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A Study on Implementation of Monitoring System of
Distributed Simulation for Underwater Warfare

Won K. Hwam - Yongho Chung - Jong-Yeob Choi - Sang C. Park

This paper presents design and implementation of the monitoring system for the distributed simulation of
underwater warfare. As importance of defense modeling and simulation(M&S) has raised, Simulation-Based
Acquisition(SBA) was authorized for an obligatory process in the development process of weapon systems. Yet, it

requires tremendous resources to develop a large-scale simulation system that describes complex and broad

battlefields. Therefore, an approach of the distributed system was devised to develop a new simulation system
combining legacy simulators that were developed for confined purpose and sole operations. High-Level Architecture
(HLA) of distributed systems is a standardized protocol by IEEE for the distributed simulation system and Run-Time
Infrastructure(RTI) is an implementation of HLA to structure efficient distributed systems. The main objective of this
paper is to derive appropriate monitoring factors for underwater warfare simulation, design and implementation of
the monitoring system to analyze the factors based on HLA/RTI.

Key words : Defense M&S, Distributed System, HLA/RTI, Simulation Monitoring, Underwater Warfare
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gars e g slo] A AlEH el A" 4%
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(Australian Defense Simulation Office, 2004).
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Fig. 1. Monitoring System in HLA/RTI based System

ol Agold A2gle] mUE o] e & 4T

oA TUE A2we] e A7ARRE $5A1717]
fietel 55 w4 26 A1 A28 A 9i
2da 9AE T30, 2% QA2 HLA/RTI 7|
o Aigel A Aol T80 5 e o] )
oA A W R RS AT Sk AR o)4
AZsglolA] 5% 1A Borh A B Asg
& Fig. 13} 2o] 2fo|ES0] WA= HolEE 5
ok, AlgElold AlEE ALgko.2 WU slef A
Balold Aele] H4o] stk

2 =29 ol M2t Ak 20lME
Wl 2oE mdYsly] 9t HY 845S =EShL 3

igAoR e ) 9ie
HLARTI 18 45 270 Aol AlAeg e
ok 4gelAs AAE veo R 7% BUHY A2
‘é‘ khl]o]-l U}-x]tﬂ—Oi H Oq?-_,] ﬁio uﬂ‘—]:]-

2. £F BH BOIE Y3t DY 24 &

]

21 £35 M MLER ==

T LA F4lo] He AR Al e,
A Foll thF-Eo] AlTE siA oA -3tk Alsfoll Al
+8E = Ao g4 Ehs AK(Sonan) 24, SIS
gl paEEl] Bl 9 AYE dohfle Aotk

71 ARS-E= FlolH(Radan)= s F2E wf A
g EAE] - 7] wol vk siA A ARE=

Aol g A4
3lo] AS BAsHs EAOo R 93] Mgl A0S
3 Aesto] Ashe GO R A4 e

SEro R AgEt At 2018 A
)
Sk

l

ZOIS 23 HLA/RTI 7|8 AlZ2f0]49] 2LIER AlA

8 7% o7

o Bslnl o AP cl JHIE o|gsher), 3
ALym) RWleh 20 i AL o B ek

Aol WA Aule I4Te AW 9
HHE F AR RS ofzolck. ofg AtE B
Sjo] BaEst 40| £ EAS FAst] Fulgih Uut
A9l o]7|o] HEE 30-50 =E(1Knot= 1.8km/h), A4

72l 1040Km =olck. Aol 4 A7) oJsha @
XWI Vg HE T e ALET AT
=, 5% 2 38 =E0] &5 Y 4= qlri(Saunders, 2011).
ofof ulzo] % uf, UubHel el oljo] See
o] dreuck mhan], 34ge ofzle] 34L Ts]
1ol 715719} Aot olsjef olslel 321 efstaL
ojF7} ARE B XIS uf 74| Iu)7)EE 43ttt
(Cote, Sapolsky, 1997; Task Force ASW, 2005).

‘: —’F%Oﬂ

ek 5 SR £ BAAS T £ 5 0
F % ot WA Aelg o) 9 a2
A gheeh. sHIT 5 Aok WarEhe Sae) AlE

3l EAIek] AYE s AL 4= YleR sl
A9 YIAE wotsl=d| 7Fe EJM“]“% ey wAl
M FE 2UE ARl SakE WSS X*?M
5 avho] oJaf ofghe] EA7t kT webi &
o] Q3 AHL Al nq-a} B3lx] Sslojale E =
& avE 8ot Ao, 2= 349 2F
olElE ¥7] $I5t 13] W LWEM(Chm, 2000).
% Aol 4l ﬁ#d 2] B2 e Al
2ol ofsto] AAErh AP o] &Y, Fup
EHA 2HAIA] ol Qe el wjE oo Zirke- Ae
= 100Khz o] e} A, Fheata 22 A7 2] 9
2 1AL 520Khz Afo|Q] AFut ;L}E ARg5Ho] B
k. U] A5 S7HE Slel E8s A1, &

ot

I‘I

OI-r

M2 A3 20134 6



oot
rdo
ox
0x
00
|t
bt
OB
o2
nng
>
S

we] =717k AA o<

1o A 50 e Al
2 2 aclo] ofsf 11 Asol 23H

2001; Wikipedia, 2012a). &7} 2 73‘01] ko ELH] HP
L olgt Subh 4olq A o) v 244 8
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o] L GRA et gobn) Skt FteA) ok &
7elo] epd A3l he Akl AT
AR £8 B4E et 21 288 afsts
7] a1 ) A% 24, WA A8, At A
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W34 e gute] 24 Aolt Suks FUT
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B =2 ,ﬂ_ welEl @4 Table 10 FHE o] ¢l
WAl B R 4 8arE A 37 9 olF
g, 78 5S4 e WAV 2ast 54 3 o] )
<) R S 5 J ARZL A7 2 AR 014 EA
A% 84, 2|3 74 913 AEe dA 7Hx117k A7l
Aol 942 Ar 9 Wk ARE FFHS) $F W=
A5 WA R opyt AT Al ofste] 285 of
2L 7|7 22 571 WArE EAEkETl 771 A=
A 548 AHe A R ERE o Uk 7] A
o] B9 =ad Hdy 84 Table 20 2H ] Ql
ot 71 il EHﬁP 574 BE= 7olH, ToiF, vk

S A ] 57, 18 480 28 ),

% 5 WA Sef S EA, GA 5
hya ] o

et=AlEE0|MdetE] =2

e o] 7]akele] E&E It Wikipedia, 2012b). E3t
71 Qtd wAls AlEEoldolA et B B

2 &5 HKim et al., 2

007).

Table 1. Modeling Elements for Battle Entity

Characteristic

Modeling Element

Maximum Velocity

Acceleration

Simulation Entity

Turn-ability

Volume

Light Torpedo

Heavy Torpedo

ASROC

Weapon Equipment

Harpoon Missile

Decoy

Jammer

Active Sonar Power

Detection Threshold

Detection
Detectable Angle
Noise Emission
Current Latitude
Current Longitude
Position Current Depth

Current Course

Current Speed

Table 2. Modeling Elements for Weapon Entity

Characteristic

Modeling Element

Simulation Entity

Weapon Type

Parent Entity

Target Entity

Name

Maximum Velocity

Acceleration

Turn-ability

Maximum Operable Time

Position

Current Latitude

Current Longitude

Current Depth

Current Course

Current Speed
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Factors of
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Current Position

Direction
Maximum Spec

Sonar Power

Noise Level

/ Latitude
:

Water Pressure
Speedaf Sound Propaeation|
Tragsmission Loss

Longitude

Depth

Fig. 2. Synthetic Battlefield Model of Underwater Warfare
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SAGOIE S Z=TtHBub, 2011). AlEgold Folls &
wof AEE olgdl Suf A £=E Al4leH, Range-
dependent Acoustic Model E+= Bellhop} -2 4=2] &
92 AMga) 3 Ag Swol AR o) $Alo] ke
Sufo] AT £AE AL 4 oIk £2E o3 A &
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o] gue} Agaold Ao meH, AlgdolA
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2ol Wasts Algold A7-E KBl Kalo]
2 A% A 93 Bre wHs| 98 Basi.

3. HLA/RTI 7|8t &= @™ A|E23|0|M
AJAE MA

3.1 HLA/RTI 7|t A|S3[0|M AJAEl
HLA/RTI 7]5ko] B4b A B0l AlA8e 7 7]

|2 2I8t HLA/RTI 718t Algaoldie] SUER AIAE 75 ot

FUAleld Al2E 02 AK]-L=5(P-S, Publish- Subscribe)
T 2chels w2k P-S gje{riele Aol SetodER
=, Seto]AEE0] HolHES Al AAlsta
a3t glolelEg 5ohHA FAlRITh ofof B2 Al
S AR 7I5Ee] FAE AJ2E ) SEAof) ARl B o
THCoulouris et al., 2012).

HLA/RTI 7|9k A|AgloA= SefoldES #HEg o]
Ezt Ao, HHgo]EE0] RTI AHo| HloJEE AA|
slaL 3tk ofoF e A AlEdold AladE |
tl2go]d(Federation)o|2} 541, Z} #|t] o] E(Federate)
o] AlEdlold 3 5 wekdt Hlolg WolEE Ao
BefRt ZAE #Hejdold A4 =(FOM, Federation
Object Model)o|g} gttt FOM2 24X 2l A A(OMT,
Object Model Templates)2 wehA 2=t Htjd o]
Eof|A| RTI AHZHE FOMO| W82 AX/F=317] 9]
a4 HEgo]Ex RTI QlEHo]Az AlEdolA 24|
HE(SOM, Simulation Object Model)2 ZF=t}. RTI A]
HeL #Hejgo] & AloloflA] k= dlofE A A
(Object) A9} olEj& H(Interaction) ZA7F 24
shetll, 44| Seie A5 0R FiEE HlolE, 2F
AL HAIR|ef o] ThilAQl HlofE ngho] 2]
ot s Aok QB S dlolE o] FA
FOMo] AdiEo] 9lom, AREe2olli= </J(Attribute)
55, AHHA Aol g2 n]E(Parameter) 55 5}
floll 7HA Al dlole F5o] 49| HofUtHIEEE Std
1516TM, 2010).

HLA/RTIE 7]Hto2 sh= BAk AJEHo]d A|xg)
= 3o s sk I3t Al EAR] HHg o]
A 7 2 =8 HXHFEDEP, Federation Development
and Execution)o]| A= Hcjdo]A 7k Table 33} 2
o] HoJstaL Qlrt. & ¢AollAl= FEDEPO]A] Aoje 4
b & 4gAIQl FE ol Fdho] 4= LS i, H e
olAe] AlEdold ElolHE TSI 1L ¥ Ay
LEE5he ST 0|55 A YstaA}; 3= Qick HUE Y
A&-IO] S Fol AlEE o)A We-S A8t A}
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22 g o|tiShin, 2007).
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Table 3. Federation Development and Execution Process

No. Activity

Environment of Environmental
Battlefield Properties

Define Federation Objectives

Perform Conceptual Analysis

Design Federation

Develop Federation

Plan, Integrate, and Test Federation

Execute Federation and Prepare Outputs

N || AW N~

Analyze Data and Evaluate Results

HLA/RTI 7]ite] Al2dofl A 1ehstr] ik FOM 27|
£ 33t FOM A7l= 2Ely 94:9] E4of ule} 2
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7HAe] 54 dlolEE wEd = e Al FOM
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Fig. 3. Design of Object Classes
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Fig. 4. Design of Interaction Classes
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