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In this paper the effect of artificial noise on the performance of nonlinear system identification method 
in reconstructing the response of a cantilever beam model having local nonlinearity is investigated. For 
this purpose, the weak form equation governing the transverse vibration of a linear beam having a 
strongly nonlinear spring at the end is discretized by using Rayleigh-Ritz approach. Then, the derived 
equations are solved via Rung-Kutta method and the simulated response of the beam to impulse force is 
obtained. By contaminating the simulated response to artificial measurement noise, nonparametric 
nonlinear system identification is applied to reconstruct the response. Accordingly, intrinsic mode 
functions of the response are obtained by using advanced empirical mode decomposition, and nonlinear 
interaction model including intrinsic modal oscillators is constructed. Primary results show that the 
presence of noise in the response highly affects the sifting process which results in extraction of 
spurious intrinsic mode functions. In order to eradicate the effect of noise on this process, noise signals 
are used as masking signals in the advanced empirical mode decomposition method and intrinsic mode 
functions corresponding to the noise are extracted. Based on this approach, the dynamic of the noise in 
the response is identified and noise reduced signals are reconstructed by the intrinsic modal oscillators 
with suitable accuracy. 
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Fig. 1 Cantilever beam with a non-linear spring attached to the end 
1   
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Table 1 Natural frequencies of the linear system in comparison with 
analytical values 
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Fig. 2 Vibration response of the cantilever beam without local non-
linearity,  = 0 
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Fig. 3 Noise contaminated vibration response of the cantilever 
beam without local non-linearity,  = 0, SNR = 20 dB 
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Fig. 4 Vibration response of the cantilever beam with local non-
linearity,  = 106 

4  = 106  

  

Fig. 5 Noise contaminated vibration response of the cantilever 
beam with local non-linearity,  = 106, SNR = 20 dB 
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Fig. 6 The first intrinsic mode function of the system with local non-
linearity,  = 106 
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Fig. 7  The second intrinsic mode function of the system with local 
non-linearity,  = 106 

7  = 106  

  

Fig. 8  The  third  intrinsic  mode  function  of  the  system  with  local  
non-linearity,  = 106 
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Fig. 9 The first intrinsic mode function of the system with local non-
linearity in the presence of artificial noise,  = 106, SNR = 20 dB 
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Fig. 11 The first three intrinsic mode functions with frequency behavior 
similar to noise for the system with local non-linearity in the presence 
of artificial noise,  = 106, SNR = 20 dB 
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 = 106SNR = 20 dB  

  
Fig. 12 The first intrinsic mode function of the system with local non-
linearity in the presence of artificial noise after extracting three 
functions of cn,i ,  = 106, SNR = 20 dB 
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cn,i   = 106SNR = 20 dB  

  
Fig. 13 The second intrinsic mode function of the system with local 
non-linearity in the presence of artificial noise after extracting three 
functions of cn,i ,  = 106, SNR = 20 dB 
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Fig. 10 The second intrinsic mode function of the system with local 
non-linearity in the presence of artificial noise,  = 106, SNR = 20 dB 
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Table 2 Signal to noise ratios of five different vibration responses after 
implementing noise reduction in comparison with wavelet method 

SNRa (dB) 
SNR (dB)  

  ]33[   

8.56 13.92  5 1 
13.99 18.26 10 2 
17.97 22.76  15 3 
19.27 25.96  20 4 
19.70 27.69  25 5 

  

 
)32(  ( ) + 2 ( ) + ( ) = ( ), = 1,2, … ,6 

 
 

 )  .32(i 
ii 

 ]34[   
  .F 

i  ]26[:  
 

)33(  ( ) = Re{ ( ) }, = 1,2, … ,6 
 

i 
  .   ) 23)  (32)  (33(

   
 

)34(  ( ) = 2[ ( ) + ( )] + 2 ( )  

 
106 108 

20 dB  .

 26.05 25.28  
  .

  ." 15 16" 
 .   

   

6 -    

      .             

  
Fig. 15 Noise reduced acceleration of the beam end point in 
comparison with reconstructed signal for  = 106 
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Fig. 14 The simulated acceleration of the beam end point in 
comparison with noise contaminated and noise reduced signals 
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Fig. 16 Noise reduced acceleration of the beam end point in 
comparison with reconstructed signal for  = 108 
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