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Recursive Identification Methods for a 

Hammerstein System  

Wentian Liu  

College of Automation and Electrical Engineering, Qingdao University, Qingdao, 266071, China  

 

Abstract: The maximum likelihood algorithm has extensive applications in dynamic nonlinear systems with 

colored noise. This paper proposes recursive identification methods based on maximum likelihood algorithm 

for a multivariable Hammerstein system with controlled autoregressive moving average noises. The result 
from simulation indicates that the estimates of system are consistent with their true values and the proposed 

methods have well stability, feasibility and validity. 

Keywords: Maximum likelihood; Multivariable; Hammerstein  

 

1. Introduction  

The research on modeling identification [1] of linear sys-

tems is formulated perfectly at present. Since non-linear 
factors cannot be avoided in practical systems, and large 

errors are existed in the using linear identification meth-

ods analyzing non-linear systems, researches on the non-

linear systems are getting more and more attention by 
domestic and foreign experts and scholars. Hammerstein 

system [2] is a kind of modular nonlinear system model 

where a nonlinear static sub-module is followed by a 

linear dynamic sub-module, which can effectively re-
flecting the dynamic characteristic of most practical sys-

tems, and has been widely applied in the fields of mili-

tary, astronomy, socioeconomic, space, and communica-

tion [3]. 
Many identification methods for Hammerstein systems 

have been presented, including recursive identification 

methods, iterative identification methods, instrumental 

variable methods, and blind identification methods. For 
example, Laurain et al. proposed instrumental variable 

methods for a Hammerstein model with a Box-Jenkins 

linear part; Bai et al. studied iterative algorithm to identi-

fy Hammerstein models with independent identically 
distributed inputs and presented a blind identification 

approach for a Hammerstein-Wiener model with a gen-

eral nonlinear structure ; Narendra et al. developed an 

iterative method for nonlinear systems using a Hammer-
stein model in the presence of noise ; Voros et al. de-

signed an iterative method for parameter identification of 

Hammerstein systems with two-segment nonlinearities 

and presented recursive identification methods for Ham-
merstein systems with discontinuous nonlinearities con-

taining dead-zones . 

Different from the conventional identification methods 

[4-5]. The estimators of the parameters by using the 
methods have good statistical properties, e.g., consisten-

cy, asymptotic normality, validity, etc. This paper pro-

poses recursive identification methods based on maxi-

mum likelihood algorithm to obtain parameter estimation 

values of a multivariable Hammerstein controlled auto-

regressive moving average system by decomposing the 
system into m (m is the number of the system output ) 

subsystems which are easier to identify [6]. 

The rest of this paper is organized as follows. Section 2 

gives the system description and identification mode of 
the multivariable Hammerstein CARMA system. Section 

3 introduces the maximum likelihood principle and de-

rives recursive identification methods based on maxi-

mum likelihood algorithm for the Hammerstein CARMA 
system. Section 4 provides a illustrative example to con-

firm the validity of the proposed method. 

2. System Identification Model 

Let us introduce some notations. The superscript denotes 

the matrix/vector transpose; the symbol stands for an 

identity matrix of appropriate size [7].Consider the fol-

lowing multivariable Hammerstein CARMA system in 
Fig. 1 : 

 1
u t

 1 1
f u

 1u t

 D z

 v t

 2
u t

 2 2
f u

 2u t

 r
u t

 r r
f u

 ru t

 B z  A z
 v t



 

Figure 1. The multivariable Hammerstein CARMA system 

3. The Recursive Identification Methods 

based on Maximum Likelihood Algorithm 

research 
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For a set of measurements 

      : 1 , 2 , ,N u u u N   u  and 

      : 1 , 2 , ,N y y y N   y , the joint probability 

density function 
  1jN jj N

p


y u θ,  ( 1, 2 , ,j m ) is 

just a function to 
jθ  and thus the likelihood function 

  1j jN jj N
L


y u θ,  ( 1, 2 , ,j m ) equals the joint 

probability density function 
  1jN jj N

p


y u θ, . In addi-

tion, the measurements  ,N Nu y  and the parameter vec-

tor 
jθ  are unrelated with  jv t , the likelihood function 

  1j jN jj N
L


y u θ,   can be written as: 

     

         

      

           

1 1

1 1 1 1

1 1

1

1 1 1

, ,

                          , , ,

                          , ,

                          , , ,

jN j jN jj N j N

jN j jj N j N j N j N

N

j jj t j t

t

T

ij j j jj t j t j t

L y u p y u

p y y u p y u

p y t y u

p B F t i c t y v t y u

 

 



 

 

   

 



  







   



11

bnN

it 

 
 
 


 

According to the maximum likelihood principle [8-9], the 

maximum likelihood estimate of makes ,then the recur-
sive identification methods based on maximum likeli-

hood algorithm for the multivariable Hammerstein 

CARMA system can be summarized as： 

       ˆ ˆ ˆ1j j j jt t t v t  θ θ K  

The flowchart of computing the parameter estimates 

 ˆ
j tθ  in the algorithm is shown in Fig. 2. 

4. Example 

Consider the following multivariable Hammerstein 
CARMA system: 

 A z t z t D z (t y B u v( ) ( ) ( ) ( ) ) 

 
 

 
 

 

 

1 1

2 2

,
y t v t

t t
y t v t

   
    
      

y v  

 
 

 

   

   

   

   

2 2

1 1 1 2 1 1 1

2 2

2 1 2 2 2 2 2

0.32 0.59

0.32 0.59

u t c u t c u t u t u t
t

u t c u t c u t u t u t

     
      

           

u  

  1 2 1 2

1 21 1 0.35 0.22A z a z a z z z        
 

  1 2 1 2

1 1

1.43 0.70 0.38 1.37

0.35 1.43 0.93 1.59
z z z z z   

    
      

    
B B B

 

  1 2 1 2

1 21 1 0.09 0.10D z d z d z z z        
 

In simulation, the input   tu  is taken as an uncorrelat-

ed stochastic signal sequence with zero mean and unit 

variance,   tv  as a white noise sequence with zero 

mean and variances 2 21.00   and 2 22.00  . We 

adopt the data length , applying the algorithm presented 

in this paper to estimate the parameters of the systems, 

From the simulation results in , we can draw the follow-
ing conclusions: 

As the length of data increases, the errors of the parame-

ter estimates decrease and tend to zero.  

The algorithm has a high convergence speed, and the 
smaller noise variance, the faster convergence rate is. 

start

Collect u(t) and y(t)

Initialize:t=1

 ( ), ( )  y(t)y jiCompute v t y t and
 

  ( ), ( )jfj jfForm t h t and y t
  

 ( ),  F(t) and P ( )j jCompute v t t


 ( )jUpdate t


1t t 

 

Figure 2. The flowchart of computing the parameter 

estimates  ˆ
j tθ  

5. Conclusion 

Recursive identification methods based on maximum 
likelihood algorithm for the multivariable Hammerstein 

controlled autoregressive moving average systems are 

proposed in this paper. The simulation result shows that 

the proposed methods could precisely identify the esti-
mates of the system with colored noises. Also, their use 

will be further promoted and they will benefit in more 

fields by combining other identification methods. 
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