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Introduction 

• Power Converter [1] 
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Introduction 

• Electromagnetic Compatibility [2] 
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Introduction 

 LISN (Line Impedance Stabilization Network) 
 

Output: FFT(V) 
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Introduction 

 
 LISNs are multi-line low pass filter networks used for 

conducted emissions measurement. They are placed 
between the power mains and the EUT (Equipment Under 
Test) to stabilize line impedance, provide a 50 ohm RF 
connection, and eliminate unwanted RF signals from the 
line supply [3]. 
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Introduction 

 Circuit Simulator (SimPower, SABER, SPICE, …) 
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Introduction 

 Do we really know the exact values of the components? 
 

What about production dispersion? 
 

 And ageing, temperature, humidity, etc. ? 
 

 How do we take all these phenomena into account? 
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What exists already 
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Monte Carlo Simulation 

 Determine the Probability Density Function (PDF) of each 
unknown parameter. 
 

 Generate many (10000 or more) sets of parameters 
following their PDFs. 
 

 Solve the problem for all elements of the previous set. 
 

 Estimate the output PDF (histogram or estimator). 
 

 Estimation of the constant π using Monte Carlo (next) 
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Monte Carlo Simulation 

 
 Advantages: robust and easy to implement. 

 
 Disadvantages: takes a LOT of time. 
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Collocation Methods 

 Unscented Transform, Stroud, etc. 
 

 Choose a few especific values of each parameter to 
simulate. 
 

 Take a linear combination of the output to find the 
average and the variance. 
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Unscented Transform [4] 

Parameters     Output 
R, L, C, …      fft(Vlisn) 

average 
weights ΔU 
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Unscented Transform [4] 
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Unscented Transform [4] 
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Collocation Methods 

 Advantages: very fast. 
 

 Disadvantages:  
o the result is a variance or other higher statistical 

moments, but not the PDF itself. 
 

o Can’t guarantee precision (Taylor series). 
 

o Becomes slow with large number of unknown 
parameters. 
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What we propose 
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What we propose 

We propose a methodology composed of the following 
steps: 
 

 Output Reduction 
 

 Sensitivity Analysis 
 

Model Reduction 
 

 Transformation of Random Variables 
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Output Reduction 
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Sensitivity Analysis 
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Model Reduction 

 

 

𝑌𝑘 = 𝐺𝑘 𝑋1, 𝑋2, 𝑋3, 𝑋4, 𝑋5, 𝑋6, … , 𝑋𝑛 = 𝐺𝑘(𝑿) 
 
 

 
𝑌𝑘 = 𝐺𝑘 𝑋1, 𝑋4, 𝑋6 = 𝐺𝑘 (𝑿 ) 
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Transformation of Random Variables [5] 
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Transformation of Random Variables [5] 
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Transformation of R. Variables [5] 
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Overview 



34 

Results 
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Results – Sensitivity Analysis 
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Results – Impact of Variables 
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Results – Output PDFs (normal input) 
@20kHz 
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Results – Output PDFs (uniform input) 
@20kHz 
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Results – Confidence Intervals 
99.9% 
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Results – Confidence Intervals 
99.9% 
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Future Research 

 Polynomial Chaos 
(Drawback: not efficient for large N of variables) 

 
 Random Matrix Theory (Edelman 2005) 

 
 Heaviside and Dirac Generalized Functions 
(Shamilov 2006) 
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