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RELEVANCE OF USING CONTROL SYSTEMS BUILT ON THE BASIS
OF A FUZZY LOGIC APPARATUS FOR CONDENSATION DRYING
OF FRUIT AND VEGETABLE RAW MATERIALS USING
THERMOELECTRIC HEAT PUMPS

Summary. A special problem in the field of automation is the control of
objects whose functions are described by nonlinear dependencies. When
designing control systems for nonlinear objects, methods such as linear
approximation or piecewise linear approximation are usually used. However,
the application of these methods in real technical devices does not always
achieve the desired effect.

Thus, in the presence of significant uncertainties in the static and dynamic
characteristics of the drying chamber as a control object, it is difficult to
formalize the tasks of synthesizing control system regulators. In this regard, the
use of controllers based on fuzzy logic is appropriate (relevant).

The main advantage of the fuzzy approach is the possibility of forming a
number of control rules depending on the combination of values of the input
variables of the controller and, consequently, on changes in the operating mode
and the level of disturbances.

In this paper, we have developed a model of an ATS with a fuzzy logic
controller where the object for this case has nonlinear static characteristics. The
development of the fuzzy logic controller is based on 5 rules of operation of the

tabular representation. The membership functions of fuzzy sets have been
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defined. The fuzzy output algorithm was chosen as Sugeno of order 0. According
to the characteristics of the fuzzy controller, the initial data for the formation
and study of the neural network were determined, for further use as a neuro-
regulator. The modeling resulted in the transient processes of the ACS with a
fuzzy logic controller and a traditional PID controller.

The use of a control system built on the basis of a fuzzy logic apparatus
for a condensing dryer using thermoelectric heat pumps is possible when using
incomplete information on the mathematical description, or the control object is
not stationary.

Key words: object control, nonlinear static response, condensing dryer,

thermoelectric heat pump, fuzzy logic, neural controller.

Introduction. Fuzzy control is effective under conditions of uncertainty
of information about the dynamic behavior of complex control objects. For
technical systems with a random nature of the disturbing influence, the
complexity of developing a dynamic model, its high order, and nonlinear nature,
we can talk about the problem of control under uncertainty. The use of fuzzy
controllers provides coarseness and stable convergence of processes, so this
approach should be considered appropriate [1].

As an advantage of fuzzy control, one can also note the availability of
modern controller programming systems with built-in fuzzy control libraries that
have a good graphical interface, which very easily and clearly presents and
corrects the type of membership functions and fuzzy inference. This makes it
easier to set up an automatic control system.

To confirm the relevance of using a control system based on the fuzzy
logic apparatus for the control object considered in this paper, it is necessary to
move to its nonlinear model. Thus, the models of control channels of the
considered control object should be characterized by a slightly nonlinear static

characteristic.
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First, let us present the insignificantly nonlinear static characteristic of the
control object to move from the linear model of the control object to the initial
nonlinear one. Representation of a nonlinear model of a control object [2], it is
necessary to add appropriate nonlinear links to the corresponding models of
control channels. The nonlinearity should be realized by including the Look up
Table block in the corresponding model of the control channel.

In the Look up Table block, a nonlinear relationship (dependence)
between the input variables is set in tabular form, which entails a “distortion” of
the static characteristic of the control channel model.

As a result of the modeling, the static characteristic of the model of the
control channel “ul - T of the drying agent at the input, *C” was obtained,
which has the form shown in Figure 1.
T inle't air .(*C).

25
835k --:

57 58

S6 S8 S9
U1 idling percentage

Fig. 1. Nonlinear static characteristic of the control channel model

Figure 1 shows that the static characteristic is insignificantly nonlinear,
which makes it possible to synthesize the ACS with traditional PID controllers
and obtain the required control quality indicators [3].

Taking into account the properties of the drying chamber as a nonlinear
control object, it is advisable to use a fuzzy logic controller (FLC), which has
the properties of a nonlinear controller, in the inlet air temperature control loop.

The use of a fuzzy logic controller (Fuzzy controller) is due to the presence of a

International Scientific Journal “Internauka” https://doi.org/10.25313/2520-2057-2024-6




International Scientific Journal “Internauka” https://doi.org/10.25313/2520-2057-2024-6

nonlinear control object, as well as a complex description of its static operating
modes.

The complexity of describing the static modes of operation of the drying
chamber leads to the fact that the operating modes can be described with
insufficient accuracy due to the fuzzy (blurred) various experimental data [4].
Thus, in the present work, an ATS model with a Fuzzy controller was
implemented.

The fuzzy controller developed in this paper is a combination of three
phase control units on a certain element base: phasing, inference, and
defuzzification. A simplified block diagram of the control system under

development based on a fuzzy controller is shown in Figure 2.

| |
: Knowledge | :
: base :

|
| |
. | 1 .
i . ,
I fazification Solution | defazification .
: [ block *|  block *| block | |
: 4+ fuzzy regulator :
| [

4‘ control object

Fig. 2. Simplified block diagram of a fuzzy logic controller

From the point of view of structure, this controller scheme does not differ
from the schemes of classical fuzzy controllers and is built according to classical
models. All the defined blocks (phasing, logic solution block, defuzzification)
shown in Figure 2 are edited in the corresponding FIS Editor of the MATLAB
environment [5]. To launch the fis-editor window, the command “Fuzzy” was
written in the MATLAB Window commander. After that, the Sugeno algorithm

and two input and two output variables were selected.
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Figure 3 shows the fis-file setup window for the fuzzy controller of the

inlet air temperature in the drying chamber with the corresponding input and

output signals.

M \ / @
input1 pireg output1
(sugeno)
XX — B f(w
input2 Output2
| FIS Name: pireg FIS Type: sugeno |
And method prod = Current Yariable
Or method probor = Name Output2
Implication /—4] Type LI
Range [01]
Aggregation
Defuzzification e ~ | Help Close | |
Saved variable pireg to workspace. |

Fig. 3. The editor window of the fuzzy controller with two inputs and two signal outputs

So far, several fuzzy inference algorithms have been proposed (Mamdani,
Tsukamoto, Larsen, Sugeno, etc.). In this paper, we present the 0-order Sugeno

algorithm, as it is the simplest fuzzy inference algorithm.

Formally, the Sugeno algorithm proposed by Sugeno and Takagi can be

defined as follows.

The rule base uses only the rules of fuzzy products in the form:

rule <> if (ze A, 1yeB,) then, z = f(zy,...,2,).

. (1)
['ule<2> lf (xe Ay lye B,), then.zg=f(xn.--..r,.).

where x, y are input variables, Ai, Bi are fuzzy sets zI=f(x1,...xn) is an

arbitrary crisp function.

If the polynomial f(x)=Ci is used as f, then we speak of a 0-order Sugeno
algorithm. Then the rules will be as follows:
rule <s>- if (ze A, 1yeB,) then, z = C1

rule <2>: if (ze A, 1yeB,) then | 2, = 2

where C1, C2 —are ordinary (distinct) numbers.
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Considering the governance structure, the following five rules for the
functioning of the NLR can be identified in the “if-then” format, as shown above
n:

R1: If the control error e/ belongs to the fuzzy set “large positive PE”
and the increment of the control error del belongs to the set “approximately
zero Z”, then the control action u/ = wl, and the increment of the control action
Aul =w2;

R2: If the control error e/ belongs to the fuzzy set “large negative NE”
and the increment of the control error del belongs to the set “approximately
zero Z”, then the control action u/ = -wl, and the increment of the control
action Aul = -w2;

R3: If the control error e/ belongs to the fuzzy set “approximately zero Z”
and the increase in the control error 4el belongs to the set “approximately zero
7, then the control action u/ = 0, and the control action increment Aul = 0;

R4: If the control error e/ belongs to the fuzzy set “approximately zero Z”
and the increase in the control error 4e/ belongs to the set “large positive PE”,
then the control action u/ = wl, and the control action increment Aul = w2,

R5: If the control error e/ belongs to the fuzzy set “approximately zero Z”
and the increase in the control error 4el belongs to the set “large negative NE”,
then the control action u/ = -wl, and the control action increment Aul = -w2.

In accordance with the above rules, we will compile the knowledge base
tables for the NLR of relative humidity in the drying chamber.

As can be seen from Figure 3, the input of this fuzzy controller will be
two variables — the control error (inputl) and the incremental control error
(input2). For the variable inputl, we define three triangular membership
functions “trimf”. This 1s a simple membership function and is the most
commonly used. The triangular membership function is given by the following

analytical formula:
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0, ¥x<a
- a aix<h
@) = { E B ?{ (3)
bhix<c
C —_
‘D, c<X
[a, c] —range of change of the variable, for the present case a = —21, c

o b — the most possible value of the variable.

According to Table 1 of the database of rules for the functioning of the
regulator, the corresponding rules were written in the window of the editor of
the rules for the functioning of the fuzzy regulator of the MATLAB\Simulink
environment.

Table 1

Knowledge base table for the fuzzy logic controller of the input

temperature to the chamber

(]

A61

NE
( big negative Aer)

z
(APPROXIMATELY ZERO
Ael)

PE
(big positive Ae;)

NE

u; = 0.035;
Au; = 21;

z

u; = 0.035;
Au; = 21;

u;=0;
Auj = 0;

u; =-0.035;
Au; =-21;

u; = -0.035;

PE - Au; =-21; -

All membership functions were defined in the appropriate editor based on
expert data. Figure 3 shows the window for setting the membership functions
mfl, mf2, mf3 to the fuzzy sets of control error ‘“large negative”,
“approximately zero”, and “large positive”, respectively. We also defined the
functions of belonging mfl, mf2, mf3 to the fuzzy sets of the incremental

control error “large negative”, “approximately zero”, and “large positive”, which

are shown in Figure 4.
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When defuzzifying the original variables, a modified version in the form
of the center of gravity method for single-point sets is used according to the

following formula:

Z(ai'ci)

i=1

ymz n
Z;(ai)

@

where n is the total number of active fuzzy product rules, in our case — 5

rules;
- is the value of the degrees of truth of all conclusions of fuzzy product
rules using the min-activation method.

File Edit View
FIS Variables Membership function plots  Plot paints: 181
T T T T T T T
mf1 mf2 mf3
T
input1 output1
&
0s
input2  Output2
0 - n N
-08 -086 -04 -02 i} 02 04 06 08
input variable “input2"
Current Yariable Current Membership Function [click on MF to select)
Name input2 Name
Type input Type
Params |
Range [0.80.8)
Display Range [0.808] | Help Close |
Ready |

Fig. 4. Windows for forming membership functions for fuzzy sets by increasing the

error values PE, Z, NE of the MATLAB\Simulink fuzzy controller editor

In this case, the output values of the Si signals according to the zero-order
Sugeno algorithm were determined in the reactor window shown in Figure 5.
The outputs of the synthesized fuzzy controller are the changes “outputl” and
“output2”. The output “outputl” will work out the integral I-component of the

controller, and “output2” will work out the P-component, respectively.
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Fig. 5. The window of the editor of rules for the functioning of the MATLAB\Simulink

fuzzy controller

To run the synthesized algorithm, the “Fuzzy Logic Controller” block
from the standard library was dragged to the SIMULINLK model creation
workspace. In the open window “Fuzzy Logic Controller”, the name of the fis-
file was written in the proposed field, and in the main window of setting up the
fis-file, File / Save to Workspace was selected to load the fuzzy control
algorithm into the MATLAB workspace.

In the final case, a scheme for modeling the ACS with a fuzzy controller
was defined, a fragment of which is shown in Figure 6. Figure 6 shows that the
control action of the fuzzy controller is formed from several components

according to the formula:
u(t) =u, () + @, -7.)+Auy) (5)
where ul(t) is the control action of the P-component of the controller;

Au, =u,(t)—u,(t—7,)— increase in control action from a fuzzy

controller;

u, (¢ —7,)— control action with a time delay 7,
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Fuzzy logic controller

Traditional PID

controller

Fig. 6. A fragment of the modeling scheme of the ACS with a fuzzy logic controller

It should be noted that in the synthesis of the Fuzzy Logic Controller, all
functions of membership in fuzzy sets and logical rules of operation are
determined on the basis of expert data. And then adjusted during the modeling
by trial and error. Also, the logical rules of operation were determined taking
into account the rules of operation of fuzzy controllers presented in well-known
scientific works, one of the first on Fuzzy control.

To implement the parametric optimization of control system regulators in
the MATLAB\Simulink 5.2 software environment, a control system modeling
scheme with an automatic optimizer was developed, which provides a search for
optimal controller parameters according to the following compromise criterion

for the quality of the system:

J = [(lea(®)] + B - |e(2))dt —> min  (6)

where: el(t) is the time difference between the actual value of the
controlled variable and the setpoint air temperature in the drying chamber;

e2(t) is the time difference between the actual value of the regulated value
and the set value of air humidity in the drying chamber, p is the coefficient.
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The developed scheme for modeling the control system with an automatic
optimizer in the MATLAB\Simulink 5.2 environment is shown in Figure 6.

As a result of the parametric optimization for the selected integral
indicator of the system quality and using the corresponding module — the
MATLAB\Simulink 5.2 application, we obtained the graphs of transient
processes before and after optimization and the corresponding parameters of the
controllers' tuning. The initial values of the controller tuning parameters and the
corresponding optimal values are presented in the optimization results window.
Figure 7 also shows the corresponding transient plots obtained before and after
the system optimization. The transient graphs show that the quality of control, in
terms of the air temperature in the chamber, has improved significantly after the
optimization of the ACS. However, it should be noted that due to the nonlinear
characteristic of the control channel, such improvements can occur only under
appropriate operating modes or initial conditions of the control system. Thus,
the optimal tuning parameters in this case may be suboptimal otherwise, which

determines the need to use nonlinear controllers.
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Fig. 7. The results of parametric optimization of the values of the parameters of the
controllers of the ACS with a control channel characterized by a nonlinear static

characteristic
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As a result of modeling the ACS with a fuzzy controller, transient
diagrams of the system's output to the nominal mode of operation and transients
under deterministic and random disturbing effects were obtained. For
comparative analysis, the corresponding transient diagrams of the ACS with a
traditional PID controller were also presented.

Thus, Figure 8 shows the graphs of transient processes from the system's
output to the nominal mode of operation. And Figure 9 shows the graphs of
dynamic processes under a deterministic disturbing influence and under a

random influence introduced at 200 seconds.
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Fig. 8. Graphs of transient processes obtained as a result of modeling different ACS

where graph 1 — transient process in ACS with a traditional PID controller; graph 2 —
transient process in ACS with a fuzzy controller

The figures show that the quality of control of different ACSs is identical
to that of both traditional and fuzzy controllers. The transient graphs of different
ACSs merge into one. This is obtained by adjusting the parameters of the fuzzy
controller, as well as by comparing the functioning of the ACS with the fuzzy

controller and the ACS with the traditional controller.
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Fig. 9. Transient diagrams of the ACS with a traditional (typical) PID controller

and a fuzzy logic controller obtained as a result of modeling in Matlab Simulink

Conclusion. In the process of performing the work, a model of the ACS
with a fuzzy controller was developed. The fuzzy controller was developed in
the appropriate editor of the MATLAB\Simulink environment. The functions of
membership in fuzzy sets were defined, a database of rules for the functioning of
the regulator was formed in tabular form and in the window of the
corresponding editor, and a fuzzy inference algorithm — Sugeno of the Oth order
— was defined.

It was found that in terms of control quality, such an ACS functions no
better, and perhaps slightly better, than an ACS with a traditional PID controller
for a control object with a nonlinear static characteristic along the control

channel.

References
1. Borisov V.V., Fedulov A.S., Zernov M.M. Fundamentals of fuzzy
logical inference: textbook for universities. Goryachaya Liniya. Telecom, 2014.

122 p.

International Scientific Journal “Internauka” https://doi.org/10.25313/2520-2057-2024-6




International Scientific Journal “Internauka” https://doi.org/10.25313/2520-2057-2024-6

2. Yakubash I. V. Automatic control of the process of drying fruit and
vegetable raw materials in a condensation thermoelectric dryer. Automation of
technological and business processes. 2021. 13(1). P. 11-17.

3. Mazur O., Yakubash I. Condensation thermoelectric dryer as the best
way of drying fruit raw materials. Molodyy vchenyy. 2022. 5 (105). P. 5-12.

4. Yevsina N., Zuev A., Gapon A., Denysenko M., Tarasenko M.
Synthesis of an adaptive fuzzy logic regulator for temperature control in a
chamber dryer. Control, navigation and communication systems: collection of
scientific papers. 2022. 4(70). P. 32-35.

5. Herman E. E., Lysachenko I. G., Bespalov K. I. Synthesis of a drying

plant control system using a self-tuning fuzzy controller. 2015.

International Scientific Journal “Internauka” https://doi.org/10.25313/2520-2057-2024-6




