I

staAlZe0|d5ts] =2

FIHA 2ot

Vol. 19, No. 4, pp. 261-270 (2010. 12)

S8 @0 ATl MHIA 7 Ot AT

Services of an Integrated Simulation Engine for Weapons Analysis

Taesup Kim - Joonho Park - Hyunhwi Kim - Chanjong Park - Kangsun Lee

ABSTRACT

An integrated simulation engine provides tools, services, and standards to support various activities in the entire
M&S from modeling and simulation to analysis of the simulation results. Many countries have developed integrated
simulation engines to efficiently assist complex M&S activities. However, we do not have domestic simulation engines
especially designed for defense M&S, therefore, developing M&S softwares still remains as a hard task with high cost
and tine. OpenSIM(Open Simulation engine for Interoperable Models) is an integrated simulation engine and provides
tools, services and standard interfaces for weapons analysis. OpenSIM’s services are comprised of classes, member
functions and data attributes which are commonly used in modeling, simulating and analyzing weapons systems. In
this paper, we introduce OpenSIM’s services in C++ APIs and illustrate them through an ASM example(Air to Surface
Missile).

Key words : Defense Simulation Engine, MOE(Measure of Effectiveness) of Weapons, Services
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3.1. OpenSIM Service Architecture
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QIRE FAF AARE A B ARl mA e A A3
- 2AY AA S Absk] ffRt AR|AE AlETi:
OpenSIM-2 HLA(High Level Architecture) 7|5t 3|t]
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29} 22 AZIRE Au20) RS Algdith Al Ee
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71412 HSC(High Speed Communication)& A&
B,

¢ External Distributed Communications : TCP/IP,
HTTPS 59| HYEYD $49 w4k A48 2He
2Aele] ok ATE UL 4 Y=E AUk

* Event Management Services : F7|A|A4] avt= £
4 91 WA B T A oME S]] AE
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OpenSIM federate HLA-federate LVC-federation External System

5 Gs 3 a External Medeling
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Distributed Simulation Management Services

Standard Modeling Framework
Time Management Services
Event Management Services

External Distributed Communications
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Network Communications
Threads
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3 2. OpenSIM Service Architecture
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3.2. OpenSIM APIs

OpenSIMof| A= 3.1.73 ol A O AH|2of s
C+ 2ol Apste] APL Bel WAL WA
4o)El APIS] ®Ifl= HAF, AlEdolA, 24, ¥4 %
HE AlEold A AH|Aet ) AF, 71E R EE
Al zsolef. B Ao ikt ZoiA) wAk B4 A
Edo]4E 3] OpenSIMS| APl & o5 Holth
3.2.1 - 32,62 FtiA| nAMLS] anteE 241517 Sl
el Radar®} Missile 2 FAIE AE7], AE7|7F &
= o] 37, 25717 43 Target OpenSIM
o] APIE E3f s W8-S At

3.2.1. Atmosphere

Atmosphere= 0120 T} 9|2jof T 7] 37
tlolE§ dlo] 323t 4= Q)& A Yghct. Atmosphere
= 7] #e AElE 7= Op_AtmosphereState 2
29} 54 Age] wg 7] 4 HlolHE 7HAAL o
Op_AtmosphereManager SAE AT 0] Qlt) ARE-
27} Op_AtmosphereQueryol] B--5 ARg3to] Amet
Sfiz, 1%, updateTime S A2ahel Qe el 7]
24 tloleE DB tj7] &4 dHlolg Hole=RE ¢
0]9} Op_AtmosphereState 2 7} 2c) FhA] ujAld o]
Fapo] FEke vAls vi7] e Y] Sleiale
¥ 29} 72 Atmosphere AJH|AE &-83F 4= Q)

3.2.2. Logging

Logging> Alggold Fof HAIXE 7|5sto] He
A AT S RS w2e A uBe 471
(Information, Warning, Error, Fatal) Fej= & 4 Ql1L
£ WA XS GUIS} File®] 27F4] wiAlE -3l €<l 7}
5otk LogE 817] fleliAl= Log & 29| g Yo
4] Op_Logger 22-9] LogMessage() o5 AR8-5Hd
Hr}. Op_Logger 2ol 215 B4} k= WH <}
474 Log Level HH{7} Qlo} GUI Zdofl A A5t

| 266 JEEINE R PSEE

=X

H 2. Atmosphere AR oA

double altitude = 5000.0;
double latitude = 21.0;
double longitude = 43.0;
TimeType updateTime = 1.0;

Op_AtmosphereState atmosState;
atmosState = Op_AtmosphereManager::Query(
altitude, latitude, longitude, updataTime);

R 3. Logging AFR oA

Op_Logger::LogMessage(“debug”, “ASM”,
Op_Logger::Information, 0.0,
“This is the output String Take”);

Op_Logger::LogMessage(“debug”, “ASM”,
Op_Logger::Error, 0.0, “%s %s %d”);

I/ LogE 2% 3| &9
Op Logger::SetOccurrence(true);

R 4. AirCraft Journaling AH& oA

/I AirCraft:= Op_ModelC& A< whol A E I 714
AirCraft *airCraft = new Aircraft();
Op_ASClIlJournaler *aJournaler = new Op_ASCIlJournaler();

aJournaler -> SettimeStep(0.1);

aJournaler -> AddAttribute(“airCraft”, “locationX”, “X F|3&”);
aJournaler -> AddAttribute(“airCraft”, “locationY”, «Y Z3);
aJournaler -> AddAttribute(“airCraft”, “locationZ”, “Z Z3”);
aJournaler -> PrintJournal(“H|3§Z}3%, «);

3= AL & 4 9tk 3 32 Information¥} Error &Ej

ol tiet Logging ARS- cflAo]ct.

3.2.3. Joumaling

Journalinge- A& o Fofl A8 Hol £4 =
=5t B4 P49 ool ARt AR o
2 ASCII &4]9] .ajd o} ¥} Binary 49 .bjd 3¢,
MATLAB &4]¢] mat Zt¥o] Qlt}. Journaling2 &
A7 mle] R8s TRAHAMEA A5 99
A AFg3lD] B IS Sug mele] o] ofa) 2
471998l ARES) OpenSIM ] Journaling 7] &%
£ °Jet Op_Journaler S48} o5 A= Op_
ASCIlJournaler, Op BinaryJournaler, Op MATLABJournaler
S48 Agelel 7K Al Tile Fed X 4
© AF719 X, Y, Z #3xof tisto] ASCII 3412 Jour-
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3.2.4. Basic Modeling
OpenSIM @] ¥ mdlg] =995+ DEVS™ &4
28 23 AFE 4= Qo) 19 3944 A3 OpenSIM
mdzge] 21304 Sub-Component= DEVS2] ¥z}
2d2  Component= DEVSO Zgtndls of-3-&m,
Channel-2 Port= A&E 4= Qlc}. T3t OpenSIMO] &
£ Sub-Component®] 3§9}+= DEVS2] Aeje} Alel| A o]
£ 53 29y === gk OpenSIMojAl= DEVS &
Ao Ee 2Els A4kl ofof et AlEdolde
Z9EH= DEVSim++ AP o wulgoz Basic
Modeling AJH]AE L&} ck Op Model ZA=
OpenSIM  BElS L&5k=t] Lagh 7l FL22A
Op_ModelA%} Op ModelCollA] ZE02 AMgal= QY
22 o= U W ABdolMe] Wag A Jus
B W 5O U4 Bt Ag 2 mEo
Aol 450 Aslait gk 4 2ot 49
1:]» L _9,_];<]_ mdo] 7% of
oMlE HFke
%‘— *JEH Ho| g}
A1 s 7
7

ot

o} %E} Op ModelC= 23 mao o
TS Aoz Y& olE [T wd 94159 2
% 3= Op_Model: A<siol T3t 9 918 &

2 TAR} o E8 A WA, Wi 92 BAE st
H Eoh 3 5= OpenSIMO| RHY) Z|Q)¢j=o] wat

AirCraft-g& AJASH= djAolch

E 5. AirCraft =9 A oA

// Radar ModelA % 2] (Radar.h)
I AR Q5 AdE] Aol Wi AdE o), &
1A A @48 oppoll FASJoF Tk
class Radar : public Op_ModelA {
public:

Radar();

Radar(std::string name);

~Radar();

1%

/o5 e Ho) F=

virtual bool ExTransFn(const Message &);
I e o) F

virtual bool IntTransFn();

SIHA ot BMS IS 7 2| AZIO| AH|A A HiOH g

&9 g

virtual bool OutputFn(Message &);
/] N7 AZ] e

virtual TimeType TimeAdvanceFn();

enum Status {WAIT, SEND, DETECTION};

protected:
int m_Status;

IS

// Missile ModelA A 9] (Missile.h)
class Missile : public Op_ModelA {
public:

Missile();

Missile(std::string name);

~Missile();

virtual bool ExTransFn(const Message &);
virtual bool IntTransFn();

virtual bool OutputFn(Message &);

virtual TimeType TimeAdvanceFn();

enum Status {WAIT, MOVE, SEND};

protected:
int m_Status;
I8
// Radar2} Missile ModelAS Z3}5}0]

/I AirCraft ModelC & (AirCraft.cpp)
AirCraft::AirCraft() {

SetName(“AirCraft”);

Model *radar, *missile;

radar = new Radar(“Radar”);
missile = new Missile(“Missile”);

/I $9) AEYE 58
AddComponent(2, radar, missile),

/| AirCraft Ports 5=
AddInPorts(1, “from_monitor”);
AddOutPorts(2, “to_no_detect”, “to_detect”);

/" AirCraft®} Radar, Missile Coupling
AddCoupling(this, “from_monitor”, radar, “from_aircraft”);
AddCoupling(radar, “to_aircraft”, this, “to_no_detect”);
AddCoupling(radar, “to_missile”, missile, “from_radar”);
AddCoupling(missile, “to aircraft”, this, “to detect”);

3.2.4. Utilities

OpenSIM w813 9 AlEE o4 $:300] Holg &
WA 3 67} 270] Data 729k 8 FI12)E, W Ul

I =9] UtilitiesES A3tk
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# 6. Utilities £ H 8. Analysis AFE oA
Data 4+%& Queue, List /| NEdo|d B4 BA
8} &412]= | Matrix, Runge-Kutta Op_Statistics ASM_Statistics;
= @ B3 | Normal, Gaussian, Uniform, Exponential
T = - p double confidencelnterval = 0.95;
7| ek Lanchester Equations Kalman Filter double mean, variance, standardDeviation;

F 7. Utilities Lanchester Equations A& | A

Op_Lanchest lanchest;

lanchest.Lanchest(0.0, airCraft Strength airCraft Attrition,
target_Strength, target Attrition);

// AirCraft®} Target®] AE]S Update
lanchester.Update(timeStep, airCraft_Strength,
target Strength);

lanchester.GetTime();
cout << “AirCraft = ” << airCraft_Strength;
cout << “Target = ” << target Strength;
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ol AirCrafte] AHjE malgsly] Qajxs & 73+
0] OpenSIM 2] Lanchester Equations A|H|A5 &-&
% 9l
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3.2.5. Analysis

OpenSIMefA= Aol ] =30l tiet $AE &
A3H= Op_Statistics 2| /\9} System A&-o] tjal] &
A5= Op_Report SHAE Y3t} Op_ Statistics=
AEdjo)e] Bzt _;—}_—é—-‘ljx]—, AF=ES AlFstH, Op_
Reporti= AREo)H Bt 58 A1k CPU ARG, 4 o]
me] AL W3, HEYD o] 45 T T 4 =R A
Bt} T 8 x| At ARE B4 A] Bt AE
dlold ARE CPU 9 wijxte] AMg- &), Bty 24k 59
A= 7] ]3] OpenSIM2] Analysis AH|AS Shg-
gt olE Heloh
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=X

I Algdlol oA @A} sk Hat
mean = ASM_Statistics.Mean(&data, 1000);

i1 AlEgo] Aol A Aaxt sk EAF
variance = ASM_Statistics. Variance(&data, mean);

I Mg ol oA FuR} st BEHEA
standardDeviation =
ASM _Statistics.StandardDeviation(&data, variance);

I AEEold 8 A=
ASM_Statistics.Confidence(&data,
confidencelnterval, standardDeviation, mean);

// BatchMean 7|%¥] AR
ASM _Statistics.BatchMean(&data, mean, 0.1, 10);

11 Aol Alag w4
Op_Report ASM_report;

/110008 Aol 3ol et gt ARt
ASM _report.GetAverageSimulationTime(1000);

/I AEFOlA =3 Al CPU ARE- &3
ASM_report.GetCPUULil();

I AEFold 3 A mEE] AN dg
ASM _report.GetMemoryUsage();
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