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CADLM
Explore new industrial horizons

Optimal Decision Support System for Engineering and Expertise

La réduction de modèles : une solution efficace pour la modélisation paramétrique,

optimisation et analyse de la robustesse

Model reduction : An efficient solution for parametric analysis, optimization,

robustness and reliability analysis
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• Crash/Safety/Biomechanics 
• Complex systems optimization
• Robustness and Reliability analysis
• AI, Data mining, Data fusion
• Reduced modelling

Customized solutions & software

CADLM: Transforming data into intelligence



Variations

ODYSSEE – Deployment
ODYSSEE
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ODYSSEE

Predicting impact of new parameter sets without  FE computing or additional 

experiments.
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Model Reduction 
(ROM=Reduced Order Modelling)

• Introduction on Modal Decomposition

• PGD (Proper Generalized Decomposition)

• Hyper-Reduction

• POD (Proper Orthogonal Decomposition)

• Reduced basis methods, Polynomial Chaos 
(Lagrange, Hermit, Taylor)

• CVT (Centroidal Voronoi tessellations)

• Applications Crash/Safety
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Example - Equation of straight line
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Example - Equation of straight line

• Information is reduced/ regressed / fusioned

• Instead of 2N data we need only need N+4 (tN, m, x1, 
y1)

• t is an eigenvector and m is an eigenvalue

• We can reconstruct (approximately)  X and Y
knowing only t and m !
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PCA
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Modal Analysis

Strong coupling

Transformation

Weak coupling
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FE versus ROM

Decomposition FEM

-> Ax=b

Decomposition POD

-> Atx=bt

Parameters p (DOE)

y

x (spatial)

t (temporal)

Discretization (Galerkin) : ex

F (x,t)
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Model reduction techniques

• Intrusive

– A priori, Solver dependent

• Shape functions (elements, 
spatial)

• Reduced stiffness matrix  
(elements, spatial and temporal)

• Non-Intrusive

– A posteriori, post-processing

x-y

y-t

Select elements 

containing a max. 

modal information

Select modes 

containing a max. 

modal information
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PGD (Proper Generalized Decomposition)

• PGD (proper generalized 
decomposition) is an approximation 
of the weak solution of parametric 
FE model

• Construction of tensorial formalism 
of the Newmark equations for 
whole of time domain at once in 
order to obtain a new system of 
linear equations

• Separation of variables in spatial 
and temporal modes
– Y(x,t) = S G(x) . H(t)

• Application of time-series approach 
in temporal domain (iterative)

See also Chinesta et al.
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Intermediate methods

• Hyper-reduction

– An adaptive modification of 
the base as we go on (in 
time) which necessitate a 
new basis reconstruction

– Adaptive meshing (use POD 
between two re-meshing FE 
steps) an initial DOE anyway 
(Full FE) -> POD ? (needs 
initial basis)

x-y

y-t

Select elements 

containing a max. 

modal information

Select modes 

containing a max. 

modal information

See also David Ryckelynck
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POD 
for on-board and real-time computing

• POD (Proper orthogonal decomposition) are algebraic 
approximation solutions allowing for fast (real-time) 
interpolations

• Reconstructions or extrapolations based on previously 
existing DOE-type results (snapshots) obtained either from FE 
computations or directly from experimental results

• Unlike response surface methods where smoothed solutions 
on certain criteria are obtained, POD provides complete 
solutions (reconstructions) of the space-time response of the 
original differential equation.

F(x,t) = G(x) . H(t)
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POD

• Let X {x1,…..,xp} and Y {y1,…..,ym} 

• Assume yk = Â xp -> find Â  ; (p =< m)

• Decompose Yn,m

– If m>>n -> Direct method (SVD)

– If m<<n -> Snapshots method (Correlation Matrix)
n,m

Y(x,t)x

n,p

Modal basis 

(c.f. PCA)
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Singular Value Decomposition

U

VT

n,p n,m

S

SVD

n,n n,m

m,m

Spatial

TemporalF(x,t) = G(x) . H(t)

F(x,t)

G(x) H(t)

x

Eigenvalues

DOE:

Direct POD m>>n
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Singular Value Decomposition

n,p n,m

SVD

NON-zero
modes

n,n n,N

NxN

If eigenvalues diminish rapidly, 

model is well adapted for POD
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NON-zero
modes

Singular Value Decomposition

n,p n,m

SVD

Retained 
modes

n,n n,k

k,k

k>p

Filtering

Rule of thumb : Preserve 99% Energy
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Summary of a POD algorithm

Know-how

1) EF  Q(x , t)    (t0<t<t N)

2) DOE  x(n, p) : Q(n, m) 

3) SVD  Q = U (n, n) S (n, m) V
T

(m, m) 

4) RDA  x | U S (O(x)=q(x))

5) O(x new) q new

6) q new . VT = Q(x new ,t N)
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How it works

Results data base

Parameter set 1: Xa1,Xb1,…

Parameter set 2: Xa2,Xb2,…

Parameter set N:XaN,XbN,…

…

Predicted results

New parameter set

Parameter set N-1:XaN-1,XbN-1,…

Xb

Xa

Xb

Xa

Y2(t)

Y3(t)

Yn(t)

Y1(t)

Yn-1(t)

Xb

Xa

Y2(t)

Y3(t)

Yn(t)

Y1(t)
Y (t) ?

Y (t) ?

Y (t) ?
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Example – plate flexion

Predict: Y: displacement-time over the 

complete spatial domain

F(t)

Displacement d(t)?

L=1000mm

Model parameters

X1: plate thickness

X2: mobile support distance
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Example – plate flexion
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Example – plate impact

Predict:

Y: internal energy

Y: impact force

Model parameters:

X1: impactor velocity

X2: impact position

X3: impact angle
L
=

1
0
0
0
m

m

L=1000mm

Impact position

Without rupture

With rupture
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Example – plate impact

Mesure à prédire: 

Y: internal energy versus time

L
=

1
0
0
0
m

m

(mm/s) V1 V2 V3 V4

DOE 5000 7500 8750 10000

Test 6000 7500 9000

Test 1 : New velocity

Test 2 : New position

Test 3 : New velocity; New velocity; New angle

Model parameters:

X1: impactor velocity

X2: impact position

X3: impact angle
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Example – plate impact

ROM

FEM
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Example – plate impact

FEM no. 4 (with rupture rupture)

FEM

Predicted

Contact force- Test 4

Rupture zone
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Example – Sled test

X1: impact velocity : Slope A

X2: impact velocity : Slope B

X3: injected airbag mass debit (enthalpy)

Predict head, thorax and pelvis  

acceleration : a(t) 

Predict thorax compression: d(t)

slope A = variable 

slope B = variable 

Coefficient= variable

Mass flow rate injected in 

airbag
Speed curve of car during frontal 

crash

Sensor 1

Sensor 2

Sensor 3

0.07s
0.09s 0.11s

X1 X2 X3 Y1 Y2

Velocity
Slope A

Velocity
Slope B

Injected gas
Coeff.

Chest
deflection

Head Injury
criteria

122285 83559 0.9 36 358

122285 83559 1 37 371

122285 83559 1.1 38 391

179679 88704 0.9 42 667

179679 88704 1 43 596

179679 88704 1.1 42 714

296105 118272 0.9 43 955

296105 118272 1 57 1076

296105 118272 1.1 58 1061

98048 189184 1.04 34.5 212

150000 310000 0.93 44.5 978

160800 62000 0.85 39 359

230000 230000 0.8 43 1413

116170 114475 0.902 34 279

189541 69353 0.84 37 420

Kambiz Kayvantash, SIMBIO-M , 2015
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Example – Sled test Predictions

Test 1 - 140000-140000-1.08

Head acceleration

Thorax compression

Parametric studies

Animations
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Example – Validation of Nij with HIII F50

Courtesy of Toyota Motor Company – Tsuyoshi Yasuki, LS-DYNA conference 2016
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Courtesy of 

Toyota Motor Company,

Tsuyoshi Yasuki, 

LS-DYNA conference 2018

Population Studies
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Example – Morphing + (personalized 

impact on thorax)
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Biomechanics - Predicted results
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