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THE HAMMERSTEIN AND WIENER MODELS IN NONLINEAR PROCESS CONTROL

BABIK, Z[denek] & DOSTAL, P[etr]
Abstract: The application of Hammerstein and Wiener models
in controling of nonlinear systems is described in this paper.
The pole placement methods are used for designing of timediscrete controllers. Equations which are used for design are
presented too. This method has been tested by simulations in
program MathWorks MATLAB 2010b.
Key words: nonlinear control, Hammerstein and Wiener
models, static nonlinearity, nonlinear system

(4)
The H-models can describe many different processes,
especially if their main nonlinear behavior is caused by
actuators (dead zone, saturation, etc.).
The W-models are appropriate for systems whose outputs
are measured by sensors with nonlinear characteristic or for a
controller design.

3. BASIC PROCEDURE OF DESIGN

1. INTRODUCTION
The control of nonlinear processes is an area of process
control theory which is examined much fewer than classical
linear control theory. But in practice, the most of real processes
have nonlinear behavior and their linearization is possibly only
in a near neighborhood of an operating point. These processes
can be controlled by linear PID or polynomial controllers with
many limitations; and also their control quality is not an
optimal.
One solution of this problem which is based on the fact that
many real processes can be factorable – they are consisting
from nonlinear static parts and linear dynamic parts - is
presented in this paper. On the basis of their mutual position
Hammerstein or Wiener model can be distinguished.

In Fig. 3, we can see a schematic illustration of the basic
procedure which can be used for linearizing of non-linear
processes.

Fig. 3.Closed control loop with controlled
Hammerstein type and controller of Wiener type.
If we choose

system

of

then we can write (from Fig. 3):
(5)

2. HAMMERSTEIN AND WIENER MODELS

From formula (5) we can make the following finish: If we
can describe the nonlinearity and if it can be inversible
(minimally partly) then we have to study only the properties of
the linear dynamic of controlled system for a design of
controllers.

In Fig. 1 and Fig. 2, we can see a basic Hammerstein and
Wiener models.

4. DESIGN OF CONTROLLER
The linear dynamic part will be assumed in form
Fig. 1. Hammerstein model of nonlinear system

(6)
where:
– gain, ,
- time constants. This transfer
function will be transformed into the second order discrete
system:
(7)

Fig. 2. Wiener model of nonlinear system
The basic Hammerstein model
is a cascade structure of
nonlinear static block and linear dynamic block which can be
described by next formulas:
(1)
(2)
The basic Wiener model
is a cascade structure of the
linear dynamic block and nonlinear static block which can be
described by next formulas:
(3)

Transfer function of controller will be assumed in form:
(8)
From (8), we can establish the difference formula for
computation of a control action:
(9)
For the control transfer function of the closed control loop
we can write:
(10)
The denominator of (10) is called as a characteristic
polynomial. By the choice of the characteristic polynomial:

0666
(11)

where:
- circular frequency, - damping ratio
The transfer function of controller:
(23)

in the condition polynomial formula:
(12)

Control process:
Controlled Outputs

we establish the poles of transfer function (10). We can
affect the control quality by the pole placement.

AND

ITS

The static nonlinearity of controlled system we will be
assumed in form (look at the Fig. 4):

w - controlled intput
3

2
w(t), y l(t) y n(t), y o [-]

5.
STATIC
NONLINEARITY
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4
y l - linearized system
y n - nonlinear system
y o - linear system
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Fig. 5. Controlled outputs
Control actions
4
ul - linearized system
3

un - nonlinear system
uo - linear system
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Fig. 6. Control actions
Fig. 4. Static non-linearity

7. DISCUSSSION

For the best linearization of nonlinearity (13) we must
consider the following manner:
– The saturation of the control action we cannot
compensate but we should include it into the
computation of the control action.
– The dead zone of the control action we can
compensate in the following way:
(14)
(15)
For the control action computation had to be used the
values of
, we cannot use the linearized values of

.
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Controlled-system and controller parameters:
The time-continuous transfer function:
(16)
The discrete transfer function for the sampling period
:
(17)
The non-linearity parameters:
,
,
,
The characteristic polynomial

The following truth could be said from the measured data
which are displayed in Fig. 5 and Fig. 6: The process control
quality was manifold better when the linearizing discrete
feedback controller was used, than the classical discrete
feedback controller was used only.
On the other hand, there exist some restrictions: This
method can be used only for the factorable systems and the
basic version of this method is non-universal – for each process
must be designed the special nonlinear feedback controller.
The universality of this method must be increased by future
research. One possible way is using of methods from genetic
programming field or from neural network field.

,

,

(18)

:
(19)

where:
for

(20)

for

(21)
(22)
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