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• Assess efficacy of selected Nonlinear System 
Identification methods and understand their range of 
applicability 

• Investigation of simulated test cases as well as 
experimental data

Objective



Motivation
• A number of methods for nonlinear system identification in both time 

and frequency domain has been developed in the past [1] 

• These methods have application to many systems, ranging from 
microscale devices to macroscale systems, sometimes with 
uncertain results 

• The goal is to extend existing nonlinear system identification 
methods to MEMS

• Methods have been selected to deal well with free decay 
measurements

MEMS Device under study [5]
Double-anchored double-ended-tuning-force resonator



Selected Methods
• Restoring Force Surface Method (RFS) 

• Hilbert Transform (HT) 

• Zero-Crossing Methods (ZC)

• Direct quadrature (DQ)

• Short-Time Fourier Transform (STFT)



Simulated Case
• The chosen Duffing oscillator is widely 

used to validate identification methods

• Parameters:



Results for simulated cases



Results for MEMS Data 





Conclusions
• Simulation

– Detection as well as characterization of non-linearity and parameter estimation 
work with all discussed methods for weak non-linearities

– Differences in coefficients for RFS investigated for the strongly non-linear case 
occur due to the need for differentiation and lacking robustness of estimation 
algorithm

– Differences for the other methods are caused by the fact that they only work for 
‘weak’ non-linearities and some signal processing issues occur

– In presence of measuring noise with low SNR additional smoothing has to be 
applied to the data

• Experiment
– In contrary to [6] the system appears to be asymmetric (based on phase plane 

investigation)

– Asymmetry has not been investigated for MEMS Devices

– Time-frequency methods fail due to the asymmetry

– RFS displays asymmetry in displacement

– HVD and modified ZC can detect the asymmetry
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