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Summary of the dissertation 

 

A popular class of nonlinear systems is the block-oriented structure. It is 

composed of series and/or parallel connections of both static nonlinearity (N) and 

linear dynamical block (L). The Wiener-Hammerstein (W-H) system is an L-N-L 

structure which is linearized into a single cascaded transfer function by Best 

Linear Approximation (BLA). The Auto-Regressive-Moving-Average modelling of 

the BLA consists the numerators of m zero(s) and the denominators of n pole(s). 

As two LTI blocks are cascaded into the BLA, a pole/zero can be either from the 

first dynamic or the second dynamic. The standard technique makes 2m+n 

possible unique guesses of the LTI blocks configuration, proceeded by an 

estimate of the nonlinearity. These parameter should be further optimized to 

minimize the output error. This computationally intensive task can be speed-ups 

by proposed Spearman Correlation based technique. Assume a guess of the LTI 

blocks from the BLA are G1 and G2 for the input-output (u,y). If there is a 

monotonic nonlinearity between p=G1(u) and q=G2
-1(y), the Spearman 

Correlation will be high. 

The random forest can further speed-ups the computation by suggesting a single 

model for optimization. Each possible model configuration is a tree in the forest 

and its performance is measured on the out-of-bag Prediction Error (PE). After 

growing a user-defined number of trees in the Forest, half of the trees are 

removed, performing less than the median PE. If there is a B number of trees in 

the forest then this iterative procedure converges at log2(B)+1 iterations. Finally, 

the proposed theory is assessed on an electrosurgery application. The current 

flow induces a voltage due to the bio-impedance of the biological tissue. 

Although the nonlinearity is weak, the goodness of fit improves by 5.85% using 

W-H system compared to linear system. 
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