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General objectives of SE-Workbench

¢+ SE-Workbench : Multi-sensor battlefield modeling
% Synthesis of 3D scene observed by a sensor
[X> 3D scene physical behavior characterization
x> Computation of the physical signal received by a sensor
< Multi-spectral unification: optronic, electromagnetic, acoustics

[X> Use a unique 3D scene: common kernel + physical extensions
> Use a common technology : common kernel + physical extensions

¢+ SE-Workbench: sharing R&D effort

& User Group community

> Federation of the needs and of the effort

x> Global maintenance and development handling
% Cross validity insurance

x> Experience and knowledge sharing

x> Data sharing
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Past, Present, Future

¢ History
= 1994 first development
% 2000 Infrared main development
= 2000 first EM studies
= 2001 SCALP program development
= 2003 first acoustic development
= 2004 MUSES coupling

¢+ On going effort

= Optical modeling of pyrotechnic
countermeasures

= Global OCM for major customers

¢ For the future
= Electromagnetic full integration
= Active imagery & LIDAR
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General concepts

Looking for realism
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General concepts

Validity domain control

¢ Theoretical validation
= Development of physical models
% (General modeling and simulation knowledge
= Elementary tests and validity assessment

+ Validation by experiments
% SCALP/EG missile (Fr)
= Storm Shadow missile (UK)
= AASM missile (Fr)

¢ State level validation
% Qualification of the tracking algorithm for the SCALP/EG by simulation
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General concepts

Real Time — Non real time duality

Ray-Tracing Graphic board technology (Open GL)
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General concepts

Multi-sensor unification

+ |ndependence to the instrument
= Split the environment and sensor modeling to ease the simulation
% (Generate the same signal for different sensor technologies

+ Many applications 04207 um
= Air, Sea and Ground based sensor modeling
= Air, Sea and Ground based 3D scene and environme

+ Multi spectral need

1,94 2,6 um
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General concepts

*

*

Interactive and APl modes

Interactive simulation

&

&

&

&

Scenario development and assessment
Database development and enhancement
Unitary tests for validation

Demonstration and understanding

Batch and APl mode usage

Massive computation

Remote control of image sequence generation
Software in the Loop applications

Hardware in the Loop applications

&

=
&
&=

SE-Workbench n°8/27



Functional architecture

' Geometrical
[ ) modeling
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)—b SE-AGETIM

polygons

—>

SE-PHYSICAL-MODELER
SE-CLASSIFICATION

SE-FAST-IR

SE-SCENARIO

Real Time
rendering

SE-FAST-IR-SENSOR

materials

—' 3D database

SE-ATMOSPEHRE

propagation
& illumination

SE-RAY-IR

Physical caracterization

)
L,
)

SE-PHYSICAL-MODLER

SE-THERMAL

SE-SCENARIO

Physical
rendering

temperatures

SE-RAY-IR-SENSOR

Synthetic Environment
modeling

Scenario editing

Sensor
integration
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Software offer: SE-Workbench IR
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SE-AGETIM : multi-sensor 3D meshed terrain generation
GIS level: cartography

SE-Workbench n°12/27




E'ﬂ.-lrl-rml it

SE-PHYSICAL-MQDELER: physical materials handling
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SE-CLASSIFICATION : generation of physical textures

o Physical materials
Visible texture Cllassified textures

E i SE-CLASSIFICATION

Geometry
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Physical signal
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SE-THERMAL : thermal pre-computing

+ Resolution of the heat transfer equation
< 1D computation in the thickness direction
< Non static states on 24 hours or more
< Finite differences on each layer method

dPT(x, ) _ 1, dT(x, 1)

dx? a dt

Sun lightening SLY LGSR

@ SNl

Thermal rays
— convection
u -
] / Front face/

Back face
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Given temperature
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Deepness
penetrati

w
LT

SE-Workbench n°15/27



SE-ATMOSPHERE: atmospheric modeling
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SE-RAY-IR: computation of physical signal
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SE-RAY-IR: dynamic element handling

¢ Positioning
= Fixed position B
% Relative to a sensor or a moving target
¢ Orientation
= Fixed
% On one point of the environment
% On one moving object

+ Trajectory
@ Suite of discreet positions
% Possible constraints

Scale factor

Speed

Date

Attitude

Distance

SHSR

Very easily handling of articulated
parts (helicopter rotor, tank turret, ...)
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Countermeasure

Cylinder or sphere

Time dependant evolution
shape
spectral lighting
spectral luminance
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SE-RAY-IR-CLOUDS: clouds modeling

Clouds and Particles
Temporal suite of states
(growing, cycles, descent)

each state is modeled by
a number of Voxels

Each voxel owns :
] atemperature
'l spectral characteristics:
- absorption coefficient
- diffusion coefficient
- Axial dissymmetry parameter
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SE-SCENARIQ : scenario settings and interactive visualization
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SE-FAST-IR: fast time infrared visualization

Physical database

Ready 3D database Real time
Infrared images

—————————————————— 1 N~
: SE-THERMAL I SE-FAST-IR §—»

Thermal database
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SE-TOOLKIT: generic API

Function Image T
selection information

Initialisation
‘ headers ‘ . v .
! Scenario static part
-—> SE-TOOLKIT SE-TOOLKIT . :
* Predefined element loading
scn SE-RAY-IR SE-FAST-IR * Object and sensor adding
SE-GPF v
Vega Scenario dynamic part

* Position modification
Restart » Trajectories adding/modification

A
Simulation loop

* Advanced in time
* Signal calculation
 Signal query

 Signal destruction

A 4

Output
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SE-RAY-IR-SENSOR: generic sensar transfer function modeling

Rendered image size

.

Jitter Sensor sampling
Blur Detector sampling

loops
() () () ()
O—® Hp— ©—©®
Persistence  Saturation Responsivity
Blooming Gain & Offset Display image size

Multiplicative Additive ~ Random  Up sampling Black Hot
noise noise  tempora noise Gain & Offset
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