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CADLM - Transforming data into intelligence

“CADLM accelerates product design and development via real-time parametric simulations with 

our optimization, machine learning and AI tools”
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Our customers
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Machine Learning (ML) with CAE will greatly impact 

the product development process.

Focus Areas:

• Creating Predictive Models with Machine Learning

• Avoid long, complex and costly (pre/solve/post) 

simulation process.

• Simulation can provide the training data

• Support Controller / Sensor Learning providing 

additional training data

• Will replace the costly analysis process.

• Enable the creation of autonomous systems.

Which came first: Data or Computers ?
Which came first: Data or Computing ?
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Our solutions aim at COST reduction

Customers’ problems (COST)

• Computing (HW/SW, CPU, Energy, …)

• Optimization (Iterations, curse of dimensionality, precision of surrogate models,, parametric 
studies, stochastics)

• Simulation (Model size and complexity, Multi-physics, multi-scale, encapsulation, model transfer 
without loss of confidentiality)

• Time (Real-time, pre/post automation, animations, etc.)

Our Applications

1. Real-Time predictive modeling and optimization (CAE or test data)

2. Image , Sound & Sensors compression, identification, learning, prediction 

3. Fault prediction (Sensor data)
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Our Technology Positioning
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Our Added Value Raises with Design Complexity

Positioning

We star here 
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ODYSSEE is a modular package:

ODYSSEE Full Package

Equation factory and data 

mining

Model optimization & 

DOE

Data fusion & model 

reduction

LUNAR

Model Reduction & 

Optimization

QUASAR

Machine Learning

NOVA

Optimization

• QuasarOnline,

PULSAR, …
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Current Design process

Y = F(A, X, t) 
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Why LUNAR?

All require numerous solver runs 

10                                                100                                                 1000

Computing Cost

Iteration

before

After

Fix

Variable
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Lunar for real-time parametric studies

Design Parameters

DOE based data collection



Reduced Order Modelling (ROM) and Real-Time 

Optimization 

ODYSSEE (LUNAR/ QUASAR/ NOVA)
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Lunar exploits ROM

Note: 

• ROM is not a response surface method

A response surface uses polynomial or other 

interpolation functions as « a-priori » applied to 

scalars (temporal responses are treated as scalars -> 

long and non repeatable: needs to be re-done for 

every prediction)

• ROM predicts complete time responses and is

based on physical modes of behavior

Lunar is based on Model Order Reduction techniques

May predict temporal & static responses

May predict bifurcation and non-linear response

Prédiction des réponses temporelle
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Expected Real-time output

Time responses in real time

Lunar

FE

Real-time animations

Optimization and parameter fitting

initial

Optimize

d

Objective

Population studies (corridors) Sensitivity analysis of parameter effects

ODYSSEE
Explore new industrial horizons

1 2

53 4
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Advantages

Real-time computing

• Zero-computing effort for parametric studies and 
optimization

• Corridors & Population generation (statistics)

• Parameter effects

• DOE’s

Software and physics independent

• Works with Structural, Thermal, CFD, Acoustics (Ls-
dyna, Radioss, pam-crash, MSC Nastran, Marc, Adams, 
Cradle CFD, Actran)

Automation/Parser

• Automatic post-preprocessing and rating

• Multi-channel

Reduces CAE computing effort
• Allows for a few, wisely selected sampling points
• Adaptive learning that allows you to improve as you learn

Precision & completeness
• Full time history output (not only scalars)
• Physical domain decomposition and not fitting (it is NOT a
Response Surface Method!)

Can produce 3D animations
• No interpolations but reconstructions
• Stress/displacement iso-value reconstruction

Evaluation tools included
• Quality of parameters • Quality of DOE
• Best method for your application

ODYSSEE
Explore new industrial horizons
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CADLM offer (AI/ML/ROM based optimization)

Aerodynamics

Aeroacoustics

Battery

Crash

Electric

Ergonomics

Exhaust

Fuel tank

Heat

Impact

Noise

Safety

Stamping

Strength

Styling

Tires

Vibroacoustic

…



17 © 2018. MSC Software Confidential. ODYSSEE : Artificial Intelligence for Engineering Excellence – Questions? info@cadlm.com

Sub-system encapsulation (*.k include)

Testing a case within the data base (leave-one-out)

thickness :2.33 mm; mass RW:300. kg; velocity RW:7.22 mm/ms
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Quasar-lsDyna coupling

Element Calculation 

Input nodal velocities

output internal forces

External force (load/contact) 

Input internal nodal forces 

calculate accelerations

output nodal accelerations

Constraints

Input nodal accelerations

update nodal accelerations

Output updated nodal acceleration

Calculate nodal positions

Input nodal accelerations, Calculate 

velocities, calculate displacement, 

output position

Update nodal position

Update nodal accelerations at share 

nodes

QUASAR

At every (selected) cycle



19 © 2018. MSC Software Confidential. ODYSSEE : Artificial Intelligence for Engineering Excellence – Questions? info@cadlm.com

*QUASAR Keyword

• The calculation stability is greatly

improved, and the calculation is

possible to the end.

• The calculation speed was also

greatly improved and could be

reduced to 3 times the target value.

Courtesy of JSOL
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Modifiez le style du titre

Inactic felis quis tortor Inactic felis quis tortor Inactic felis quis tortor

Cras ultricies mi eu turpis 

hendrerit fringilla. Cras risus 

ipsum, faucibus ut

Cras ultricies mi eu turpis 

hendrerit fringilla. Cras risus 

ipsum, faucibus ut

Cras ultricies mi eu turpis 

hendrerit fringilla. Cras risus 

ipsum, faucibus ut

Rubber joint (ls-dyna) – Material Nonlinearity

15 runs, 3 parameters 

Mass => X1

Mooney Rivlin parameters => X2, X3

Output Channel

Displacement at extremity of joint => 

Y1

Elapsed Time

FE = 21 minutes

LUNAR = 1 sec
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Modifiez le style du titre

Inactic felis quis tortor Inactic felis quis tortor Inactic felis quis tortor

Cras ultricies mi eu turpis 

hendrerit fringilla. Cras risus 

ipsum, faucibus ut

Cras ultricies mi eu turpis 

hendrerit fringilla. Cras risus 

ipsum, faucibus ut

Cras ultricies mi eu turpis 

hendrerit fringilla. Cras risus 

ipsum, faucibus ut

Ball impact with rupture (ls-dyna)

15 runs, 4 parameters 

Position X,Y => X1, X2

Ball speed at impact => X3

Impact angle => X4

Output Channel

Contact force => Y1

Elapsed Time

FE = 1 minute

LUNAR = 1 sec
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F(t)

Displacement d(t)?

L=1000mm

15 DOE 

runs

Plate flexion (Influence Lines)

2 model parameters

Plate thickness => X1

Mobile support distance=> X2

Output channels:

displacement-time over the complete 

spatial domain => Y1

Influence Lines

Finite Elements Lunar

1 minutes / simulation 1 second
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Plate flexion (Influence Lines)

Lunar: 1 s FEM : 1 minutesLunar: 1 s
DOEDOE      +

Support position
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Example – Rubber Compression Joint

3 model parameters

Mass => X1

Mooney Rivlin parameters (A, B) => 

X2, X3

Output channels:

Displacement at extremity of joint => Y1

kg

13 DOE runs Finite Elements Lunar

21 minutes / 

simulation

1 second
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Rubber Joint Compression

Lunar: 1 s FEM : 21 minutes
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Example: Ball impact on plate

Output Channel:

Contact force => Y1

4 Model parameters: 

Position X,Y => X1, X2

Ball speed at impact => X3

Impact angle => X4

15 DOE runs Finite Elements Lunar

1 minute / simulation 1 second
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Ball impact on plate

Prediction of rupture

Lunar: 1 s FEM : 1 minute
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Pole impact of composite bumper panel

Model parameters:

Fiber orientations in:

▪ Layer 1: X1

▪ Layer 2: X2

▪ Layer 3: X3

▪ Layer 4: X4

output channel:

Y : Bumper deceleration

15 DOE runs Finite Elements Lunar

6 hours/ simulation 1 second
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Crash composite bumper panel

Lunar: 1 s FEM : 6 hours



30 © 2018. MSC Software Confidential. ODYSSEE : Artificial Intelligence for Engineering Excellence – Questions? info@cadlm.com

Example - Fluid blood flow model 

Finite Elements Lunar

2.5 hours per 

simulation

2 seconds

2 Model parameters: 

Blood pressure injected in input surface => X1

Blood pressure in one output surface => X2

Output channels:

Flow rate measured at the input/output surfaces

Input Pressure

DOE 8 runs 

Courtesy of DynaMore
https://www.dynaexamples.com/
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Example - Fluid blood flow model 

Lunar: 2 s FEM : 2.5 hours
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Crash – sub-modelling

Courtesy of JSOL Corporation

Sub-modelling of crash box-beam
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Example - Sled test

3 Model parameters: 

Deceleration (breaking 

speed)

=> X1, X2

Airbag mass debit

=> X3
Output channels:

Thorax compression => Y1 

Pelvis acceleration => Y2

15 DOE runs Finite Element 

solution per run

Lunar

1 hour/ simulation 1 second

Sensor 1

Sensor 2
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Example - Sled test

Population 

studies

Pelvis acceleration

Thoracic compression

Paramete

r 

sensitivity

Lunar: 2 s FEM : 1 hour
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Example - Sled test

Animation obtained by EF (1h) Animation obtained by Lunar (2s)
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Modifiez le style du titre

Cras ultricies mi eu turpis 

hendrerit fringilla. Cras risus 

ipsum, faucibus ut

Cras ultricies mi eu turpis 

hendrerit fringilla. Cras risus 

ipsum, faucibus ut

SLED TEST + AIRBAG (Optimization)

15 runs, 3 parameters 

Deceleration (breaking speed) => 

X1, X2

Airbag mass debit => X3

Output Channel

Thorax compression => Y1 

Pelvis acceleration => Y2

Courtesy of GNS/Animator4
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Example – ‘Yaris Front crash’

Driver seat accelerometer

DOE of 17 runs

393329 Nodes

378470 Elements 
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Example – ‘Yaris Front crash’

Lunar: 1 s FEM : 3h

Driver seat acceleration

Case 1

Case 2

Case 3
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Battery short circuit analysis

Courtesy of JSOL Corporation
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Battery short circuit analysis (Image)

Courtesy of JSOL Corporation
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Stamping

Initial:

XN =117kN, 

53%

Optimal:

Xopt=102kN, 

30%

Bender force, Bender strength

7 runs only

Courtesy of ETA
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Flight Simulator (landing conditions)

15 runs, 3 parameters

• Angle θ => X1

• Angle α => X2

• Angle γ => X3

Output Channel

• Nose z-displacement => 
Y1

Elapsed Time

• FE => 9 minutes

• LUNAR => 1 sec 

https://www.youtube.com/watch?v=oNQ0wT0WFn

g

https://www.youtube.com/watch?v=oNQ0wT0WFng
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Flight Simulator (landing conditions)
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Chassis Frame Optimization for Natural Frequency

Courtesy of ETA
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Frame- Steel E=210 Gpa; Blue part 3mm; green part 10 mm

Fixed on 4 corners ; Impactor mass=3.5kg, Vx=40 km/h

Steel,  E=210Gpa

1
,5

 m

50°

Child head (sphere; Diameter ~25 cm ? 

X

Y

X

1 43

5

2

7 86

Fusion for image processing – Automotive head Impact analysis

Child head Impact on bonnet 
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Accelerations

Displacement

Reduced Order Modeling for image processing - Accelerations

Blue = lsdyna   ;  Brown = Quasar

ODYSSEE
Explore new industrial horizons
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DYNA result

Base result

Improved Image

Influence of image boundaries

Courtesy of Masahiro Takeda, JSOL

Reduced Order Modeling for image processing – Displacements ODYSSEE
Explore new industrial horizons
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Mecasif Project starting in 2014 and finished in 2016

Methodology for ALE 

based reduced model

Real time solution for 

simulators based on FE 

Reduced CPU cost by 

reducing the need for finite 

element solutions

Costly to run a 

complex 

dynamic and non 

linear model like 

ballistic impact 

•Reduced model of ALE model (fluid/structure 

interaction)

•Application for real-time predictive training 

simulator 

•Combine reduced model with a finite model 

using domain decomposition techniques

Approximated response in

blue and black

F.E. model response in red

Projectile

Projectile 

nose

Before impact After impact

Back view 

of the destruction of 

the block by shock 

waves

Front view of the target 

block

ODYSS

EE
Explore new industrial 

horizons

Ballistic impact with ALE simulations
(Defense sector)
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Workflow

EF vers base POD

Complexe

Longue

ODYSS

EE
Explore new industrial 

horizons

Ballistic impact with ALE 
simulations
(Defense sector)

Collaboration SILKAN/CADLM
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Modifiez le style du titreReal Time Parametric Design and Optimization

Minimum Thickness 0.5 mm

Maximum Thickness 2.0 mm

Reduce BIRD strike analysis simulation time using 

LUNAR (ROM) and NOVA (Optimization) 

Target:

• Find the optimal thickness distribution 

for plate1, plate2 and plate3

Constraint:

• No elements erosion in plate3
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Lunar : Optimization

ELAPSED  time =    15.42      seconds

27 runs
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Chassis Frame Optimization for Natural Frequency

Courtesy of ETA
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ACTRAN - Predicting the absorption coefficient of a 
porous material

Experimental Setup Numerical Setup Validation

Courtesy of MSC
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ACTRAN - Predicting the absorption coefficient of 
porous material
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Actran : Exhaust System Optimization

Optimized solution
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scFlow - Flow around an obstacle

8.5° -8.5°0°

Predictions vs Full CFD
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scFLOW – Steady-State analysis

Courtesy of Tomoyuki Hirabayashi (MSC Japan)
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scSTREAM – Transient Analysis
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scFLOW - Prediction of aerodynamic sound analysis

Courtesy of Tomoyuki Hirabayashi (MSC Japan)
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Design of experiments

X: (2 variables)

1. Inlet Fluid Speed

2. Membrane Stiffness

Y:

1. Displacement center 

of membrane

Pump membrane optimization with multi-physics interaction

Courtesy of Fabio Scannavino – MSC Italy 

x 8 
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Restaurant Airconditioning
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Restaurant Airconditioning – Optimal positioning

• x=1.45

1.11.0 1.31.2 1.51.4

M1 M2 M3 M4 M5 M6

xn3

CFD LUNAR

Courtesy of Cradle (scStream)
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Sound spectrum prediction form images

Known database Prediction

p
re

d
ic

te
d

K
n
o
w

n

ODYSSEE
Explore new industrial horizons
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Wheel impact on pavement - Learning from images : Y(t)ODYSSEE
Explore new industrial horizons



65 © 2018. MSC Software Confidential. ODYSSEE : Artificial Intelligence for Engineering Excellence – Questions? info@cadlm.com65

Initial Velocity (Km/h) Number of branches

M1 9 9

M2 4 9

M3 9 10

M4 8 8

M5 7 10

M6 6 9

M7 10 6

M8 10 7

M9 8 7

M10 5 8

M11 6 6

M12 7 5

M13 5 5

M14 3 8

M15 4 7

M16 3 6

M17 3 5

M18 3 10

M19 10 5

M20 10 10

M21 7 7

M22 10 9

X_parameters

X_image

ODYSSEE
Explore new industrial horizons

Wheel impact on pavement - Learning from images : Y(t)
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Full vehicle Passenger safety

Odyssee LS-DYNA

LS-DYNAOdyssee

Nicely predict contact behavior between airbag and dummy

Strange head deformation can be observed

Seconds Hours x 

HoursSeconds 

Courtesy of JSOL
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LS-DYNA Odyssee

[Discrepancy at fingertips]
• Max: 4.3mm
• Final:3.0mm

[Volumetric change]
• Upper Arm: +0.6%
• Lower Arm: - 3.0%

[Discrepancy at fingertips]
• Max:  5.7mm
• Final: 1.7mm

[Volumetric change]
• Femur: +0.7%
• Tibia:    -0.06%
• Feet:     -0.5%

Human biomechanics

Training data Computation time

DoF # of data Learning Prediction(25steps) Dyna (16 cores)

Arm 3 13 2m 6s 1m 15s 9 h 40 m 56 s

Leg 4 20 2m 54s 2m 27s 11 h  7 m 42 s

Courtesy of TOYOTA/JSOL
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Odyssee LS-DYNA Odyssee LS-DYNA

Odyssee: 1 min (1 core) – ls-dyna: 10 hours (16 

cores) to

Human biomechanics

Courtesy of TOYOTA/JSOL
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Pre-crash avoidance manoeuvre and crash

6 Runs only

“At AUTOLIV we are concerned with safety of real humans (and not only 

dummies). This requires a yet challenging computing effort for evaluation of our 

safety solutions. CADLM’s ODYSSEE.Lunar software is a real breakthrough and 

provides a very promising perspectives in order to reduce drastically 

computing time and optimize our designs” Bengt Pipkorn (Director Simulation 

and Active Structures, Autoliv Research)



70 © 2018. MSC Software Confidential. ODYSSEE : Artificial Intelligence for Engineering Excellence – Questions? info@cadlm.com

Restraint system robustness
Coupling CADLM / DynaS+ software

CPU times reduced by 86%
Time of study : 5 days instead of 1 monthCourtesy of Autilv France
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PSA - Automotive Sector: crash 
automobile

Convergence rate (no. Of runs) 

Starting with ~20 runs for 1M

element Full car crash (side)

Collaboration PSA/CADLM
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TOYOTA  – Side rail buckling
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TOYOTA  – Side rail buckling
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TOYOTA  – Vehicle Aerodynamics
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TOYOTA  – Vehicle Aerodynamics
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Try it …


