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Abstract—For the purpose of research, modelling and simulation of control plants, linear models are commonly used. There
are many methods of creating linear models of plant dynamics.
Artificial intelligence methods are used in many areas of science
and technology. There are also several known applications of
artificial intelligence in automatic controllers. The authors have
developed a method of linear modelling by means of evolutionary algorithms, which enable searching for optimal values of
the transfer function coefficients. For a method validation, an
experiment with a real thermal plant was conducted. Ths paper
presents identification of a linear transfer function of a thermal
plant.

I.

I NTRODUCTION

For the purpose of research, modelling and simulation of
control plants, linear models are most often used. There are
many methods of creating linear models of plants dynamics
[1], [8], [9], [10]. There are many methods for the identification of dynamic parameters as well. The dynamics of
every linear model is very close to the real plant dynamic,
but never identical. The difference is caused by linearization
in the method and the nonlinearity of a real plant. Artificial
intelligence methods are used in many areas of science and
technology. There are several known applications of artificial
intelligence in automatic controllers [2], [3], [4], [5]. The
authors have developed a method of linear modelling using
evolutionary algorithms, which enable searching for optimal
values of the transfer function coefficients. For a method
validation, experiments with a real plant were conducted.

where:
fT - target function,
x - vector of searched values of the transfer function
parameter,
δi - projection error at point i,
n - number of points where projection errors are calculated.

The target function is the sum of the absolute values of the
projection errors δi . The example projection error at a given
point is the difference between the values of the imagined real
plant response and the linear model response at that point.
The considered responses of the real plant and the linear
model are generated by the same shape and values of input
signal. A projection of the errors is shown in figure 1 with
the step responses of a real plant and a linear model. The blue
continuous line represents the real plant and the red dotted line
represents the linear model.

II. T HE CONCEPT OF USING EVOLUTIONARY
ALGORITHMS FOR THE IDENTIFICATION OF TRANSFER
FUNCTIONS
The fundamental idea behind the method is searching for
the optimal parameters of a given transfer function. During the
optimisation process with evolutionary algorithms a search is
made for the extreme values of the target function. The first
step of the method is preparation of the target function, which
should optimise the transfer function parameters. Genetic algorithms search for the minimum of a target function, being the
optimal value of a linear model’s transfer function parameter.
For the proposed method the target function fT is described
by the following equation:
∑ |δi |
→ min
(1)
fT (x) =
n
n

Fig. 1.

Projection errors between the real plant and linear model.

The optimisation process of the target function means
seeking for values in the linear model which give the lowest
sum of the error’s absolute values given by the equation (1).
In the case of an ideal linear model, the curves of the real
plant and the linear model overlap. In the case of a difference
between the real plant and its linear model, the lines will never
overlap. Thus the target function value for an optimal solution
should tend to be close to zero.

TABLE I.

L IST OF PHYSICAL VARIABLES IN THE TEMPERATURE
CONTROL SYSTEM

No
1

Signal
TSP (t)

Variable Alias
TSP (k) uiT emperatureSP

2

UT (t)

UT (k)

aiT emperatureP V

3

UV (t)

UV (k)

aqV oltageCV

III.

Description
A
value
corresponding
to a temperature
exception. Signal
range <20, 100>
[oC]
A
voltage
corresponding
to
the
current
temperature. Signal
range <0, 10>
[VDC]
A
voltage
corresponding
with the current
heater
efficiency.
Signal range <0,
100> [%]

Type
[INT]

parameters were stored: input data and the plant response.
The input data is the supply voltage of the heater, the plant
response is the difference between the temperature inside the
plant and the outside temperature. Figure 3 shows graphs of
the temperature changes during step response measurements
based on two independent experiments.

[INT]

[INT]

T HE VERIFICATION METHOD

The presented method was validated using a real plant
i.e. an electrical furnace as shown in figure 2. For this plant,
step response measurements were conducted. Then, using the
measurement data, the transfer function of a linear model was
sought using the GATOOL toolbox in the MATLAB software.

(a)

(b)
Fig. 3.
Fig. 2. A general scheme of the temperature control system with the identified
thermal plant.

A. The real plant
The examined plant i.e. an electrical furnace as shown
in figure 2, is controlled by means of a typical industrial
programmable controller, in this case a GE VersaMax Micro
device. The control signal UV (t) is an input of the actuator
which consists of two elements : a phase inverter and an
electric heater. The phase inverter enables smooth control
of the heat stream generated by the heater. The temperature
TP V (t) inside the heat chamber is measured by means of a
type K thermocouple and the signal UT (t) from it is introduced
via a GE UEX626 expansion module. Both aiT emperature
and aqV oltage variables are digital representations of the
process and control values respectively. In table I a description
of the signals and their corresponding variables is given.
For the real system shown in figure 2 two step response
measurements were conducted and recorded in CSV files. Two

Step response of the thermal plant.

The step voltage value was set as 60V, as shown in
the graph, the real voltage was a little bit lower. As the
measurement values are used for identification, the difference
between the set and the real voltage values has no influence
on the identification process.
B. The linear model of the thermal plant
Figure 3 shows that the identified thermal plant can be
considered as a second order inertial plant. Thus for the
analysed thermal plant, the linear transfer function G(s) has
the following form:
G(s) =

k
(1 + sT1 )(1 + sT2 )

(2)

where:
k - static gain,
T1 , T2 - time constants, representing the inertia of the plant,
The transfer function G(s) includes the dynamics of the heater
and heat capacity of the plant construction elements. The

TABLE II.
No
1
2
3

R ESULTS OF THREE OPTIMISATIONS .

Fitness function value
7381.11545181559
7381.114913920337
7381.300619090896

k
0.36057
0.36057
0.36053

T1
25.12551
25.13722
25.23042

T2
69.07572
69.06421
68.94799

static gain k refers to the power of the heating unit, and time
constants T1 and T2 are related to the heat capacity.
C. Identification process
Using measured data shown in figure 3, a linear model
searching process was conducted. The calculation was made
using the GATOOL genetic algorithms toolbox in MATLAB
software. Optimisation of the fitness function minimises the
projection errors given in equation (1). The vector (3) of the
arguments x for the fitness function consists of three elements
: parameters of the transfer function given in equation 2.
x = [k, T1 , T2 ]

(a)

(3)

In this case we search for optimal solutions in a 3 dimensional
space. Due to having data from two tests of the real plant,
the fitness function is the sum of the modelling errors from
both tests. Figure 4 shows the parameters of two independent
optimisations in the GATOOL toolbox. The pictures show
two parameters for each generation: average distance between
individuals and fitness values of the target function. Fitness
values are shown for the best individuals and average values
for each generation. Fitness values for low generations in the
beginning of the optimisation were deleted from the charts in
case of really high values. The high values cause flat residuals
in the chart. As shown in figure 4, for both optimisation
processes the final best fitness values are comparable.

(b)
Fig. 4.

Parameters of two independent optimisations.

Fig. 5.

Step response of the real plant and linear model 1.

As shown in figure 4, main minimisation was done in the
initial 100 generations. The next generations were to precise
optimal values. Charts of Average Distance Between Individuals show the precise process. With the increasing number of
generations the average distance becomes smaller and smaller.
In the initial generations the distances were very high in the
case of very widely spread fitness function values. And in later
generations they were more and more uniform. This means
that the optimised populations are convergent. Table II shows
the results of three independent optimisation processes. Fitness
function values are similar and received values of the transfer
function parameters are also very close.
Each row in table 1 shows the fitness value of the target
function and the obtained parameters are coefficients of the
linear transfer function given by equation 2. For transfer
functions simulations of a step response were conducted. The
values of step signal and simulation time were taken from
measurement data of identification process shown in figure
3. Figures 5-7 show step responses of the real plant and a
successive linear model with parameters given in table II .
In every step chart, the characteristics of the real plant and
the linear model are a little different, but the similarity of the
obtained linear models to the real plant is satisfactory. The
models can be treated as the accurate and used for simulations
in different working conditions.

IV.

C ONCLUSIONS

The suggested optimisation method of the transfer function parameters uses evolutionary algorithms. It is commonly
known that evolutionary algorithms do not guarantee that the
final effect of the optimisation process reaches the best value.

Fig. 6.

Step response of the real plant and linear model 2.

will allow a PLC controller to identify the dynamics of the
controlled plant and find an optimal structure of the PID
controller [3], [4] or another type of control algorithm [2]. The
dynamics of real plants are changeable due to their internal non
linearity, so the PLC controller can update the model and the
structure of the control algorithm. The main shortcoming of
the presented method is the long calculation time of genetic
algorithms. The computing power of modern processors is still
growing, so correctly optimised calculation code on a fast
processor can considerably minimise optimisation time. As
shown in figure 4 the beginning period (initial two or three
hundred generations) is most important for the optimisation,
the next generations improving the accuracy of the model.
Then the number of generations can be decreased based on the
acceptable accuracy of the obtained model. Cloud computing
is another method for time calculation reduction. Modern PLC
controllers have real time data recording and can be linked with
a global network i.e. Internet. Then the measurement data can
be send to the cloud servers and a current model of the plant
returned.
Future experiments with the suggested method will be
based on a paint spray booth as a controlled plant [6]. The
spray booth is a plant with much more sophisticated dynamics
than the described thermal plant. The identified transfer function has more parameters and it is currently being evaluated.
Spray booths equipped with heat recovery units are much
more complicated due to heat recovery efficiency losses [7].
In the current stage of development, this method finds values
of parameters of the transfer function suggested by a user.
The next step will be the development of an algorithm able to
recognise the type of the plant and find the transfer function
and, finally, to search for the transfer function parameters.
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Fig. 7.

Step response of the real plant and linear model 3.

But by using evolutionary algorithms we have the opportunity
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