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MBDA - Product Portfolio

Ground Based Air Dominance Battlefield. Maritime Superiority Components
Air Defence Engagement
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- Introduction - History

20 years ago | gave my first Tcl presentation at the 3 EuroTcl in Munich

2002: New image formats for the Img extension 2008: First version of EMIT

Img Inside & Out

Paul Obermeier

obermeier@poSoft.de
paul.obermeier@lfk.cads.net

EMIT - Extensible Multispectral Image Generation Toolset

Using Tcl/Tk for simulation and visualization

Third European Tcl/Tk User Meeting.
Munich, June 2002 Dipl.-Inf. Paul Obermeier

Software Architect for Simulation and 3D Computer Graphics

MBDA Germany
R European Tcl/Tk User Meeting 2008, Strassbourg
3 SLFKLenkughomersysteme GroH The reproduction, diskibalion and ulization of s a5 the communication of s contents fo oers without exgiel Lol oo
£ authorsason is prohibited. Offenders will be held iable for the payment of damages. Al fights reserved in the event of the grant of a patent, usiity model of design
|
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EMIT Overview — Infrared Physics

X-Rays
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Reflection

The emission of IR radiation of solids is described by Planck’s law
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Spektrale spezifische Ausstrahlung [W/(m? pm)]

Infrared: Spectral waveband adjacent to the visible waveband

Plancksches Strahlungsspektrum

10
10 ——ry —

Spektrale Strahldichte [W/(m? pm sr)]

Wellenldnge [pum]
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o~ EMIT Overview — Infrared Physics
i

Visibility in the infrared spectrum is different from what we are used seeing with our eyes
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- ) EMIT Overview — Use Cases

The Extensible Multispectral Image Generation Toolset (EMIT) is a modular software library developed at
MBDA Germany for the generation of physics-based infrared images in realtime.

It is able to render infrared images in full 32-bit floating point precision using state-of-the-art computer graphics
cards and advanced shader programs.

The core modules of the EMIT rendering engine are written in C++ and GLSL, but EMIT also makes heavy use
of Tcl/Tk (including several extension packages) for development, maintenance and usage purposes.

Software-in-the-Loop Hardware-in-the-Loop Image Processing Machine Learning
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e EMIT Use Case - Software-in-the-Loop Simulation

Verification simulation. PELOEE ST =

Positor: 98 -4 Lee 229255 219 mighe [T 146 211 255

C:ftemp/Reflections/img 0100w » /. Ctemp/Refiections/img 50800.aw » /|

. Geotypic databases for development of image processing.
Thread Enabled

* Thread for image generation

* Thread for terrain height queries at high rates
* Generation of seeker images with EMIT

Left image information

* Reflections and soft shadows i
* Rolling-shutter investigations I — I —

Scame Cm Scamey Al ghantamiihage OVOS/AY.Scamarios Vibt0 Adpest o Wbt
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e EMIT Use Case - Hardware-in-the-Loop Simulation

. Accredidated verification simulation
. Geospecific databases for flight campaigns
o 5-axis motion table

o SBIR Mirage Infrared Projector

° EMIT Infrared Image Generation
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N
< EMIT Overview — Workflow

Workflow for IR image generation needs some additional modeling steps

Modeling

Trian3D, Remo3D » eometry Data
Atmosphere odTra Atmospheric Data

Functionality

Temperature ermos, TaiThe ermal Data fance
P v S
— cloud radiance el ool
Texture Classification EMIT-TC > Attributed Data fo| i s S
I s Heat
L "8
~ = | . Balance
Scene Edition e 3 ¢ e
Scene Edition EMIT-SE ene Data S+R,+R +R,~W ~H -G~V +A0+0, =0
Image Generation !l Material

Sensor Modelling EMIT-IG :
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/) EMIT Overview — Architecture
F

EMIT uses OpenSceneGraph and adds functionality for infrared specific calculations

SWIG
Automatic generation
of scripting interfaces

/
Open Interfaces V Legacy Interfaces

DIS/HLA capabale EMIT EMIT EMIT application,

application, Simulation  |#|» EMIT-Core -+ Programming o ex. Missile

ex. DisSim Interface (ESI) Interface (EPI) Simulation

CIGI capabale EMIT . —
- EMIT Direct EMIT application
application, [« cial “ OpenSceneGraph Tl Interface €D [€7] ex SconeEditor

ex. FlightSim Interface (ECI) '
Y .
CDB 0SG
Linux (Native or Container)
Windows
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/) EMIT and Tcl/Tk — SWIG based Tcl wrapper of EPI

i
EPI offers a network-transparent interface in C, C++, Python and Tcl for

application programming and connection to other simulation tools such as
Matlab / Simulink, Labview or TensorFlow.

[

e T e
SERS 3 BERR(SSA THa 74

EPI-Python Machine Learning
EPI-Tcl Tests, Prototypes
EPI-C Fortran, LabView -
EPI-C++ SIL, HIL, SimuLink -
EMIT Programming Interface (EPI)
EMIT-Core
OpenSceneGraph
OpenGL / GLSL
v v v =
CPU GPU
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- EMIT and Tcl/Tk — SWIG based Tcl wrapper of EDI
.

EDI is the interface used for script-based generation of scenes, realizing the graphical user interface
EMIT-SceneEditor and tight integration into other applications.
Available in C++ and Tcl.

1% BatchPseudolR tcl (C:AEmit\Scenes\PY-EMIT-SE) - GYIM
Datei Editieren Werkzeuge Syntax Puffer Ansicht Hilfe
=) ale @ BHR&(ASA TAQ ? 0

package require tclenit -
package require tcledi

# Enable verbose messages.
Edi VerboseHode true

# Define the name of the scene to generate and the wavelength it is used for.
Edi MewScene “TestScenePseudoIRBatch.osgt™ 3 5

Edi SetSkyTemperature —38 10

,

# Add a scenery (terrain) file.
Edi Addscenery “terrain/master.flt"

# Set date and time. N

Edi SetDateandTime “2816-84-20" “12:80:60" "-16:66" SkyRadiance | Atmosphere Scenery Players

# Set the temperature range of the scenery in Celsius for Pseudo-IR.

Edi SetTemperatureRange 10 20 ) W Vv N

# Add player with EntityID 1 using explicit waypoint definitions. = | Sky || Clouds | # || #2 ] | ParticleSystemUpdater | |

set ply1Ib 1

Edi AddStaticPlayer “Players/UBL.osgt™ $ply1lD

Edi AddPlayerwayPoint $plyi1ID 0.000000 1482.776000 -533.728000 137.000000

Edi AddPlayerWayPoint $ply1ID 2.000008 1516.5560068 -520.156000 137.008000 -
Edi AddPlayerWayPoint $ply1ID 4. 000088 1515 686000 -530.172000 137 600000

# Set the temperature range of the player in Celsius for Pseudo-IR.

| ParticleSystem #1 | Particl #2

Edi SetPlayerTemperature $ply1ID 26 38
# Add player with EntityID 2 using a waypeint import File. -
set ply2Id 2 | I
Edi AddStaticPlayer “Players/UBL.osgt™ $ply2ID
Edi AddPlayerWayPointFile  $ply2ID “WayPoints/Runway-t81-t14.up™
Edi SetPlayerAnimationTypes $ply2ID “CubicSpline™ | # || o | | Effect #1 | | Effect #2 |
# Set the temperature range of the player in Celsius For Pseudo-IR.
Edi SetPlayerTemperature $plyzID 30 58
# Write out scene file. | Emitter #1 || Emitter #2 || Program |
Edi WriteScene -
30,0-1 Alles
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Side note — My private Tcl/Tk projects

Tcl extensions to make life at work easier

Img Additional formats parsers (SUN, SGI, RAW) e —
DTED Digital Terrain Elevation Data
GIF Graphics Interchange Format

Joint Picture Experts Group Format
Paintbrush Format

Tcl wrapper for OpenGL and OpenSceneGraph =<

PIXMAP | Pixmap Image Type
PNG Portable Network Graphics
PPM Portable Pixmap Format
. . PS Postscript and PDF
CAWT COM Automation With Tcl RAW | Raw Binay Data
ilicon Graphics Format
SUN Sun Raster Format
TGA Targa Format
TIFF Tagged Interchange File Format
1 1 1 WINDOW | Tk window as photo image
BAWT Build Automation With Tcl BT X Bimap Fornat
XPM X Pixmap Format

Page 15

- C/pasaft/Bawt/SetupfAllibe bawt = x
[ CAWT — Overview of packages Lk L =
e
e [updmecne g ]~
CawtExplorer proief e o el F——
[
MS Internet Explorer 00 T3 Recs ity on G
Er s P ——
CawtExcel CawtOutlook CawtOneNote CawtEarth —
Microsoft Excel Microsoft Outiook Microsoft OneNote Google Earth e
e
Bt bt Do
CawtPpt CawtWord CawtOcr CawtMatlab e
Microsoft PowerPoint Microsoft Word MS Document Imaging MathWorks Matlab e~ 9
Lo et A 0154 o, Sl
CawtOffice CawtSapi CawtReader T i
Basic Office Automation Microsoft SpeechAP| Adobe Acrobat Reader
smaomeaaor |
Tisvevamr || CawtCore
Basic Autoration
Twapi
Tel Windows API extension
Punnng on L 2 163 3¢ et w3 Geart 6090 GTSPCVSSES O30 30 1 TTVES %)
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https://sourceforge.net/projects/tkimg/
http://www.tcl3d.org/
http://www.cawt.tcl3d.org/
http://www.bawt.tcl3d.org/

ﬂ

BAWT based daily builds

Operating system _ !
Windows Linux

Win 7 Win 10 SUSE 13 SUSE 42
Compiler ——
VS 2008 VS 2013 VS 2019
Platform 32-bit 32-bit 64-bit 64-bit 64-bit
L|brary 0OSG 3.0 OSG 34 OSG 3.4 0OSG 3.0 OSG 34
\ 4 A 2 Y
Project A Project B m PrOJect D PrOJect C
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/) EMIT and Tcl/Tk - BAWT based daily builds
-

EMIT depends on a large number of third party libraries.

All libraries are compiled with BAWT under Windows and Linux.

Tools: Base Libraries: Simulation/Graphics Libraries:
v CMake v zlib v" GeographicLib
v SWIG v giflib v KDIS
v Doxygen v" libjpeg v" Freeglut
v" libpng v Figl
v" InnoSetup o
v libtiff v Glew
. . v" Freetype v" OpenSceneGraph
Tcl/Tk environment: v libress| v WxWidgets
V' Tcl/Tk (+ appr. 20 Tcl Packages) v curl
v' Boost
v' Eigen
v Fftw
v’ Xerces
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_— EMIT and Tcl/Tk — BAWT based daily builds

Continous Development and Integration

*  An automated infrastructure for
creating, testing and delivering the
various EMIT product versions,

e |

including documentation and test emitBuilds.bat emitBuilds.sh
protocols. . Checkout sources Checkout sources
- Daily Build computer for Windows and . Build 3rd Party libs Build 3rd Party libs
- ild | . Build EMIT libs and apps Build EMIT libs and apps
Linux (Build, Test, Deploy). " Build EMIT
*  No additional license costs due to documentation
P . Run acceptance tests Run acceptance tests
comblnathn of OpenSource (SVN, " Build deployment files Build deployment files
Tcl) and Microsoft Office (Word, Excel, . Copy logs & deployments Copy logs & deployments
OneNote) products. . Send sucess/failure mails -
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EMIT and Tcl/Tk — CAWT based generation of documentation

4
Input

Requirements List (Excel)

~—

Specification Template (Word) 1

Assessment Template (Word)

\/

Tcl-Scripts

Output

v

Specification Document
Word

Report Template (Word)

UserManual Template (Word)

|-

Doxygen Reference
(HTML files)

\ L/

\ 4

Assessment Instruction
Word

\ 4

Assessment Report
Word

User Manual
Word
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- EMIT and Tcl/Tk — Scripted test procedures

EmitAssessmentReport docx [Kompatibilitstsmodus] - Word e (m] X

Test Input Test Scripts

Datei  Start Einfil Entw|Layo  Refer Senc Uber BREH Hilfe Tabe|layo Q Siewins: ) Teilen

5] |8 EIEIENE

BpecifySceneFile "Chesshoard-Animation.osqt™ Ansichten | Wertikal Anzeigen  Zoom | Fenster Makros | Eigenschaften
!EeciFﬂSensorFile "PU—nnimation!PU—ﬁnimatigniPath.esc" RunAndCheCk - - - . 7

SpecifyWindow 1118 38 Seitenbewegung Makros SharePoint ~
SpecifyImageOutput 1 “PU-Animation_Path” @ raw L

SpecifyCoordSysType FlatEarth ‘;:-ﬁ":ﬁﬁfﬁ:ﬁ.,mmhm =l /

SpecifylLocalori 1 o o ’

SpecifyLogging 2 "PU-Animation_Fath.log™ ;:“:‘::k X

set camPosY [expr -{1000.8 - 44.378)] .

SpecifylLocation Pos_t8@8 0.8 $camPosY 20.80 6.0 0.8 0.8 0.0 5.2.6 Test check: PV-Geometry_ FIatEartn-Position2
SpecifyLocation Pos_tas 6.8 44.378 208.8 0.8 0.0 0.0 5.0 Y
#t New location — |
i u " Checktiame X % bpeced Menured
set locationMame “Pos_t A5 LehTemin 20235 fmum Lo
2000
tt Check correct image size. 3 0010
CheckImgSize $testMame $locationMame $testWidth $testHeight Lo s [ieoosg
[

tt Check border of CB1. Object width must be 58 pixels.

CheckPoint “eq" $testName $locationName "CB1 LeftTerrain™ 238 235 1.8
CheckPoint “eq" $testName $locationName "CB1 LeftBorder” 231 235 2.8
CheckPoint “eq" $testMame $locationName "CB1 RightBorder" 288 235 8.8
CheckPoint “eq" $testMame $locationName "CB1 RightTerrain" 281 235 1.8

Check image size:

Check values af specific checkpints with threshold 1.0E-4

Report Template
Word
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- ) EMIT and Tcl/Tk — EMIT SceneEditor

The EMIT Scene Editor builds up an EMIT renderable scene by
« combining components created in the modelling step (Players, Terrain)
 animating dynamic players | Sensor | [ Coordlnste ReferenceSystem |

« defining the environment

« configuring virtual sensors

The EMIT ScenekEditor is written in Tcl by
using the wrapped EMIT functionality |
supplied by the EDI interface.

Scene |

Additionally a separate Viewer class allows |
the incorporation of the OpenSceneGraph

based EMIT 3D window into a Tk widget. E ~ i
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EMIT and Tcl/Tk — EMIT SceneEditor

Overview of the Graphical User Interface

S/PV-EMIT-SE/Sensors/Sight-radiance.esc v/ &
Scene

RN
-EMIT-SE/TestomneCigiRoundEarth osgt

cemas |
158/ Thermal/Evoning Tropicol-Desert/
B > Location

E »Time

E » Atmosphere

A

B > Wind

& » Clouds

& » Precpitation

B %S| D X
T  Player #01:Intesnal (VBL-WayPoints)

® 0w X0 x

Name: VBL-WayPoint
Entity 1D 1V
1+ Player animation

> Playes atiitude

@ * Player DisSim

& * Player effects

& > Player #02: Intesnal (VBL-Static)
& » Player #03: Internal (Fire)

View Control
= lwm| s

S E
X (m:

¥ (m):

Zm)

Environment fime:

Vel (k) 5,000

Way Points (3 entic
time | X | Yim | 2w | o) | Theta ()| Pai ) [ Scalex | Scokev | Scale-z
0,000 | 2667.000000 | 1866000000 | 100000000 000 000 | 000 10000 1.0000 10000

2043000000 | 100000000 000 000 | 000 1.0000 1.0

Player Overview IR Attibution
Pix 00 Pix ) Type Lar () Lon () [ Al ) Distance (m) | Red Green Blue
491 954 | Scenery 2221130399 15940756565 97.646898 581.328990 04114 0.4447 02475

E @ e oe|m T x

« Time (sed Pos 0 Pos (1) PosiZ) Red Green Blue |
——
¥ Loaded scene € RoundCarth.osgt in 0.1 seconds
Page 22 Reference: EMIT — An infrastructure for realtime infrared image generation

This document and the information contained herein is proprietary information of MBDA and shall not be disclosed or reproduced without the prior authorisation of MBDA. © MBDA 2022.

Togl widget
Tk events -> OSG

Tablelists

Tcl/Tk specialities:

nNIeirnrA

MSSILE SYSTEMS



EMIT and Tcl/Tk — EMIT SceneEditor

Player Management

Sensor
BRE®

Tcl/Tk specialities:

S/PV-EMIT-SE/Sersors/Sight-radiancosc_~ /&
Scene

ol@amiali
-EMIT-SI/TestSceneCigiRoundLarth.osgt

e C++ Code-Generation for
EntityTypes with Tcl script

Entity types filte
EnttyKind Domain | Country
Platiorm Air |Germany A1

D & @D X
B~ Player #01; Intenal (VBL WayPoints)

Alpha Jet £ trsiner/attack

WD X Platform Air Germany Attack.
Name: VBL WayPoints v c 2.0 2/mig214it
Entity 10: 1v Ertity types fist

Entity Types (145 entries)

B > Player animation

TS [ ind | Dmei
1 Fightet/Air Defense: T
2 EFM (Enhanced Fighter Maneuverability) X-21A
3 McDonnell-Douglas F-4 Phantom It

4 Far
5

6

7

s

) » Player attitude

Increment (seck: 0,020

Simulation time (seck 0.000

B~ Player Dissim

Foree I Friendly
Dead Reckoning: DRM_F P W
Entity type: 0000000 v

rwironment time:  12:00:00
FaFICE Vel femyn}: 0.0000
Eurofighter
Furofighter GS
Eurofighter GT
Attack/Striko
Dassault/Dornier Alpha Jet

1

1

1

1

1
@ » Player effects :
B *» Player #02: Intemal (VBL Static) 1

1
1B > Player #03: Intemnal (Fire) 1
‘Alphs Jet MS1 1
Alpha Jet A 1
Alpha Jet MS2 1
Alpha Jet 2 1
Panavia Tomado Interdiction/Strike (IDS) 1
Tomada IDS GR1 1
Tomado IDS GR1A 1
Tomado IS GR4 1
0 Tomado IDS GRAA 1
Tomado IDS ASST A1 GT 1

28086

* Cancel < Select

Picking Playes Overview IR AUbUlIGH

Cewoo | e | e | tatfl | ton () [ v Distance (m) | Bed | Green
19 849 | Scenery 2221149945 159.40904110 98.213947 665797936 04182 05164 03214

Pick results.

BE»t® e o8 7|

e | Timeped Pos 09 | Pos () | Pos 2) | Red | Green Blue |
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EMIT and Tcl/Tk — EMIT SceneEditor

Render Modes & Sensor Management

[estSceneGigiRoundEarth osgt -

| View Control

Tcl/Tk specialities:

 ukaz

N T
csaas e )0 9= W/Ermit/Scenes/PV-TMIT SE/Sensors/Sight radiance.esc 10000
cmlivering oot Doy |1 e p s r— —_— — i ° tdom
Spectrum # | stage | ensbled | riter | 7oa | Value mapped to black (mink
Render mode: Radiance 1 o 8 | Oversampling Value mapped to white (max):
Min. waveband (um 80000 |, |, 8 | Comolution | Output (Gamma factor (gammal:
Max. waveband (um): 12.0000 Pseudo color (pseudocolorf: [ Use pseudo colors for display
Projection i)
Type: Perspoctive CHaR®m
Horizontal FoV {*): jent (Vm‘{ 0020
Vertical FoV (% !’ fion lmrﬁ {seck 0.000
2 £ 20 hment time: 1220000
Horizonta (pieel: 800 s - VB 00000
| Vertical (pixel): 600 v 3
Ciopig 2
Near plane (m: 1.000000 v 3
Far plane () 10000000000 v/ 50
View offset -~
X offset (m): 0000000 20 3 @ 5% e
¥ offset 0000000 v Tni 32-bi% Floa
2 offset (mi: 0000000
st 200 | Fle £t Fieinfo
Pitch offset (). 000,y | AR CRE QR 00| e
Roll offset (7 000 <FilterKornel height="5">
0.0031 0.00483 0.0057 0.0048 0031
0.0092 0.0281 0.0564 2
2 0. 0.4373
2 0 00564
0. 0.0057
<PostProcessing name=*View® enabled="true" gamma="1"/>
</Senzor>
1 EMIT radiance esc
a7 WSy m
Pick rosults
Haia o
¢ | Tmetsed Pos 00 | Pos (1 | Pos?) [ Red l Green [ Bue |

| Minimum: 202621 Maximum: 45.2197
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Replay Functionality

View Control
w'l s

Animation Control

O W
0020

Inctement (seck:
‘Simulation time fseck: 0.000
Environment time:
Vel (kv

yPoints/EmitDemo.

Help
Replay file: (4 W./Emit/Scenes/PV-EMIT-SE/WayPoints/EmitDemo.rpl ~ v ¢
W/Emit/Scenes/PV EMIT SE/WayPoints/ ~ 8

Output diectory: =

0 & & E b X
0 > Player 07: intemnal (VAL-WayPoints)
B > Player #02:intemal (VL Static)

T » Player #03: Internal (Fire)

Fxecuted commands
or myFmit 0500 7 #1

43074

1v
12v

1.57079632675 ; 4 1

Save images: [
File pattem:  Replay %04d
Image format: raw

Sensor Way Points.
BHEe

Way Points
¢ | Tme xm | ¥ (m) zm)
10000 860494910 | 844.000000 | 106187060
20050 861161230 | 844000010 106308840
3
4

it AddSensor myl

Emit

it 0 +1
dentifier myEmit 0 0 0 7 4 1
myEmit 0 0 0 0
ionMode m

0100 | 861831160 | 844.000010 106430740
0150 | 862504660 | 844.000010  106.552780
5 | 0200 | 863.181710 | 844.000010  106.674930
6 | 0250 863862280 | 844000010 106797190
7 0300 | 864546320 | 844000010 | 106919570
8 0350 865233820 | 844000010 107.042060
9 | 0400 | 865924740 | BA4.000010 | 107164640
10 0450 | 866619070 | 844000010 107287330
——

079632675 ; # 1

[ Found 12 frames (Highest frame number: 12)
% MIT-SE/TestSceneC seconds
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EMIT and Tcl/Tk — EMIT SceneEditor

Tcl/Tk specialities:

* Render log files are written
as Tcl scripts and can
directly be interpreted.
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EMIT and Tcl/Tk — EMIT SceneEditor

Atmospheric and Thermal Calculations

oR =
T-SE/Sensors/Sight-radiance.esc v &
Scene

cl@iis i
[TestsceneCigiRoundEarth.asat

=

Vevening Tropical Desert/ ~
& > Location

B > Time

B » Atmasphere

& »Air

B > Wind

@ > Couds.

B » Precipitation

e
18 > Player 201: Intemnal (VBL-WayPoints)
B » Player #02: Internal (VAL Static)

T » Player #03: Internal (Fire)

waly s

Themal case fier
Country Location Month Time Condtion Waveband
Al [sehvobenhausen A [ a0 < Jan

Animation Control

CRENT NG
Increment (sec: 0,020
‘Simulation time (sec: 0.000
Environment time:
Vel fkenvh}

Thermal case fist
Thermal cases (130 entries match filter)

[ oy [ oo Mook |Tme | Condiion
- o 0600 | dow
dear

‘doudy

rainy
Germany Schrobenhausen o1 1200 choar 3050
Germany Schrobenhausen 01 1200 clear 80120
Germany Schrobenhausen 01 1200 doudy 3050
Germany Schrobenhausen o1 1200 doudy 80120
Gesmany Schwobenhausen 0 1200 1oy 3050
Germany Schrobenhausen 01 1200 rainy 80120
Gesmany Schwobenhausen 01 1800 doar 3050
Germany Schrobenhausen o1 1800 dlear 80.120
Gormany Schrobenhausen 0 1800 doudy 30,50
Germany Schrobenhausen o1 1600 doudy 80120
Gesmany Schwobenhausen 01 1800 rainy 3050

18 Germany Schrobenhausen o1 1300 rainy, 80120
19 Germany Schrobenhausen 01 2300 dear 3050
20 Germany Schrobenhausen 01 2300 dear 80120
21 Gesmany Schvobenhausen 01 2300 doudy 3050

Schrobenhausen

X Cancel

Picking Player Overview IR Attribution
P00 | Pw) | Type | Lat () | Lon () ] Alt m) | Distancem | Red [ Green | N
364 | Scenery 2221738302 159.41124216 83467091 1251894440 02872 03222 02696

Pick results

BEH® 2 + o |® 7| x

e | Tmeised Pos 00 Pos (v) | Pos ) [ Red Green Bue |

—
v estSce in 0.1 seconds
Page 26 Reference: EMIT — An infrastructure for realtime infrared image generation

This document and the information contained herein is proprietary information of MBDA and shall not be disclosed or reproduced without the prior authorisation of MBDA. © MBDA 2022.

Tcl/Tk specialities:

Tablelists
Sqlite binding
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/) Summary

Main features: Tcl usage:

* Realtime Image Generation * Tcl/Tk based graphical user interface

* Realtime sensor effects * C++ interfaces wrapped for Tcl with SWIG
* Realtime special effects (ex. fire, smoke) *  CD/CI workflow based on Tcl

* Flexible, network transparent interface
°* E/Oand IR mode
*  Linux and Windows
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