNG $5)5 HAjslo] o) ols) W g A
55 wﬂ shetat 4+ glek

Figure 59} 6.2 J2]9] 27of ] yhEAlglo] w2
A 4 AEE O otk ol B Ve #
A(3h o] gepole(d4 0= 71, CCW W), 2l
Z ol oAt} Zro] FFglo] Fuj7|Ey} 7|W|S ARRS)H
© 8% o= 34E0] Worl= A &l & 4 3ok

=

lo

[0978] Torpedo M&S_testbed_v1.1

. £ 8 8¢

000 200 o 200 a0 o000 000
. NN ewe Nal

Fig. 4. Simulator UI

ot

48 2 FF a7AY

A
Kl

ffste] ARt AlggolE ol tiet id % Has B
Aol dhsliA skt 53, o= $AEA e
QI_t 718tekA] ®ee] IFgoll A AlZtel whgt ®EAlE
7122 F4 AQA7F 9 =z gt dE &
th oot 7 ofF 9] ¥4 daiElE W Ao el
AF EZElof| QlojA AlEEe hﬂ g = %ﬁ}%
FEZ o] AT 2 AR oS LT RA,
Aol tigt ofs B &= Ao kS & 5 U=
Aoz 7|t 35 AFA] FY 25A1E 24 7

(c), (d) Vi, < V2 case (min and max time, respectively)

s %Y FuE B4 BAL7Ise 7 ool

e TR ErTOr
vy TMA Emmor

210

Fig. 5. torpedo performance analysis
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Fig. 6. torpedo performance analysis
(with evasive maneuver and decoy case)
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