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Positioning WESS

- WESS(Weapon Effectiveness Simulation System)
is a generic and extensible combat system
effectiveness simulation system.

» It is an engagement-level simulation system
applied to acquisition and overall design of
complex combat systems.

* It provides a platform-centric model

architecture with net-centric modeling support
based on SMP and other MDE technologies.



WESS software architecture

Application Net centric Air Surface | |Submarine| | Space Helicopter | | Air Ground | |Laser Weapon
Composition Missile Defense | | Combat Combat Combat Combat Anti-Sub Combat Experiment
Application Prototype Data | | Scenario Cognitive Behavior Editor DOE Editor 2D 3D Output
Tools Editor Editor with CSCBML Extensions Viewer Viewer Analyzer
Structural Model Architecture
Model Abstract Physical Behavior Models of DMA Cognitive Cognitive Behavior Model Templates (.py)
Architecture :
Concrete Model Components of AMA (.dll) Modeling Interface Application-Specific Cognitive Behavior Models (.py)
Modeling Environment Entity Sensor Prototype : Script || Scheduler || Event Task Display
. Acrbitrator .
Services manager manager manager manager runner || manager || manager || manager | | service
Development System | | Model Model Code Model Model Decision ||Simulation|| Experiment || Data ||Playback
& Runtime analysis| |design||verification| (generation| |development||assembly| Scripts Editor|| Engine |Management| recorder| tool
. Simulation . . . .
Data & Prototype DOE Scenario . . OpenFlight| | Icon | |Simulation|| Trace | Analysis | Playback e
i - Configuration - . . ; .
Resources Database files files Files files files Database || files Reports files files
Infrastructure |Microsoft.| |Microsoft.| | Microsoft. eSimlink/RTI Open Scene
& Platform Windows | | ACCESS | | Visual C++ Java/EMF | Boost Python Network Altova XML MapX Graph




WESS application flowcharts
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Main components

- 1. Composable simulation development toolset
- 2. Simulation application and analysis toolset
* 3. Generic model architecture

* 4. Model component library

- 5. A set of cognitive decision model scripts



1. Composable simulation development
toolset

- Functions
= Based on Simulation Modeling Platform(SMP)

= Modeling the model architecture of WESS and its
components

= Enable incorporation, extension, and evolvement
of WESS simulation models.

= Provide capabilities for simulation model design,
verification, assembly, and code generation.
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“catalogue> Catalozue CESS
Hamezpace BaseModel
Hamezpace CommonDlatalype
Hameszpace CounterMeaszure
Hameszpace Group
Hamespace Gun

Hamespace Interaction
Hamespace Flatform

4 Interface Thirbase

el tmFlatfarm
Container CounterMeasurelist
Container Gunlist

Container Sensorlist

Container Weaponlist

Sink DamageBRe=zultZinl
Sink LockedByRadarSinds
Sinlk EeleasebyRadarSinl
Source CloseJammerSource
Source FireBallistieGunSour
Source FireLaserGunSource
Sourece LannchSEMSource
Sourece OpenJammerSource
Source Sensor0ffSource
Source SensorlnSource
CruiseSpeed

OHeight

DLengzth

IWidth

MaxSpeead

Mi==ionWame
rEalli=sticCountFired
rCMLaunchCount
rlamagelewel
rFir=tCMLaunchTime
rFirstWeaponlaunchTime
rFoundTargetlistance
rFoundTargzetTime
rHitTargzetCount
rHitWeaponCount

T e el e —a T o

E Pr...

#include
#include
#include
#include
#include
#include
#Finclude
#include
#include

Clrl... |[OJF1... =2 |00rF1... |OJFL... |EJFL... |O] 4%t .. |EJ 4t ..

“BazeModel /IWeaponlockSubscriber. h™ ~
“Zensor/tmEensor. h”

"Weapory tmieapon. h™

"CounterMeasure/tmCounterMeasnre. h™

“Gun/ tmGun. h"

“Sensor/tmSensorForward ™

“Interaction/DataType/DataTypeNamezpace. ™

“SmpfSimpleTypes. B

"CommonDatalype/Commonlatalypelamespace. h™

nameszpace Platform

class tmPlatform:

wirtual publiec [ Smp:  IlynamicInwvocation,

wirtual public ::Smp::Mdk:  Management: ManagedModel,
wirtual public ::Smp::Mdk:  Composite,

wirtual public ::Smp::Mdk: Manazement: EventFProwider,

wirtual publiec
wirtual public
wirtual public
wirtual publie
wirtual public

:8mp: :Mdk: (Management : :EventConzumer,
ciBazeModel:  tmSimEntits,

::BazeModel: Ileci=zionable,

CiGroup:  IGroupHode,

tBazeModel: : IWeaponLockSubscriber

i
i Conztructors/lestructor
public:
tmPlatform (zro1d) ;
thlatfo{m( Smp: :StringS name, Smp::StringdS description, Smp:  ICompos
wirtual “tmElatform (woid);
i Fields
private: . .
A AR (mf =)
iZmp: i Float3Z2 CruiseSpeed:;
public:
c:Smp: :Float32 GetCruiseSpeed() const {retwn CruizeSpeed;]
woid SetCruiseSpeed(const ::Smp: :Float324 newV¥alue)l {CruiseSpeed = newWalus
private: .
i BRAEC(n =D
i8mp: i Float32 MaxSpeed;
public:
Di8mp: iFloat3Z GetMaxSpeed(] const {retuwrn MaxSpeed;]
woid SetMaxSpeedlconst ©:Smp: Float3Z& newWaluel {MaxSpeed = newWalue;}
private: . _
£ fdarE s MWIEE T . =il F SR FSR. D
CommonDatalspe: :NameString MissionWame;
public:
CommonDatalsype: (HameString GetMissionMame () const {retuwrn MissionMame:}
woid SetMizzionfame (const :CommonDataType: :NameStringh newWalue) {Missiont
private: .
Pl v
i8mp: iBool rMiz=sionSuccess; -
< >




2. Simulation application and analysis
toolset

- Component tools
= DataManager: manage combat system parameters
= ScnEditor: scenario editor
= ScriptEditor: cognitive behavior model editor
= DoeEditor: simulation experimental design
= Simulator: batch runs with Monte-Caro sampling
= SimDisplay: simulation display in 2D and 3D
= SimLogger: log and playback simulation data
= QutputAnalyzer: script-based output analyzer
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ScnEditor
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criptEditor

% ScriptEditor - EASIim2000.5MP2\Test\Scripts\AeroObject.py . o E‘E‘g
IK‘{it = WE #F iy 18 EE Python &[0 #EEh
OD~2RRBE@&| @ 2w |t -~ @BOEE . | mr|@&r o @@
SubAntisurface.py /V Aﬂ'oobject.wxl 4 b -
174 [] 1 (PIl.FetchEventParaBool ("MissileWarning”™, "ByFireRadar™)): -
175 MissileID = PI.FetchEventParaInt{"MissileWarning™, "MissileID"™)
176 mzlTrack = PI.GetTrack(Mis=zilelID) v P_DragAway : int -
177 [ it (PI. Distanc‘.eIn{msirack:l{i EWMERange) : v P_Fc-rmFIy: int
178 Fl.Debug("E E S =53, BEE<3deM, :3s=>FE 532 "% (C_EWMRange,/1000, Phase2S5tring . . .
. v :
178 PI.RAutoMissilelwoid() p‘MEs'l?GUIdE it
w0 | PI.Phase = P _AvoidMissile v P_RTE:int
151 [0 slse: v P_TacticFight : int
182 PI.S5cheduleGuardEvent {"Ra:jarifarning&ua:d", "RadarWarningGuarddandler(", "Radariz F AvoidMissile(Platforminfo) H
183 [ PI.Debug("EEETEN Z3&, EEE >34, #4255 "% (C_RWMRange/ 1000, Fhase25tring {Platfc § Breaklock(Platforminfa)
183 [0 else:
185 PI.Debug ("534 2 :35=>413% 532 "sPhase25tring (P1. Phase) ) — |  BVRFight(Platforminfc) j
136 PI.AutcMissilelwoid() = | J CACFight{Platformlnfo)
187 PI.Fhase = F _hvoidMissile — | f DragAway(Platforminfo)
188 - .
we  HEEENSR>RIALENE (REEE) S EnterBVRFight(P])
120 [F] d=f RadarWarningGuardHandler (PlatformInfo): S EnterCACFight({PlatformlInfo, TargetD)
181 PlatformInfo.Debug("SEEE 532 FEE<3dM, :33=>313E 532 " (C_RWMRange/1000, Fhase25tri J FormFly(Platforminfo)
182 PlatformInfo.RutoMissilelvoid () f GuideOverHandler(PlatformlInfo)
123 FlatfocrmInfc.Phase = P_RAvoidMissile § InitDecision(Platforminfo)
124 FlatformInfo.RemoveExternalEvent {"RadarWarningtuard™)
T return F LockByRadarHandler(PlatformInfo)
186 - F LockByRadarOverHandler(Platformlnfo)
w7 AELRWSE, TEER f MissileGuide(PlatformlInfo)
128 [] d=f RadarWarningGuardFunc (PlatformInfo): . .
MissileL hHintHandler(Platf Inf
1z8 migsile = PlatformInfo.GetllosestWarningMissile () f !ss!e auncl intHandler{Platforminto) 3
200 distance = PlatformInfo.Distancelo(missile) f MissileWarningHandler{Platformlinfo)
201 #PlatformInfo.Debug ("SZ S S8, PEEdKM, : $3"% (distance, Phase25tring (PlatformIinfo.E F MissileWarningOverHandler(PlatformlInfo)
202 return distance < C_RWMRange f Phase2String(Phase) |
i: = TRy J RadarOrientMainTarget{PlatformlInfo)
EEERE
205 [] d=f MiszaileWarningOwerHandler (PlatformInfo): f RadarWarningGuardFunciPlatformlnfo)
206 #PFI = tcPlatformInterface.tcPlatforminterface F RadarWarningGuardHandler{PlatformlInfo)
=i PIL = FlatformInfo f RTB(Platforminfo)
= . s CECM™Y S0 :
:; #l_(iiia:ziigﬁ:ﬁﬁ tHE ?,T” ' J StepDecision(Platformlnfo)
o SPT.CloseECM () N J TargetFoundHandler(Platformlinfo)
11 J TargetLostHandler(PlatformlInfo)
212 [ 1Z(FI.IslockByRadar()): _ | £ WeaponFailedHandler{PlatformInfa)
z1a | PT _Mebna (" S8 & So T 0o 2 o= R S = "2 Phaae? Strina (PT . Phasasl ) |9
< m | b f WeaponSuccessHandler(Platformlnfo) I8
i7: 159 El: 36 Selected: 0 3T : \r\n 4305 : cp936




-
. =S
B RFEIIE -
. EERSEREF BELAABITE
=1 2 200. 100.
¥ESSHE. ik rConbatExanple. oed ool 2 200. 150.
=450 | FRET ShAE | ShEm =83 2 200. 50.
AR AMEET EEET BFKTEE it 2. 300. 100.
- = sk A EF & | i | rEFmE | oF T 25 [#FE |
i“"“'""“b“’”"'e TR =N = BAROEE e HE s s 125 =S 2. 300. 150.
— P P [ mEswEs hngleRessluition | float 2 175,
[ BeEEEET RecsiveFactor float : i 6 2 300. 50. L
= \_t RedCarrier 5 50, =
[ s ReceiveLoss float =887 3.5 200. 100,
4\ FighterB
: [T ket Recsivehntennsfain  Eloat =g 3.5 200. 150.
dar2(#18)
§ e ar\:ig [ e Scanlyele donble rieg 35 200. 50.
EsMz(ES) - . s
e [ Fumr Antennaleight float 10 25 300, 100.
T s e SigualFrocessloss | float
I Missile4(H S) [T Ee#% SignalBendwidth  float =1l 3.5 300. 130.
P [ [ =8 Height Eloat =812 3.5 300. 50.
= \_t BlueCarvier I MaxPiteh Float =813 5. 200. 100.
r MaxTr ackiunber in
A\ roheera t T T =14 5. 200. 150. i
Z’ Radar 1(818) . = —_— ﬂ,__,.;
s WESSIFRTERI - ==%hl.0ed ﬂ
Z’ EsM1(E1IS)
X s [T BAERESTE YAl
Seeker 1{B15) ™ s
i [ BmES (=] Gzl vaper = BEERR | |2 HEEH: [ #higzeat [ FiEnis [gigzear - | -
} esems) ' ) — X it SEZRENIR 1 Ef 0
i = ’2. qh [¥ rlLockTargetTimes B E S IERT AR SR i e W1 ']
[ tfirstockTime S EET el pEdad Rl =i P
Ei q5EE = i HiE Tl il
. a | | e A 7 tFirstRadarWarningTime | EbEiaEEAEREe SA%E « pEg Rt =
- - = AN e [V rFirstlockDistance EREEERES s et & ;g:
----- T wusE | irstRadarWamingDistance  ERUEASSAMEEAES S8R | s R =0
I =
..... I ANJAF [ rFirstMissileWarningTime SR SEEHEE ¢ ,\ﬁ ?{E TR et
£k L |
_____ Z/ weu- [# rFirstMissileWarningDistance = EimigSsMiElR=E EEFE "-'7':—:' §§ 41 %§I
et 1 T |
| o [ shccelN e REHE | eile 0 %g.
[ sClimbRate e REIEE #% %g %ﬁi ;g: L
= : : . 5 S 3
I:l F‘ Bh [ sRemainFuel FERENR WEEEE ,.‘,7.% %%E %ﬁ; %g:
= I meee ey =S wEuE | s 535 Bk 5
[ sNh ERTEARTESE RELEE SR A1 i E
= AN e : & s i =
: [ snv HEEESSNEESE HREAEE 274 Al o]
""" Z NoLi( . - LH?J_RE% Hernne KLt A
[ sNx ilie:=7 HEEEE SiTEEs P Tt ]
..... P e 1 gt ]
T A | issionsuccess sEmmEE sexmE | Egﬁﬂgi ﬁ Hie i g;
..... I 9B-111 [ rMissionSuccessTime FERHTEETE SR ¢ ?;%%%%2\\] _ ::% §§ %ﬁ; Eg:
. . 4 { e 1 e |
..... i rem [ rHitWeaponCount EETERN s i %ﬁﬁﬁ”m i i i ZEL?
i pET B : 875 1 ]
[¥ rFoundTargetTime EaEREFETE AR BEE.. ,,\?;E vin ANjAPG-77 me §
[# rlostTargetTime BREZRFNE A BIEEEETT HET5EIR AN/APG-77 S
BRENEE.. SR ANJAPG-77 e
¥ rWeaponCountLaunched EEIERNE HEEEEE 0 - EWMEmER.. SR AN/APR-39 ELS) -
< i ] 3 < [ | v
< . » = EEETE FIRIAEEER HRER B

m




Simulator
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SimDisplay and SimLogger
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OutputAnalyzer-analysis script

LS ScriptEditor - EASIm2000.SMP2\Test\Scripts\DefaultAnalysis.py | = | =5 23 |
M e NE B2F e T8 ES Python &0 #¥E
D~2oRB@& &+ an|lo | #@tlcr -~ BOEB. BB rre @@
’ SubAntiSurface.py r AeroObject.py r AnalysisBase.py / DefaultAnalysis.py x ] 1 b w
85 Scenario=ExperimentInfo.GetScenario()
=1 Doe=ExperimentInfo.GetDOE ()
a7 & from AnalysisCommaon import *
B8 | Fe L O @ import os
89 mydir=GetDefReportDir (EXxperimentInfo) . .
50 #templactefile=ExperimentInfo.DefScriptDir ()+'\\defaulttenplate.dot" #E—f,’:{zl* @ import ime
91 templatefile=ExperimentInfo.DefScriptDir()+ terr.p'_atefc*'rra' dot' #?Eff{IFF @ import win32com.client
93 word = WordWrap (templatefile) T E T Bwordll 1, WEFEEER v AeroCoeffTableOptDict : dict
33 word.deletelll () sEEmBERERIR, Ez%ﬂj%%ﬁ v IRTableOptDict : dict
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3. Generic model architecture

- Rational

= Targeted to engagement-level simulation, few to few

= Platform-centric combat with net-centric support

= Separation Domain MA from Application MA
- All models within DMA are abstract, i.e. non-instantiable
- All models within AMA are concrete, i.e. instantiable
« AMAs inherit the DMA

= Separation cognitive behaviors from physical behaviors
- Stable physical behaviors represented in C++
« Variable cognitive behaviors represented in Python
- Cognitive modeling interface

» Formalized structure representation based on SMP
= Quasi-formalized behavior representation



3. Generic model architecture

» Modeling framework of WESS model architecture
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I

Top view of the model architecture
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N - Ccn<'ic model architecture
Top view of the model architecture

- Abstract event-based time advancement algorithm

= Basically, the motion model of every entity, i.e. subclass of tmSimEntity model, is
continuous. To advance time, the simulation time should be discretized with a basic step. At
the functional modeling level, the detection model of a sensor is discrete time, probably
with time-varying steps. For the platform model excluding motion, another important
functionality is to invoke its cognitive behavior model for tactical decision-making over all
simulated time when the platform is “alive” in the mission. To represent these cognitive
behaviors, both discrete time and discrete event time advance mechanisms are demanded.
The former is applied generally for regular situation monitoring; whereas the latter is useful
to schedule a decision point ahead of a certain time already known in the moment or given
the quantified condition under which a decision would be made.

= To precisely and efficiently model these different time advance requirements, a discrete
event time advance mechanism is chosen by the simulator. Each model will register its time
advance requirements to simulator in terms of simulator events for discrete event or cycle
events for discrete time. For this sake, two kinds of events are available for registration. One
is decision event, and the other is detection event. For the continuous time advance
requirement, a basic step specified by the user is used to register the third event kind, i.e.,
basic event. When a simulator event is triggered, depending on its kind, different
execution sequences happen as shown in next slide.



Top view of the model architecture

- Abstract event-based time advancement algorithm

Event based time advancement -
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Top view of the model architecture

- Abstraction-oriented motion modeling
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3. Generic model architecture

Platform model architecture
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Modeling framework of combat
platform models

Information Scenario and parameter database
query interface

Situation Motion
Situation computation dynamics

Cognitive analysis interface
decision Track

computation e Fire manager o
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control interface | control eapo
Manager

Navigator

Cognitive Group datalink
modeling Maneuver

interface Physical domain of platform model




Platform model architecture H

Weapon launch management
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Platform model architecture

Fire control weapon management
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latform model architecture

Ay Patform mode architectur

Missile guiding (active radar seeker)
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Ay Patform mode architectur

Missile guiding (semiactive radar seeker)

latform model architecture
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Missile guide (near air to air missile)
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I

Platform motion statecharts
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3. Generic model architecture

Sensor model architecture
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Sensor model architecture

Template Method pattern based detection model

gModels
tmSensor

+StepSensing( SimTime : Float64 ) : void
#BuildCoordSystem() : void
#GetCandidateEntityList( CandidateEntityList : vector<|EntityDetected"$ *">"$ &" ) : void{query}|
#FiterEntity( CandidateEntityList : vector<IEntityDetected"$ *">"$ &" ) : void{query}
#GroupEntity( CandidateEntityList : vector<|ErtityDetected"$ *">"§ &" ) : void
#TargetLostCheck( CandidateEntityList : vector<IEntityDetected"$ *">"const § &" ) : void
#ScanTargets( CandidateErtityList : vector<[EntityDetected"$ *"="const § &" ) : void

vold tmSensor::StepSensing( Smp::Float64 SimTime )

{

AAEEE R RIS
for {(unsigned i=0;i<CEL.size();i++){
BaseModel::IEntityDetected* pTarget = CEL[i]:
if (DetectTarget (pTarget)) {//fEE Hix
/I AE H AR e
if (!AlreadyFound(pTarget->get ID())){
OnTargetFound (pTarget) ;

//Build local coordinate system for sensor
BuildCoordSystem() ;

//Get candidate entities within max scope
vector<BaseModel::IEntityDetected*> CandidateEntityListy
GetCandidateEntityList (CandidateEntityList);

//Filter Entities according to angle limits

}
FilterEntity(CandidateEntityList)4 else/ ;;{ﬁrw;?;ﬂzéalh
OnTargetDetected (pTarget) ;

//combine indistinguishable entities
GroupEntity(CandidateEntityList);

}
}
t of sensor's scope else{//KIEME]H+x
f/ZHIEEER T Bin
if (AlreadyFound(pTarget->get ID())){
OnTargetNonDetected (pTarget, "G SN Kig") ;

//Check local target list for possible
TargetLostCheck (CandidateEntityList);

//simulate detection

ScanTargets (CandidateEntityList);
!
//save states
SaveState();




Sensor model architecture

Abstract Statecharts of sensor models
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Track report

ensor model architecture
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Sensor model architecture

Air fire radar statecharts model
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Weapon model architecture
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Damage evaluation and report
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Statecharts-based guided weapon

eapon model architecture

modeling framework
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eapon model architecture

Surface to air missile physical behavior
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Air to surface missile physical behavior
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Weapon model architecture
il

Far air to air missile physical behavior

. LaunchFarAAM / Onlaunch “;{W
[FlightTime==BoostTime]

L EAMISR

[Speed=MinSpeed || Height <0]

| do / MoveBylnstruction
\ [Distance==5SeekerMaxRange]
nstr:[ctTrackLDst
/ Openseeker B [after(MAXHANDOVERTIME)]
InstructOpenSeeker de / MaoveBylnstruction
TargetFoundBySeeker ii
- { SendDamageResult
AN 2 B R4S 2 L
IEfE#I RS, Ba=E TargetlLostBySeeker
E RS | do [ MoveBySeeker
®
[CanOpenFuze] / FuzeOn
N - ExplodeTriggerByFuze
g5 TR |



Weapon model architecture
I

Near air to air missile physical behavior

Y2 il ]
TargetLostBySeeker
InstructQpenSeeker / SeekerOn
— TargetFoundBySeeker : LathchNESmAAM
> BLbde® | 5 WLbsiE |
S5 k2 TargetFoundBySeeker
BhE B [after(BoostTime)] BEHE o
F 2] il 5 B
e do / MoveBySeeker |
K A% > )
TargetFoundBySeeker / ReportTargetCaptured
‘ 15 2 il B 2 HEF} :
do / MoveBylnstruction InstructTrackLost
[Speed<MinSpeged || Height <MinHeight]
[CanOpenFuze]/ FuzeOn [after(MAXHANDOVERTIME)]
SMETARE | ExplodeTriggerByFuze TargetLostBySeeker )
\ _J,v‘

/ SendDamageResult




Weapon model architecture
I

Ballistic gun physical behavior

[Already reported]
. ® [Out of bullet ]
[Not reported] / SendDamageResult =

OutOfBullet

ThereAreBullets
‘WaitingCommand [Yes] / SendDamageResult
Finished commanded Hit count == [Required
, bullets? count to damage target?
[Yes] / SendDamageResult(failed) e [No] g g
- Fjol
LaunchGun / ScheduleFire Attacking Bakeltl),
[No] / ScheduleFire” ~
~ | |discrete event
Change Targ%L (Vés]. — " TIgEEnEd
) o= ~
LaunChGun / SendDamageReSUIt BU"etF"'e’ iy ’d|screte event [
[Yes] / SendDamageResult [No] / ScheduleHit™ Sheduing
Target ouf of range?  Finished commanded bullets? J




Laser gun physical behavior

[CiCH#]
[¥7#] / SendDamageResult(failed)
. v ZELiA N
[ RRERAZ
A e h
’é@pﬁ%ﬁlfﬁ k [#41%] / SendDamageResult(success) .
LaunchLaserGun
‘?‘
LaunchLaserGun [TargetiD!=CurrentTargetlD] / SendDamageResult
| [ty l
FHREGE H i3
1R85
B 5 E Rl et
R, G — [#211%] / ScheduleBeam
st i s ?
=i Evaluate
M~ y L5 e -
0 T R ] / ScheduleBea Tk
=3
Ls PRSI B 3l [#7]/ ScheduleEvaluate
. ol | PG 75
/ SendDamageResult(failed) §?< ¥
/ i3
/ | [dB AR E or TargetDamaged] )
/
Z

CancelAllEvent

fEfE %SendDamageResultfPul




Wired torpedo physical behavior

LaunchWiredTorpedo
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 entry / OpenSonar
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A, \<appon model architecture

eapon model architecture

Homing torpedo physical behavior

[Yes] [

LaunchdomingTorpedo

Na]

R |

| BB

[after(Fili% A7 ELALR] )]

[Alt<=-10]
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entry / OpenPassive
exit/ ClosePassive
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3. Generic model architecture
Il

Countermeasure model architecture

tmSimModel IEntityDetected ()
tmSimEntity lJammer ()

T l —1 l l

ItnCOUnterMaasure I IJammerOfRadio C ) IJammerSim Q IJammerOfSound C )

i 7 i /""
N\ Vg Iy /r\/
/ e - o _a ] v |
tmFlare | tmChaff | tmRadarDecoy | tmECM | [tmSonarJammer | [tmAirBubbleCurtain | |tmSonarDecoy |
' = v e T 2 >
47 il N Sl I o d

IEntityDetectedByIR ()| |IEntityDetectedByRadar ()| [lJammableByRadio ()| |lJammableBySound ()| |[EntityDetectedBySonar ()|




3. Generic model architecture
I

Group model architecture

zModel=
tmSimModel | |«interfaces ( )k
ll'-\ IDataLink
«Mod;: P mclnfel:facezl O L.;l.\nogelz- pad T ol
tmAeroObject | ecisionable R imEntity | 7 IFireControlSvstem
-Leader |0..1 -z T‘ 4
2 , / T
Biataces Ol «Model= o eInterfaces f:l’q_ . «Models
lAirToken 3 tmGroup Feader IGroupHNode ] L(:iPla;f:rm
01 7~ -Leader |0..
X i |
. I «Interfaces ()|
«Models «Models - — — T — —>IDefenseToken
tmAirGroup tmbDefenseGroup
i : T
cInterfaces () zinterfaces O eInterface»> ()
1AirGroupLink IDefenseGrouplLink linterceptNode
é; il - 1]
. | |
‘l'l’)“a‘::f":‘e: O «Models «Models
tmWarship tm GroundObject




Group model architecture

Sequential diagram-based defense group
collaborative behavior

- With Active With Semi active
| Fire control node
Guard Node [ﬁ Seeker Seeker
T ! T ‘ : T
: IGroupNode O | : tmDefenseGroup : IGroupNode O | : linterceptNode O | | : tmEngageMissile | | : tmEngageMissile
* | 2 I ' I ' S “ 5 |5 * |
| 1: OnTargetFoundByGuard() | | | | |
2: Guide() ! ' I [
i Select intercept base ! ' '
3: OnTargetFoundByFire( 2
9 AreD based on this | | |
= | | |
loop J 4: GetTimeTolntercept() 4 ] | |
[multiple intercepts till succegs |or infeasible] L
S: ComputeFireControlQuanlity() | | |
- - - = 6: AssignTarget() I |
Select fire radar | |
based on this 7: ReguestFireChannel() | |
| ait ] 8: LaunchEngageMissile T T
[SeekerKind == |Attive] |
|
10: OnTargetCapturedByActiveSeeker() S: ReportTargetCaptured() |
11: R it l
12: OnD%mageResutt() - DamageResu |
1 - |
Z
|
i e T T T T T If damaged. exit loop|- — — — — — | et e e e ) Rt e e B ) et
[SeekerKind == Semi] ) 13: LaunchEngageMissile |
| N
N |
| \ .
: 15: OnDamageResult() 1% DamélgeResun
1
’ :
| | L
| | |
|| | | |
| | |
| | |



Group model architecture
I

Air group collaborative guiding behavior

2 i) b F 2 AR T . dnftay
7, AT T Y R ) R

/L 4. RequestFireChannel()

w Ll 9

|

HHl _ aModels A, A R SRR - tmAIrGroup I
: tmAeroObject - — | :tmAeroObject
aModel= 1. Create ' |
: tmAirToAirMissile [~ — — — — | !
1 2. RequestSTTGuide(TargetlD, WeapaniD) | it Radiocmd |
- = ) |
|
| LAST TR0 3R Jy ﬂﬂgadmeq“"’% |
| 3 STTGuiﬂeF&eq(TgrrgetlD,WeaponlDLI
| i
S i 5 RadioRepart
| iiiZRadioReply & GuideReply . _ _ _ 2 TadioRE port |; }
f 7: Launch 4 — | {5 7E - Mo R Th
|
8. ReleaseFireChannel()
|
10: DamageResult T I
|
11: OnDamageResult() .
[l |



3. Generic model architecture
|

SMP based structural model architecture
representation

- Represented using simulation model definition
language (SMDL) of SMP standard
- Generated from the UML representation partly

shown in previous slides by way of the UML
profile for SMP.




=4 “<catalogue? Catalogue CESS

S 4 Namespace BaseModel SMP based structural model architecture representation

Interface ThirFireControlSystem I}
Interface ThirFireRadar =4 FWamespace EventType
Tnterface TArbitrator +- 4 Ewent Type AirFCRadarControl

Interface TCOF Event Type CloseJammer

Interface IlataRecorder

Event Type DamageResult
Event Type Explodelrigger
Event Type FireBallisticGun
Event Type Firelasertun

Interface Ileciczionable
Interface IEntityletected
Interface IEntityletectedBwIR

=l 4 Wamespace Flatform

K Event Type FuzeDff +- 4 Interface IAirbaze
Interface IEntTtyDetectedByRadar Event Type Fuzeln S Model tmElat form
Interface IEntTtyDetectedByRadarIR Event Type Landhero S 4 Hamespace AirObject
Interface IEntityletectedBrSonar Event Type LandHelo §- 4 Model tmheroObject
Interface IEntityManager Event Type Launchhero £ 4 Model tmAirObject
Interface IEntitySim Event Type LaunchibirBubbleCurtain .
Tnterf TEnwi ' ) T +- <> Model tmHeloObject
nierrace D11 OIum 2 Event Type LaunchhirToSurfaceMizsile

+e Model tmUAY

Interface ITFireControlSensor Event Type LaunchBomb

Interface IFireControlSystem Event Type LaunchChaff =l 4 Hamespace Groundldbject

Interface ITnstructReceiwver Event Type LaunchDepthCharge +- <= Model tmiirDlefenseBase
Interface IJammable Event Type LaunchECH +- < Model tmhirfield
Interface IJammableBxRadia Event Type LaunchFarisM +4= Model tmGrounddbject
Interface ITJammableBxSound Event Type LaunchFlare +- <= Model tmW¥Wehicle

Tnter face ITammer Event Type LaunchFenericCruiseMissile =4 Hamespace Spacelbject
Interface IJammerOfRadia Event Type LaunchHelo +- = Model tmSatellite

Interface IJTammerOfSound Event Type LaunchHomingTorpedo

Interface IJammerSim

+ 4= Model tmSpacelbject

E t T L hMi .
vent Sype hammshiine = ¢ Hamespace Sub0bject

Interface IModelManagzer Event Type LaunchMiz=zileTorpede

Tnterface THWEIS Event Type LaunchNearAAl +- <+ Madel tmConwentionalSubmarine

Event T L LRadarD + = Model tmFuclearSubmarine
Interface IFrototypeManager vent l¥pe Launchhadarfecoy S % Model tmSub )

ode mSubmarine
Interface ISchedulable Event Type LaunchSEN o Model tmEubibs et
T
Interface ISchedul eManager Event :ﬂ'e iaumcxonar]]ecoy Hndel Mo 1 Jac
Interface IScriptRunmer vent Type LaunchSonarJammer #l- o Model tmlMY .
Interface ISensorManager Event Type LaunchSoncbuoy o =l 4 Wamespace Surfacelbject
Tnterface TSimModel Even: ;}'pe iauncl;?;faceToA1rH1 szile e Model tmCarrier
L=k e AUTLZ

Interface ITrackManager ¥P #l- = Modal tmSonobuoy
: ) : Event Type LaunchUAY .
iInterface IWeaponLockSubseriber ! A <= Model tm3urfacelbject

Event Type LaunchiNIY .
Madel tmWESS +- < Madel tmWarship

Event Type LaunchfWiredTorpedo
Event Type LockedByRadar
Event Type MissilelLaunchedWarning

Madel tmS1de

Model tmSimEntits
Madel tmZimModel
Hamespace CommonDataType
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Event Type OpenJammer
Event Type RadioCmd

Hamespace CounterMeasure Event Type RadioReply

Hamespace Group
Hamespace Gun

Hamespace Interaction

Event Type RadioReport
Event Type RadicRequest
Event Type ReleaszeByRadar
Hamespace Flatform Event Type Sensor0ff

Hamespace Sensor Event Type SensorOn
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= 4 Namespace Sensor - -
4 Model taSenmer SMP based structural model architecture representation
= 4 Wamespace Fuze i R N
- <= Model tmContactFuze

<= Model tmFuze
< Model tmSenszeFure
< Model tmTimeFuze
=< Hamespace Optical
+- <> Model tmInfrafed =4 Famespace Weapon —|- 4 Wamespace CounterMeasure
#- 4 Model tnTRST : f:;:;zf;‘;;oﬂm“ﬁ°“t”153’5“"’“ % 4 Model tmAirBubbleCurtain
- < Model tmLaser ¥ 4 Model tmDepthChargze +- <= Model tmChaff
+- %= Model tmLaserIlluminater 4 Model tmMine + <+ Model tmCounterMessure
- <+ Model tmOptical H- 4= Model tmfeapon +- <= Model tmECHM
4= Model tmSeekerIR #- <> Model tmWeapontithSeeker +-- = Model tmFlare
+- 4= Model tmSemifctivelLaserSeeker =4 Hamespace Missile +-- = Model tmEadarDecoy
- <= Model tm¥isual a4 Model thiSSilé S +-- < Model tmSonarlecay
. = 4 Hamespace BallisticMiszsile
4 <> Model tmWarninglR S % Model tmEallisticMissile +- == Model tmSonarJammer
=l Hamespace Radar H 4 Model tmSEM —|- ¢ Wamespace Group
+- < Model tmBadar + < Model tmTEM +- 4 Interface ThirGraonpLinle
= '¢- Hamespace ActiveRadar = < Hamespace CruizeMizsile + -:¢:- Interfacre IThirTalen
#- 4> Model tmActiwveRadar # o Model tmCruiseMissile + 4 Interface IDatalinlk
H e Model tmhctiveRadarseeler - <> Model tmiFenericCruiseMissile T _E:,_ Interface IDefenseGrouplink
44 Model tmAirFireRadar = % Hamespace Engagellissils +- 4 Interface IDefenszeTolken
<+ Model tmAirTohirMizsile
+- 4+ Model tmFireControlRadar i Model tmiirToSurFaceMizzile 44+ Interface IGroupHode
4= Model tmSurfaceFireRadar #- ¢ Model tmEngageMisszile +- 4 Interface ITnterceptHode
4 4+ Model tmSurweillanceRadar H- 4 Model tmFarAdM +-- = Model tmAirGroup
=4 Wamespace FazssiveRadar # % Model tmBearAdh +- = Model tmDefenseGronp
¥ Model tmESM H < Model tmSurfaceTohirMizsile + -4 Model tmiroup
+- = Model tmPassziweRadar =4 Hamespace T-:-rpn.ad-:- = 4% Hamespace Gun
4 < Model tmPas=iweRadarSesker % Hodel th?mu.-lgTorPEdo +- <= Model tmBallisticEun
+- < Model tmMissileTorpedo
+- <> Model tmSemibhectiveRadarSeelrer T 4 Model tmTorpeds +- <= Model tmGun
=l 4 Wamespace Sonar #-< Model tmireGuidedTorpedo 4 <= Model tmLaserGun
<> Model tmhctivelonar
+- < Model tmhctiveSonarSeeker
- Model tmhctiveTraclkSonar
- < Model tmFassiwveSonar
- < Model tmPassiwveSonarSeelter
<+ Model tmPassivelrackSonar
- <= Model tmSonar
- <= Model tmSSM



3. Generic model architecture
Il

Cognitive modeling interface

- Base cognitive behavior metamodel (BCBM)

CrossEvent | |PlatformEvent | TargetEvent | L
' [tmPratform | tcPlatformTarget
EventPara iPhace
-ParaName : String L <= +TacticAction
+BaseAction

-ParaValue : double 0 = “* InternalEvent

—— s +ActionPhase

I | I

i i i Scripts

ScriptEvent Ti «Script» «Script» « _

1 e PlatformTask | |MainTask | 0.* |TargetTactic |
-Name : String {g_+

<> * R |~ ] !
2 = L l I
ExternalEvent ‘!7 0.*
: «Scripts

_ [|3 ' Task 0+ |MemoryVariable |

| | |
SimulationEvent || GuardEvent TimerEvent l l

-SimClock : double 4 |-TimerValue : float «Scripts «Scripts
' ' GuardTask EventTask
-ReturnValue : bool ,[.

”

-GuardFunc

-EventHandle




165 API functions for cognitive
behavior modeling

= Parameters query(23)

s Mission & task query(12) = Sensor control(16)

= Situation analysis (16) = Group control(10)

- Platform maneuver(8) » Simulation control(5s)

= Aircraft close combat > State based modeling(8)
maneuver(13) » Task based modeling(4)

= Waypoint management(13) ° Event based modeling(11)
= Fire control(26)



4. a model component library
» One DLL for each concrete model within AMA

- Total 54

m}

O

]

O

]

14 weapon mode]
20 sensor models
7 countermeasur(
3 group models.

S

10 platform models

.

GU-I"

v HEHL » RS (E) » WESS » Test » SimModelsD

EFE SimModelsD

= - =

iR v BRFEFED v

a7 s
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L SEAEGE

a5 E
- (=1 Subversion
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> | SRR
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> SEEE
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> &, FIREE ()
, 54 TS
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= R FETE

mActiveRadarSeeker.dll
mActiveSonarSeeker.dl|
mhctiveTrackSonar.dll
mAeroCbject.dll
mAirBubbleCurtain.dll
mAirDefenseBase.dll
maAirfield.dll
mAirFireRadar.dll
mAirGroup.dll
mAirToSurfaceMissile.dll
mBallisticGun.dll
mBomb.dll

mCarrier.dll

mChaff.dll
mContactFuze.dll
mConventionalSubmarine.dll
mDefenseGroup.dll
mDepthCharge.dll
mECM.dIl

||t
||t
|G|t
||t
||t
&t
&t
||t
%t
||t
||t
||t
|G|t
||t
||t
&t
&t
||t
%t
2] tmESM.I

%/ tmFarAAM.dl

%/ tmFlare.dll

%] tmGenericCruiseMissile.dll
%/ tmHeloObject.dll

| tmHomingTorpedo.dll

[ tmIRST.dIl

%] tmLaserGun.dll

%] tmMline.dll

%] tmMlissileTorpedo.dil

%] tmNearAAM.dIl

%/ tmMNuclearSubmarine.dl|

2 tmOCEAN Il

%] tmPassiveRadarSeeker.dll

%] tmPassiveSonarSeeker.dll

| tmPassiveTrackSonar.dl|

%] tmSatellite.dll

%] tmSBM.dII

%] tmSeekerIR.dll

%] tmSemiActiveRadarSeeker.dll
||t

mSenseFuze.dll

&/ tmSide.dll

3| tmSonarDecoy.dll

%/ tmSonar)ammer.dll

3| tmSonobuoy.dll

i/ tmSSM.dIl

i/ tmSurfaceFireRadar.dll

3| tmSurfaceToAirMissile.dll
| tmSurveillancelR.dll

| tmSurveillanceRadar.dll
3| tmTimeFuze.dll

&) tmVisual.dll
tharningIR.dll

&) tmWarship.dll

&) tmWireGuidedTorpedo.dll

[ [& [&[e & & (& [& [& @ (& [ [& (&




5. a set of cognitive decision model
scripts

» One default script for each combat platform model
- Model-instance separation of cognitive behavior scrip
- Each script corresponds to a graphical conceptual mo

| ) « lest » SHconpis
G Jr/) « Tt » serm

iR v BEFIER v (= il FRECi=

7 | +s |'| FEE Scripts 0 |

# - [0 @

=il Subversion

ﬂ_‘:. System (C:)
ca Data (Dr)

L % | AnalysisPlot.py

#% | AnalysisPrint.py

% | cmPlatfarm.py

S e i #i/ defaulttemplate.dot #% | cmSatellite.py
BT w7/ template.dot # | cmSonobuaoy.py
m =E 7| templateformal.dot #% | emSubmarine.py
R N # | AeroObject.py # | cmUAV.py
R L e #% | AnalysisBase.py % | emUUV.py
#% | AnalysisCommon. pY % | cmVehicle.py
A E

% | emWarship.py

cmAeroObject. efaultdnalysis.
B A % | cmAeroObject.py % | DefaultAnalysis.py
= BR #% | cmAirDefenseBase.py # | HeloObject.py
3 ik # | cméAirfield.py # | StringlO.py
& % % | emCarrier.py % | tcPlatforminterface.py
# | cmHeloObject.py # | tcTargetinterface.py
e 0 #  cmManeuver.py % | tsLLA.py
) # | cmNuclearSubmarine.py %  tsTrack.py

% | tsWaypoint.py



5. a set of cognitive decision model scripts

Model-instance separation of cognitive
behavior scripts

- Instance specific scripts inherit from the default

cmAeroObject.py r cmPlatform.py / cmHeloObject.py = r Helolnew.py |

1 # —*- coding: cp936 —-*-
2 from cmPlatform import *
3
4 C_DippingSonarWorkingDepth = 30%the actual workign depth of dipping sc
5
& #statemachinﬂ
7 P_Flying = 1 #fly toc next waypolnt
8 P Hovering Releasing = 2 #hover and release dipping sonar
8 P_Hovering_ Wailting = 3 #hover and walt target found event
10 P Hovering Withdrawing = 4 #hover and withdraw dipping sonar
11
12 [Hclass cmHeloObject (cmPlatform) :
13| #entry point for initialization
14 [ def InitDecisicon{self,PI}:
15 PI.SubscribeEvent ("WaypointEeached", "WaypointReachedHandler™)
16 PI.SubscribeEvent ("TargetFound™, "TargetFoundHandler™)
17 PI . AircraftTakeoff () J 3 3 ;
1g PI.Phase = P Flying cmAeraObject.py rcmPIatform.py rr:mHeIcrtC}bjecfc.mr / Helolnew.py *
42 ) . i o 1 % -*- coding: cp%36 -*-
20 f#entry point for decision P : et
21 - def StepDecision{self,PI): j trom CmHElOObJECt lmport
! - - 3
4[Hclass Helolnew (cmHeloObject) :
5[ def InitDecisicn(sell,PI):
3 PI.SubscribeEvent ("WaypointReached", "WaypointReachedHandler")
7 PI.SubscribeEvent ("TargetFound", "TargetFoundHandler™)
8 PI.Phase = P_Flying
9
10 [Hdef InitDecision(PlatformInfo):

11 L Helolnew (PlatformInfo.Name) .InitDecision (PlatformInfo)



5. a set of cognitive decision model scripts

Each script corresponds to a graphical
conceptual model - default aero object

H WaypointFly | MissileWarningByRadar [Distance<20% ]
.
N AvoidMissile
e MissileWarningByESM
’AI;HM [NotTargetAssigned]
Target]_ost- . )
TargetFound [NQtAssignTarget] / ChangeTarget LastwaypointReached . OnDamaged
0
FightFly OnDamaged %X MissileWarningOven,issiiel aunchHint [LaunchAAMed|]

distance>CACRange

(7] >
S (ﬂ\a T—— “ |sLockedByRadar?
1 B

[distance<CACRange] [#2]

* | BVRFight |
NN
7? — LockByRadarOver 5
| CACFight J L BreakLock

z |
[HiEance>0ntRaNge] LockByRadar [Phase!=MissileGuide
WeaponFailgd [OngoingWeaponCount==0] l

MissileGuide | MissileLaunchHint [LaunchFarAAMed]

[#] |
GetCapturedCount>0 IGuideOver

IsLockedByRadar

v

DragAway |

AL Rand$ % 2 [X]

\ i

Miss[leLaunchHint [LaunchNearAAMed] RTB

[FEFER]




conceptual model of an instance aero
object by reuse of the default

MissileWarningByRadar

MissilewarningByESM .
3 B A RS
e ‘ e T
i B E .
5 A FE S TargetFound Y

\
!
%

EvasionEvent / RequestESMGuide

S [#] / TerminateSim 2
- 9 ®
— :
( Evasi i R HLESM
| RESRt. S, MEELERIF
‘entwalyToWaypmnt Hl. BEFEHL. [#] { SeheduleF arcel aunchAsMEvent

[ ScheduleBEvagsionEvent

WaypointReached LockByRadar

*

f Phase=BvREFight

WeapJ::nSuccest WEEpDTFaned

FarceLaunchAAMEvent / LaunchAAM
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