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Introduction

Rapid development of computational modeling and simulation
Model types
» Lumped-parameter models
» Rigid multi-body models
» Finite element (FE) models
Model attributes
» Different levels of abstraction
» Characteristics of the system at different scales
» Various applications
Model validation lagging behind the model development
» Test data limited or even unavailable
» Ineffective execution of the model validation



Model Validation

Model Validation

» To determine the degree to which a computer simulation is an
accurate representation of the real world

» Necessary for a model to be useful for practical analysis and design
Models exhibiting different characteristics at different scales
Model validation to be performed at multiple scales
Validation methods

» Test-simulation correlation

> Visual inspection
» Quantitative and objective evaluations



Teat-simulation Correlation

Comparison between simulation results and test data for
respective responses
Elements involved in comparison

> ltems to be compared

» Manner in which to make the comparison

» Metrics by which to measure the comparison
Comparison in terms of

> Point-to-point

» Peak values

> Injury criteria

» Corridor
Point-point comparison at multiple scales



Impact Responses and Wavelets
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Wavelet Decomposition

Decomposition of a signal on a |
wavelet basis:

S=A1+D1
=A2+D2+D1

=A; + > D;
j<J
Aj : the approximation at level |

D, : the detail at level |

Dyadic wavelet decomposition
— a multi-resolution analysis




Multi-scale Correlation Analysis Based

on Wavelet Decompositions

Conventional correlation analysis inappropriate for impact
responses

Correlation analysis based on wavelet decompositions

>
>

>

Two signals decomposed at certain level

Approximations retaining low frequency contents, describing
underlying gross motions

Treating approximations as deterministic, the correlation coefficient
between them defined as

R)I(aya (T)_ 'u)l(a'uI
\/[R )= )2IR, | (0)-(u), )]

Accounting for time shift between them

pam = P(Em) = mgx{p; (e}

Correlation analysis at multiple scales
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Inadequacy of Correlation Analysis
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Three cases for which correlation analysis unable to tell

differences:
- Amplitude difference
- Shape difference
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Multi-scale Validation Metric

* A metric to measure overall agreement in shape,
phase, and amplitude

I I I
| T Af — A
R! =la1(1- pam) + a2 1 + a3 t | >
T A

| x100%

e Dyadic wavelet decomposition as a multi-resolution analysis
e Evaluating the agreement between tests and simulations at

different scales and frequency bands—multi-scale validation



Multi-scale Validation Procedure

Test/Simulation Responses
v

Choose wavelets

Set threshold valuefor R’

Select weighting factors

Deter mine maximum decomposition level L

i=1

Decomposition at level |
v
Approximations

v

e Correlation analysis
e Find phase shift
e Find amplitudes i=j+1

Y No

Calculate R’ 0
No Yes
Find minimum R’

V'

Yes $
Acceptablelevel Best level
Acceptable representation Best representation
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Test-simulation Correlation
A Case Study

Test data: a full front impact test of a two-door 1997 Honda Accord
(NHTSA database test No. 2475)

Simulation: an FE 1997 Honda Accord crash model

Acceleration responses at the locations of engine bottom, engine
top, left- and right-rear cross members

11



Acceleration (9)

Acceleration (g)

Acceleration Responses from Test and
Simulation
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Wavelet Decomposition

On the fourth-order Daubechies wavelet basis, decomposing at level 6
S=Ag+Dg+Dg+Dyg+D3+Dy+Dy
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Test-simulation Comparison

The approximation at each level: the gross motion
viewed at respective scale

Correlation between the two approximations at each
level

Peak-time shift between the two approximations
Amplitude difference between the approximations

Evaluation with the metric to measure the overall
agreement in shape, phase, and amplitude
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Original Signal and Approximations
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Original Signal and Approximations
Engine Top
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Original Signal and Approximations
Left-rear Cross Member
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Original Signal and Approximations
Right-rear Cross Member
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Test-simulation Correlation at Multiple Scales
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Test-simulation Comparison at Multiple Scales
Engine Top
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Test-simulation Correlation at Multiple Scales
Left-rear Cross Member

Left-rear cross member

S A A A A A A
pl 017 022 035 058 068 080 0.82
r) 31 31 32 -32 -30 -1.3 -15

Al 67 67 70 52 46 32 32

ASj 886 626 205 63 48 45 43
oy, a,, o, Left-rear cross member
S(t) A A, A3 A A A
04,02,04 5229 3636 1035 260 148 242 21.2
05,0.2,0.3, 4088 2884 90.8 281 17.7 223 196
0.3,0.2,05 6369 4388 1162 240 120 261 229
0.3,04,03 3929 2735 784 203 119 185 16.3

21



Test-simulation Correlation at Multiple Scales
Right-rear Cross Member
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Concluding Remarks

Wavelet transform provides a time-frequency view of
automobile impact responses, displaying their features at
multiple scales

Multi-scale test-simulation correlation can be performed
based on the approximations at each level

More complete test-simulation comparison can be
achieved with a metric including correlation coefficient,
timing shift, and amplitude difference

Multi-scale analysis allows for the consideration of system
characteristics at different levels of accuracy and detalil

Multi-scale validation can be used to determine an
acceptable level and the optimal level for a computer
model
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