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Chapter 7     Nonlinear multivariate statistical analysis  

 

7.1 Nonlinear PCA (NLPCA) 
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   1989).  

 

        The NLPCA is basically a standard feed-forward NN with 4-layers of 

transfer functions mapping from the inputs to the outputs.    

 

    

 

  
 

  Fig. 1:   
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  In Fig.1, the transfer function 1f  maps from x, the input column vector of 

length l, to the first hidden layer (the encoding layer), represented by )( xh , a 

column vector of length m, with elements 
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is the identity function, and m=1, then (11) implies that all 'ix  are linearly  
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Example1: 

 

 
 

 

Example2:  
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7.2  Nonlinear complex PCA (NLCPCA) 

 

 
   the wind (u,v) can be analyzed by applying CPCA to w=u+iv (Chap. 4).    

   In the second type of application, a real time-varying field can be  

   complexified  by the Hilbert transfer and analyzed by CPCA, often called  

   Hilbert PCA (Chap. 5) to distinguish from the first type of application. 

 

   Earlier this chapter, we have examined a feed-forward NN for performing  

   Nonlinear PCA. In this section, we will discuss how the same approach  

   can be applied to complex variables, giving rise to nonlinear complex PCA.   

 

   The NLCPCA model uses basically the same architecture (Fig. 1) as the  

   NLPCA model as discussed above (with three layers of hidden neurons  

   where the middle layer is the bottle-neck layer), except all the input  

   variables, and the weight and offset parameters are now complex-values.  

      

   The cost function is defined as  
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spect to the real and the imaginary parts of the weights. All the weights  

(and offsets) in the model are combined into a single weight vector w.  

Hence the gradient of the objective function with respect to the complex  

weights can be split into  
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7.3 Nonlinear singular spectrum analysis  

 

In Chapter 5, we have learned that by incorporating time lagged version of 

the dataset, the PCA method can be extended to the singular spectrum 

analysis (SSA) method. We have also learned earlier in this chapter, that the 

leading PCs of a dataset can be nonlinearly combine by an NN to produce 

nonlinear PCA. We will see in this section that the leading PCs from an SSA 

can also be nonlinearly combined to produce nonlinear SSA (NLSSA).  

 

The NLSSA procedure is as follows. First SSA is applied to the dataset as a 

prefilter, and after discarding the higher modes, we retain the leading SSA 

PCs,  ],...,[)( 1 lxxtx = , where each variable l)1,...,(i  , =ix , is a time series of 

length n. The variables x are the inputs to the NLPCA model.  For details,  

See Heish’ s paper. 
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7.4   Nonlinear canonical correlation analysis (NLCCA) 

 

 

              (17) 

 
   between  u and v, is maximized (see chapter 4). For NLCCA, the nonlinear  

   maps f and g, and their inverse maps, are replaced below by nonlinear  

   mapping function using NNs. 

 

 
   NN on the left hand side of Fig. 2.   

 

 

 
 

Fig.2 
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  y.   

 

 

 By minimizing the cost function ),( vucorJ −= , one finds the parameters   

which maximize the correlation cor(u,v). After the forward mapping with 

the double-barreled NN has been solved, inverse mapping from the 

canonical variates u and v to the original variables, as represented by the two 

standard NNs on the right of Fig. 2, are to be solved, where the NN of their 

outputs 'x  and 'y  are minimized with respect to x and y, respectively. 

 

In Fig.2, the input x and y are mapped to the neurons in the hidden layer: 
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On the right side of Fig. 2, the top NN maps from u to 'x  in two steps: 

 

 
                                                                                                                   (21) 

 
 

   Similarly, the bottom NN on the right side of Fig. 2 maps from v to 'y : 
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Example:   
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Fig.3  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


