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Outline

e |nverse simulation

* |Inverse simulation under Uncertainty
— A reliability and optimization approach

e Example
e Conclusions
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Inverse Simulation

e Direct simulation: Given x find y

. g(x)

y

e |Inverse simulation

—>

— An Inverse process to the direct simulation

— Given y find part of x
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Example: Inverse Kinematics

* Direct modeling

— Uses joint parameters to
compute motion output

* Inverse modeling

— Determines the joint
parameters to achieve
desired motion output

Source: http://en.wikipedia.org/wiki/Inverse kinematics
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Example: Accident Reconstruction

Direct simulation

e Input: vehicle
speed, position,

etc.
e QOutput: accident \ -
consequences /0005
v1=40.0 [km/h]

/L v2=49.2 [km/h]
A v3=49.8 [km/h]
Inverse simulation: accident reconstruction

— Glven measured accident consequences
— Find vehicle speed of collision

Source: From Dr. Xaioyun Zhang
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Methodology: Model

Direct simulation equations ’yl = ¢(x)
y = g(x) Y2 = g2(x)
X = (Xunknaxknaxunc)
Unknown input Xunkn — (xunkn,laﬂ-vxunkn,nl)
Precisely known input Xin, = (iUkn,h---,CUkn,nz)

Random known input x... = (:Eunc’l,...,a:um,n?))
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Methodology: Task and Approach

Given: CDF Of xunc’z- (Z — 1, .. .,713) Func,z-(a:),
Xkn — (xkn,la---axkn,ng );
Y = (Y1,-++Ym), and

8() = (91()5--- gm ("))
Find:  CDF of 2 ( = 1,..+,71) Fiyn, ()

e Assume a unique solution

» Use First Order Reliability Method
(FORM) for the CDF

e Use optimization
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Methodology: Challenge and Solution

* Challenge: double loop W |

v
Direct simulationg(x) |[¢———

. Generate a
1 SU.b_]eCt to new set of x
o 1 N.
Lunkn — 9 (Xunknaxkn7T<u)) >z @
‘ Y.
X

Outer loop: CDF evaluation Embedded inner loop:
(reliability analysis FORM) Inverse simulation

[ min 0 = Hu”
u

« Solution: combine the two loops —
single loop
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Methodology: Single Loop

o KKT conditions
— Single loop
solution =
Double loop
solution

e Much more
efficient

(110, Xunkn,())

(11, Xyunkn ) = (110 » Xunkn,0 )

A 4

Direct simulation to
calculate equality
constraints

y = g(xunknaxknaT(u))

Generate a
new set of

(11, Xunkn)
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Example: Particle Impact

e A hits B with v,,

o After Impact
— Arebounds withd, /|
— B slides with d; —
e Task of inverse simulation
— What are v, and vgy ?
—d, and dg are measured (observed).
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Problem Formulation

e Direct simulation

y = g(Xunkn7an7Xunc)
e Unknown input

Xunkn = (UAOavBO)
e Known input

Xin = (my,mp,h,0)
 Random input
Xune = (&, ;) = (coeff of restitution,coeff of friction)
e Output
y = (d4,dp) = (0.582,0.708) m 1
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Results

* V,o: Mean =10.16 m/s, std =1.22 m/s
* Vgo: Mean = 1,06 m/s, std =0.46 m/s
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Conclusions

e As direct simulation, inverse simulation
also has uncertainties.

* Considering uncertainty gives more
Information
— Distribution
— Mean and Std

 The proposed method is efficient.

 May not be accurate for highly nonlinear
simulation models.
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Future Work

 \We are working on more advanced
methodologies

— More general problems
— Maximum likelihood
e Vehicle accident reconstruction

— Commercial crash simulations
— Real accident cases

14



	A Reliability Approach to Inverse Simulation Under Uncertainty
	Outline
	Inverse Simulation
	Example: Inverse Kinematics
	Example: Accident Reconstruction
	Methodology: Model
	Methodology: Task and Approach
	Methodology: Challenge and Solution
	Methodology: Single Loop
	Example: Particle Impact
	Problem Formulation
	Results
	Conclusions
	Future Work

