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* 2013/07-present
Researcher & Associate Professor, Chongqing University

*2008-2013
Research engineer. PhD Intern. passive safety, Ford Research Laboratory
Postdoctoral & PhD research fellow., University of Michigan (U of M)

Education

* 2005-2011, Ph. D. Mechanical Engineering, UM-SJTU (Shanghai Jiao Tong
University) -Joint program

* 2001-2005, B. E. ME (UM-SJTU Joint class)
* 2001-2005, B. A. International Economy & Commerce, SJTU
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Active safety PreCrash

Passive safety

Driver Driver Collision Collisio Injury Post
assistance warning avoidance mitigation mitigation crash
+ Adaptive cruise control * Lanedeparture = ABS + Emergency braking * Pre-tensioning + E-call
+ Park assist warning * ESP assistance * Intelligent seatbelts
+ Intelligent headlights * Blindspotwarning » Lanekeepingsystems | ¢ Activebraking *+ Intelligent airbags
* Pedestrianwarning » Activesteering
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Model Interpolation and Extrapolation

Extrapolation

Model Interpolation is a method of
evaluating new data points within the
range of a discrete set of known data
points.

Model Extrapolation is a method of
estimating the model predictive capability
of a new data point which is beyond the
range of given data

Finite Element Response Surface Model

ﬁ

Prediction

w

Application

Experimental

Interpolation
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Bayesian Inference based Model Interpolation
and Extrapolation

Y., (%) = Your () +8() + £(x)

> Design DOE matrix in the design space Yoo (%)= Yo ()~ S(X) = Yo (H)-0(X)
/ \ Assume Prediction bias  T(x) =90(x) +&(x)
Perform repeated FE runs Run RSM prediction - - _
follows 7(x) ~ N(7,,(x), 7, (X))

— ———

-

Obtain the evidence of the bias

Obtain the prior information ot

the bias
¥
Calculate posterior distribution of hyper-
parameters of prediction bias Prior
Improve _ — ¥ — - )
DOE matrix Bul.ld RSN.IS iqr preghctmn bias 7.~ N(u,. o 02) p(@] x) = p(x| @)p(6)
X distribution in design space # J' p(x | O)p(8)do
Calculate prediction bias at new design Conduct RSM simulations

! ]
2

Calculate Prediction Intervals (PIs) Conduct new tests

A Posterior
NO / «
Acceptable? 2
I T ~ N(u,.07)

Yes "
Y7, X 1 n > 1 n .
Stop = 2ty Ly e (L

. 0y gy O, Oy g, 0O,
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1. rail_inner Design variables Lower bound | Upper bound Baseline

o s x1_rail inner 1.4 2.8 1.9
4. rail_reinf_f x2 rail_outer_front 1.2 2.8 1.91

3. rail_rein_r x3 rail outer rear 1.6 4.0 2.51

\ Totpurent x4 _rail_reinf_front 1.5 4.0 2.4
\8. shot_gun - x5 rail_reinf_rear 1.6 4.0 2.55

x6 subframe_arm 1.5 3.5 2.55
x7 subframe front 1.5 3.5 2.25
x8 shot_gun 1.2 3.0 1.5

Fig. 4 Design variable selection for main front-end structure
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- Case Study: Interpolation and Extrapolation

80 uniform DOEs

3repeated FE runsand 1 RSM at each design

65 DOE samples areused to construct the Kriging RSMs
15 DOE samples to validate the interpolation capability

25 for extrapolation

Key Performance
Output Responses:

Chest G. Crush distance

BN R DR PPN <ion

Interpolation

X1
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Case Study: RSM modeFRONTIER Flowchart
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/'/' 1D.A Case Study: Kriging RSMs of Prediction
Bias

» Chest G bias mean, (x,)

4
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/./‘\ Case Study II: Taurus Example Interpolation

Evaluation Results

Chest G
Area Reliability | Bayesian Confidence

Interpolation Metric | Metric Metric
Bayesian Inference-based
Method 0.0102 0.4703 0.6888
GPM-based Method

0.0131 0.4106 0.6208
Copula-based Method

0.0081 0.5550 0.7874

Crush Distance

Area Reliability | Bayesian Confidence

Interpolation Metric | Metric Metric
Bayesian Inference-based
Method 0.0069 0.7208 0.9302
GPM-based Method

0.0082 0.6841 0.8650
Copula-based Method

0.0117 0.4833 0.7208

-based method is rated best in chest G prediction while worst in crush distance prediction. In general, crush

Py ion prediction results have higher credibility than chest G.
e
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/./ -\ Case Study II: Taurus Example Extrapolation

Evaluation Results

Chest G
Area Reliability | Bayesian Confidence

Extrapolation Metric | Metric Metric
Bayesian Inference-based
Method

0.0174 0.3513 0.5650
GPM-based Method

0.0166 0.3527 0.5196
Copula-based Method

0.0289 0.2160 0.3390

Crush Distance
Area Reliability | Bayesian Confidence

Extrapolation Metric | Metric Metric
Bayesian Inference-based
Method 0.0077 0.6682 0.8925
GPM-based Method

0.0127 0.4577 0.7188
Copula-based Method

0.0125 0.4468 0.7005

» The ranking of the three methods are not exactly the same according to different validation metrics,

» For the chest G extrapolation, the evaluation results of Bayesian inference based method and GPM based method are
similar, and both methods are rated better than the Copula-based method.

or the crush distance extrapolation, GPM based method and Copula-based method are rated similar by all three metrics

e outperformed by Bayesian inference method.

\\\\\\ .
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Reliability Based Design Optimization (RBDO)

Computer simulator

Model Bias-corrected model Uncertainty
refinement 4 ‘ Quantification
Input variables : s Robust

____________________________

Design
Solution

Y(X)

A4

X

4\

min py(X),s.t. Pri{g;X) <0} > o;%,i =1, ...,k
Reliability-Based Design Optimization (RBDO)

Obtam an improved while reliable design, regardless of mput variable variations
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" 1D.A Case Study: Reliability Based Design
Optimization

RBDO problem formulation

Find H.i=12,....8

to minimize  f,,,

subject to Pr{CG <CG
Pr{CD <CD
L <p <U, ,i=12,..,8

=65;
=750;

}299%,.CG
}=99%.CD

Target Target

Target Target

where

Weight =6.012x, +3.166x, +2.078x, +1.237 x,
+1.463x;, +4.369x; +3.547x, +2.306x,,
CG =84.699-7.7668x,+0.7635x,x;, +0.9809x, —13.133x,
~0.999x, %, +4.0889x x, —0.3187x.x, +0.2922x.x.,
CD =922.51-2.5605x,x, +0.6625x, —88.269x, +13.929x;
-1.2664x,x, +0.4711x,x. —8.2049x,x, —4.6859x, x,,

{_Baseline
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RBDO result: optimal design without bias correction

Baseline 1.90 l. 91 2.51 2.40 2.55 2.55 25 1.50 51.97
RBDO w/o 4408
bias 17 22 1.614 3.966 1.560 1.595 1.559 | 2.988
Design target
Baseline design
RBDO w/o bias
design
e Chest G RBDO (w/o Bias) Restraint . Crush Distance RBDO (w/o Bias) Restraint
. im I Baseline
 —| ?:;)3 wlo Bias 009k :]::{;3 wlo Bias

0.08

, 0.07F

006

0.05f

0041

0.03F

Probability Density Function

002

Probability Density Function

0011

0.89 09 091 0.92 093 kmﬁ
Normalized Crush Distance

0.84 0.86 0.88

Normalized Chest G

Crush Distance
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" 1D.A\ Case Study: FE Confirmation
modeFRONTIER Flowchart

/ integrated digital advanced solution

k&~ N & o~ B8 2O O Qs |- B @B %
g |63 Main |

osm

Z'El x1_rail_inner
» ZEEO—
“
‘, x2_rail_outer_f SupporiFile_dyna
o V
Exit19 ?_
x3_rail_outer_
»
G W -
' x4 _rail_reinf_
ii:[i EEO_ NCAP_Dyna_main_file b Pulse_xy_constraint
EE 5_rail_reinf
| il >0 >@Mo pEy0
E pjo A
DOSBatch80
’ x6_subframe_afm
o
x7_sunframe_fft b
Tl DOE Sequence Cafg
x8_shot_gun omg
Gas

2@0— DOE

\"8 modeFRONTIER

L Ny

Research & Advanced Engineering

| & DOE Sequence
= , | Scheduler based on the user's sequence defined in the DOE table. The complete independence between

B schedulers 7 [ the DOE rows alows the concurrent evaluztion of the different desgns.

|d’DOE Sequence
@ MACK

@ Lipschitz Samplng

5{@ Basic Optimizers

@ SIMPLEX

@ B-BFGS

i@ Levenberg-Marquardt
@ MOGATI

i@ ARMOGA

) advanced Optimizers
@ NSGA-IT

@ MOSA

@ MOGT

@ MOPSO

@ FMOGA-TT

@ FSIMPLEX

3 Evolution Stratedies

[Run Options  RSM Options | MORDO Options

(= MORDO Options

Samping Mode

Seed

[Num. of Design Samples

Hum. of Virtual Samples

= MORDO Advanced Options
\Palynomial Chaos

|Order of Chaos Expansion
Reject Out of Bounds Samples
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[ i RBDO result: optimal design

---------

Baseline

1.91 2.51 2.40 2.55 253 1.50 51.97

1.90 55
wiobias | 1.715 | 1.212 | 1.614 | 3.966 | 1.560 | 1.595 | 1.559 | 2.988
RBDO | 1918 | 2270 | 1.600 | 1.500 | 1.601 | 2.379 | 1.700 | 1.497 | 46.21

Design target

E Baseline design

RBDO design

Chest G RBDO Restraint Crush Distance RBDO

- 07r - o

=~ I Baseline b [ easeline
= I rBDO = oo0el I REDO
B i = Target 8 J Target

e ‘ L £ L]
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ModeFRONTIER

Is a multidiciplinary and multi-objective optimization and design
environment, written to allow easy coupling to almost any computer
alded engineering (CAE) tool, whether commercial or in-house.
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(Courtesy of ESTECO, 2011)
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" 77 Next Generation Design Optimization '\
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Attribute

‘ (Courtesy of ESTECO, 2011)
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Modular

Service Oriented Integrated
idiscipli Framework for
" Orchestration” Workflow Lifecycle
Orchestration Managemen%,

_

(Courtesy of ESTECO, 2011)
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SOMO: Design Evaluation

Evaluation Manager &
Monitor

Data Server
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________________s0Mo modeFRONTIER

Design process approach Batch Interactive/Batch
Computing resources Remote Local/Grid
Control over resources Share Total
Multidisciplinary Different departments Different applications
Deployment Community Single user
Platform Web Desktop
Availability Intranet, Internet Office
Architecture Modular for extensibilty Monolithic for perfomance
Target Engineers, Managers, Engineers

Executives
Optimization Through library modules Native

(Courtesy of ESTECO, 2011)
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