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Objectives

Provide simulation data to support adjudication in
the Swedish Armed Forces defence planning
wargaming activities

Re-use models and simulations of relevant systems

Adapt models and provide simulation support for
the focus areas defined by the Swedish Armed
Forces

Current focus area: Air-to-Air (BVR) scenario
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Overview Air-to-Air focus area

Acquire and process simulation data to improve
adjudication of air defence scenarios

Starting with simple scenarios
e Air-to-Air (BVR)
 Small units, typically one to four aircraft

258y

Cooperation with FOI, the Swedish Defence Research
Agency
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e LAMES

FLAMES, by Ternion Corporation, Huntsville, Alabama, USA
Provides for example

Central Simulation Framework

e Setup, control and execution of scenarios
* Visualization in map view and perspective view
* Datalogging

e Comes with “Bundled models”, full source code for
Microsoft Visual Studio 2010, 2013 and 2017
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Simulation System Overview

Some models and general FLAMES

Scenario controller
housekeeping in FLAMES Weapan Syt
Interfaces

(blue area) Sensors

Terrain model
Atmosphere

ognition~._ Airspaces
model Effects

Re-used models, often more sevice 7 Tming
advanced, run externally interface

Data logging
MCGF Cognition model A
simulations

External
(Currently not
used)

Missile model
service

interface
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Models

High model fidelity

e Aircraft
* Pilots
e Missiles

Low model fidelity

* Sensors
 Countermeasures/EW
* Physical environment
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Aircraft Models

 Based on FLAMES “bundled model” fixed wing aircraft

* Aerodynamics and engine data from FMV Technical
Intelligence Department (FMV TeknUnd) Turn performance
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Example diagrams from open F-16 model
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Aircraft Models, "how to”

 Aerodynamics and engine data converted to
AER format as published by Saab

e FLAMES 3DoF “Bundled Model” modified to
use data tables

e Other changes to “Bundled Model”

Fuel consumption
External stores

Stall

Attitude angles

Large heading changes
Time constants

Limits

AER table
example

CDICL2
CDi/CL"2 sfa Mach och CL:
140317

2

CL

MACH

0O 0 O

0O 070

0.1 0 01
0.1 0.7 0.15
0.1 1. 0.16
0.1 2.0 0.18
0.2 0 0.15
0.2 0.7 0.18
0.2 1. 0.19
0.2 2.0 0.12
0.5 0 0.15
0.5 0.7 0.18
0.5 1.0 0.10
0.5 1.5 0.09
1.0 0 0.12
1.0 0.7 0.15
1.0 1.0 0.16
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Pilot Models

Pilot behaviour MCGF by FOI

FMV/FOI component based architecture Merlin

Developed in collaboration with active
fighter pilots

Behaviour trees defined in XML
“Leaves” defined in C++
Integrated with FLAMES by FOI
Driven by service in FLAMES
Approximately 3 Hz update rate

Controls aircraft and weapon system
via FLAMES commands and queries

/

Strid (5)

Extract from
behaviour tree

/ \ / description

Avfyrnings-sekvens

(6)

Bryt
stridskontakt
(10)

Ta
stridskontakt
(11)

N

Férbereda
eld (7)

Avfyrning
8

Gimbla (9)

:!11

G FOI
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Simulation of
single shot,
generic missile

Missile Models, "Refbib” /

ROBOTTYP : RB 2000 T IFFA/
[ ] [ ] 19 -0
* Successfully integrated in greeunm g i
[ JAKTHOJD 6.00 km | MALHOJD 6.00 km
1 1 I t' 1 th 1990 JAKTLASTFAKTOR 16 %EEQETTPAKTOR 0:0°
various simuiations since tne S ||miemoans g0 o |upusmoadi g0
MOD:LASTF BORV: 1.0 MOTOR:0.0 | AUTOMATSTYRT MALFPL
R Is‘AFR'?{\ﬁr;n?(Em;s\gzﬁgH 570126 m; MALVINKEL 150.0 gr |
 Updated data f FMV, FOI ;
pdated using data Trom ) EOLNINGEQRAD 060 % T ite  ngen angats
B o R BRI R NS

and industry o

klplr [ [T

* Models defined entirely in FORTRAN, | -+ =

B O e o e = 8

in Linux environment Forpon s |

* FORTRAN “wrapper”, called from C EEEE]
in FLAMES to input and extract data | | BEEN
to/from missile simulation | =TT o separaton

* Driven by service in FLAMES B . —

50 Hz update rate




Scenario Controller

Dataset Unit Edit

I — Command Configured in FLAMES
Héa B a8 B o4 BRS F =

Unit: |Scenario Controller

” . 14 H
Units” window
TTEC15Escort Commands Composition Seript

HESE) Commands: 4+ K B2 1+ | ¥
Loaded Units: Time Name Ipfuts
Scenario Contraller LOCATE LOC=0,0 A
START 0 after scenario start

LOG_MODEL_PROCESSING OUT=1/PRI=FCognition

.
SETUP_MCGF_FORMATION FOR =&"BlueUnitSize"fFOR =BlueFighters/FOR =MCGF Generic U S I n g CO l I l l I l a n d S to Set
SETUP_MCGF_FORMATIOM

FOR =&"RedUnitSize"/FOR =RedFighters [FOR =MCGF Generic ..
SETUP_MCGF_FORMATION

FOR =&"RedUnitSize"/FOR =RedBombers/FOR=MCGF Generic ...
REST_BEFORE_MEXT_LINE REA=4.0

———_ up formations, give

Command Description:

L]
Set up a number of MCGF air platforms in a formation as spedified in an experiment file with the scenario variables that ~ t h e I I I t h e I r t a S kS a n d
correspond to the inputs specified here. In the process method you should calculate the first waypaint as the result of a
straight and level flight for about twenty seconds.

v

» == | launch them
Name Value uom

FORMATION_SIZE &BlueUnitSize™ ”~

FORMATION_NAME BlueFighters

|[FORMATION_PLANE ]
FORMATION_BEHAVIOR
FORMATION_LEADER _COORDINATE
FORMATION_LEADER _ALTITUDE
FORMATION_LEADER _KPH
FORMATION_LEADER _HEADING_DEG
BOX_SPACING

MCGF Generic Blue (Generic Missile RE Super Ra...
MCGF Generic Blue Fighter (Behaviar)
&'Bluel eaderStart at”, &"Bluel eaderStart on” DEGREES

&BlueAltitudeMeters™ METERS
FORMATION COGNITIOM LEVEL

- Inputs utilize "Scenario
sy INPULS 0 Variables” than can be

command .
set in a number of ways

Close
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Typical FLAMES Views

Scenaric  Units  Parameters  View Tools Settings  Help
= =& < > |Terrain 'PHS@I-'G:E
5573 L N
LY
2k ¥
View FromUnit To Unit
= / _7' ,Z z & | 2| From Unit Scenario Controlle To Unit | RedFighters-0 ¥
o %AP:PBT:Enmut
APFPBT:Enropte to CAP-p
e — — —_ — = % EAPFPBT:EH .
- — e e ——
———— & APFPET Bnroute to 4
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Generic scenario ”"ITEC19RedEscort”

Scenaric | Units  Parameters  Wiew Tools  Settings  Help
[ral
[ ]

= EH = H o m o= < > | Terrain - .‘HDJ_"]I-_ v
PR A d i W
; : Lomiealed |17
" ¥ Brwte o Riigparr S =y
; otk doPFmasyy TEEQ .
iy =
. a5 o
e ) *
"a |- Eg=l
hy, .: el ";!
S .
57.99
!
_'l
57.549 e
-+
4
wl
ute to CAP-point
P "Entoot to CAP-poiht
sGfPFPET: fargyte to GiP-ppint |5 o £.09

WE HELP DEFEND SWEDEN ‘ FMV §




Generic scenario ”"ITEC19RedEscort”

<> FORGE - ITEC19RedEscort.fsc = =
Scenaric Units  Parameters  Wiew Tools  Settings  Help
= EH = H o m o= < > | Terrain '.‘HDJ_"],%FE

5795

" B R T M ik, s Fhédisa. .

BT:Too higH rislk. Disengage in 605,
o7 .78 PR T Ton high risk, Disegoane in A5
img unit Mo 2 |,
7R3 . T+ Eafarding
CCE:Fallfwing untt =
7
of
ESCPET:DEfEKding.
57 .45 A
b3
n CCH:Following upit Mo & ..
EF .5 "
CCS:Following unit Mo 7 . =
L i :
L7003 %Q:Fn!!nlﬁing I =N P
12.75 13.03 13.31 13.59 13.587 .15,/ CCpafgdowing Yaithio & . by o9 15.27 15.55 15.53 16.11
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Generic scenario ”"ITEC19RedEscort”

Scenaric Units  Parameters  Wiew Tools  Settings  Help

]

= <

> Terrain

scortedh

Enroute to H

AT

BT:Enroute

rimary Targ

ko Primnary T
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Generic scenario ”"ITEC19RedEscort”

Scenaric Units  Parameters  Wiew Tools  Settings  Help

= ]l L > Terrain

B
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Networking with DIS

Implemented PDUs

Scenaric Units  Parameters  Yiew Tools

(source code available): AT o § e
'_[:*| E E :::':: L [ o =4

Scenano  Units  Parameters  Niew JTools

Entity State

Detonation

Fire

Start/Resume

Stop/Freeze

Acknowledge

. [a
57.339998 9.516254 9.575390

d‘ 5,
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Networking with DIS

Encoding, indentifier to enumeration

Dataset Entity Edit

LOARO O H LB o &

Current Dataset
DIS Platform Encoders

FLAMES 16.0 Examples

Loaded Attributes:

DISPE_HMMWY-5C
DISPE_M1A1
DISPE_M242
DISPE_M35
DISPE_M&30A1
DISPE_ME&0
DISPE_M995
DISPE_MIM-104
DISPE_MEK-82
DISPE_Mi-24

[DISPE_MiG-29

DISPE_Military Truck
DISPE_Patriot Launcher
DISPE_SA-10 Grumble
DISPE_SA-15
DISPE_SM-2
DISPE_S55-21
DISPE_T-72EM

DISPE TU-22M

Kind:

Damain:
Country:
Category:
Subcategory:
Spedfic:

Extra:

ES PDU Update:
Rate:

DR Algorithm;

Thresholds: X

Mame: [SPE_MiG-29 | Class: FDISPlatEncoder ~

i}

DEFALLT -

FRW

10.00

10.00

10.00

Remowve

Decoding, enumeration to identifier

Dataset Entity Edit

Current Dataset Mame: |DIS_1_2 222 1 2 3.0 Class: |FQPDISPlatform ~
DIS Platforms Identifier: |MiG-29

FLAMES 15.0 Examples Signatures:

Team: Red Team ... | |AIr RCS
Loaded Flatforms:
DIS_1_1 225 6_1_1.0 2D Icon: | MiG-29 {20)
DIS_1.1.225 7 1.1.0
DIS_1 1 225 7 500 30 Icon: |MiG-29
DIs 122221230
DIS_1 2 222 20 2.40
DIS_1.2 222 3 3.3

mre 4 mommE 4 e
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Simulation & Evaluation, FOl Work

* Experiment files, batch simulations
 “Randomness” created by shifting start positions
e Data recording in .csv files

2D BI& Histogram fér blocken Line colour:

/ Sim params

* Data processing in Excel, MATLAB
and/or PostgreSQL Hit

Losses

Probability

Lofted missile #a’i%t
trajectory WE HELP DEFEND SWEDEN ‘ FMV t;g;t



Data Processing in PostgreSQL

GUIl in Java/Netbeans to run PostGreSQL queries, for example:
 Who detected who first?

* Who launched first?

 How many missiles were fired? Hit/missed?

 How many aircraft were destroyed on each side?

Extra, ground attack evaluation using PostGIS:
 How many air to ground munitions were launched?
* How much of the ground target was destroyed?
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Current state and what to do next

Available now:

* Aset of tools that can “easily” be extended to handle
new models and scenarios

e A set of models
e Evaluation tools

Next:
* Refine extraction and presentation of simulation results
* Improve model fidelity
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Lessons learned

 Modelling and simulation is excellent for improving
understanding of dynamic situations

 Don’t code everything yourself, always look at the
alternatives

e Re-use, old code works
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