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Introduction. The aim of the presented research was to
substantiate the intelligent automatic control of the sugar juice
evaporation with the subsystem for behavior prediction, which
allows to determine the behavior of the automatic system.

Materials and methods. The operation of the evaporator
unit with system behavior prediction to regulate the sugar juice
level was investigated. Capacitive level gauges were used as a
sensor in the automation scheme of sugar juice level control.
Pneumatic seat valves with a built-in throttle and an electro-
pneumatic converter were used as actuators.

Results and discussion. The use of neuro-fuzzy regulators
occurs only in some specific cases of intelligent control of the
evaporation process. There is no data comparing the use of
intelligent regulators with classical ones and the possibility of
combining several types of intelligent regulators, as well as clear
means of predicting their work. Therefore, in the present study, a
prediction method was used to compare methods to regulate the
level of sugar juice in the evaporator. This made it possible to
predict the behavior of the system during the formation of the
control action and display the finished forecast on the operator's
screen, which made it possible to increase the efficiency of the
evaporative station. Statistical data on the behavior of the
automation system contours in various operating modes were
collected using intelligent and classical controllers, and a model
was built to determine the operation of the evaporator using the
local trend method and the modified algorithm of prediction. The
advantage of this method is its easy and fast implementation,
which does not require large economic and energy costs. The
accuracy of the prediction model was 98% for the PID-controller,
95% for the fuzzy-controller and 96% for the neural network. The
obtained model of the system prediction is stable because the
absolute error does not change when dividing the time series into
intervals.

Conclusions. The proposed system of intelligent automated
control of the evaporation of sugar juice with a modified
prediction method based on local trends has an insignificant delay,
while prediction is performed with high accuracy and stability.
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Introduction

The evaporation process is one of the main operations in the sugar factory. However,
the high temperature conditions of evaporation results in unwanted sucrose losses. High-
quality automatic control of the evaporator operation is of the highest importance in the sugar
production because it ensures adherence to the temperature regime, prevents overheating of
the sugar juice, and increases the overall efficiency of the sugar factory.

System of automatic control of the evaporating plant can be described as a one requiring
the intervention of the operator who makes adjustments to the tasks for regulators responsible
for maintaining temperature and material flows.

Such adjustments are required because of the instability of the technological and quality
indicators of sugar juice at the inlet to the evaporation plant, as well as of the need to change
them at the outlet (Hrama et al., 2019a). When making changes to the automated control
system, the operator must take into account both the impact of the work of adjacent sections
on the process of sugar juice concentration in the evaporation station, and the impact of
changes in sugar juice indicators on the activity of subsequent equipment (Hrama et al.,
2019b).

To ensure an effective automation system, the use of modern software and hardware is
needed. However, the use of intelligent systems in automating the sugar evaporation process
provides a large number of options, some of which can lead to extraordinary and emergency
situations. It is very important to prevent their occurrence in time (Chantasiriwan, 2017). To
predict the possibility of insufficient situations, it is proposed to introduce a forecasting
module into automation systems. This will allow predicting the state of the system and
making operational decisions (Verma et al., 2018).

Improving the evaporation process is rather an important task. Chantasiriwan (2017)
proposed a model of the evaporation process that takes into account the balance of mass and
energy. However, the issues related to the occurrence of nonlinearity and the problem of fluid
flow deviation remain unresolved. In addition, the possibility of using intelligent regulators
in the evaporation process was not considered in this exploration. The reason for this may be
the difficulties that arise due to the need to use special software.

Verma with co-authors (2018) studied the process of linearization of a nonlinear model
of an evaporator plant consisting of 14 first order nonlinear differential equations. The change
of the product concentration from the deviation of the liquid flow rate was found y for the
first time, but intelligent controllers were not used. This may be due to the difficulty of
developing rule bases for neural fuzzy regulators or the lack of an appropriate neural network
training model.

The need to upgrade existing control systems was shown (Sidletskyi et al., 2016). The
authors presented some approaches that are used for the distributed level of process control,
but application of intelligent controllers in the evaporation process were also not disclosed.

The main objective of the present research was to study the possibility of using
intelligent methods for regulating the level of sugar juice in an evaporator with a prediction
subsystem, which will allow foreseeing the behavior of the system and getting a ready
forecast, and thus improve the efficiency of the evaporator station.

Materials and methods

A five-corps sugar evaporator was used. The scheme of automation of sugar juice level
control is shown in Figure 1.
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Figure. 1 Automatic liquid level control in evaporation station

Capacitive equalizers (LE la, LT 1b) are used as sensors in sugar juice level control
circuits. Single channel microprocessor-based indicator ITM-110 (Mikrol, LLC, Kharkiv)
was used as a secondary indicating device (LIA 1c). The signal is sent to the regulator (PLC)
on the control unit (intersection with C), as well as to the human-machine interface
(SCADA), which displays the level of sugar juice value on the screen of the automated
operator's workplace (computer) (intersection with I). The obtained data is stored in memory
(R). This data (actual level of sugar juice values) is used for conducting the experiment. In
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case the level of sugar juice value exceeds the set limits, an alarm signal (A) is generated.
The control signal, which is output by the regulator (AO), is sent to an electro-pneumatic
converter (LY 1f), which converts an analog unified electrical signal. In turn, the actuator
(e.g. 9f) changes the position of the control valves. The operator can control the position of
the regulator in remote (manual) mode (intersection with C — remote control of the SCADA
operator). BPY-17 manual control units are used for switching the "Manual/Automatic" mode
(HS 1d, HC 1e). Modicon M340 is used as a regulator. Pneumatic seat valves (1g)
JASPG1805 KRAFTt-AIR, with integrated choke and electro-pneumatic converter (Hrama
et al., 2019b) are used as actuator.

Description of prediction using the method of local tendencies

Prediction the operation of the evaporating station using the method of local tendencies
can be carried out using fuzzy time series models (Jolly et al., 2000). A fuzzy time series
model is generated to obtain the forecasted local tendency (Lahtinen, 2001). To do this, the
model of fuzzy dynamic process with fuzzy increment is used (Fig. 1). This increment looks

in the following way: X,(t=1,2,...)cR' — a universal set for which fuzzy sets
%.(0=12,.), v ,(j=12.), a ,(s=12,..) are defined (Dong et al., 2017). Next, there
is aneed to set the values of the parameters of the time series model of the first order (Lei et
al., 2016) and calculate the sum of the intensities of fuzzy elementary tendencies for each
interval by creating an algorithm for fuzzy local tendencies for this case (Dong et al., 2017).
The algorithm, which first converts the initial time series to a fuzzy time series, was used to
forecast the operation of the automated evaporating station. The next step is to convert the
obtained fuzzy time series into a time series of fuzzy elementary tendencies and to perform
defuzzification using the method of the center of gravity of intensity of each fuzzy elementary
tendency for each time series
a, = DeFuzzy(a,) (Anghinoni et al., 2018).

The analysis of the stability of the prediction model is as follows. The automation
system of the five-hull evaporator station is launched (Fig. 1), after which the SCADA system
is removed from the graphs of the transition process and the predicted values during the
operation of the installation (Dong et al., 2017). They are shown in Fig. 6. Next, the graphs
are divided into any number of equal time intervals (Gonzalez-Potes et al., 2016). Each time
interval is separated from the next by a dot called a Latin letter. The value that corresponds
to the transition process at a given time is the actual meaning, and the number that
corresponds to the graph with the predicted meanings at this time is the predicted value. All
these numbers are entered in Table 1. Also calculated and entered in Table 1 the meanings
of absolute and relative prediction error for each point (Dong et al., 2017).

The value of the absolute error (A) is calculated by formula (1):

A=|z(-Z()| M

where Z(¢) is the actual value of the time series, Z(¢) is forecasted value of the time series
(Lei et al., 2016).

The value of the relative error (V) for each value of the time series point is calculated
by the following formula (2):

V=MXIOO% @)
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For stability analysis, this compares the dependence of the relative error when the noise
level changes (i.e. the change or the absolute error). To do this, a graph of the dependence of
the relative error on the absolute (Gonzalez-Potes et al., 2016). This graph shows the points
in Table 1 at the same time intervals into which the transition process was divided (Dong et
al., 2017). Graphs of changes in relative and absolute errors over time are built on these
points. The values of absolute and relative errors are also taken from Table 1. If the values of
relative error do not change when the absolute error does not change, the prediction system
is stable (Zhang et al., 2011).

The next step is to assess the accuracy of the system. The automation system of the five-
hull evaporator station is launched (Figure 1), the type of control is selected, after which the
SCADA system is removed from the graphs of the transition process and the predicted values
during the operation of the installation. They are shown in Fig. 6. Next, the graphs are divided
into a free number of equal time intervals (Gonzalez-Potes et al., 2016). Each hour interval
is separated from the next dot by a Latin letter. The value that corresponds to the transition
process at a given time is the actual value, and the value that corresponds to the graph with
the predicted values at that time is the predicted value. All these values are entered in Table
2. The values of absolute errors are calculated by formula (1). The average error (SP)
calculated by formula (3) (Dong et al., 2017):

sP= %i(za) -2, ()

where SP is the mean error of the forecasted value of the time series, n is the number of time
series intervals, Z(7) is the actual value of the time series, Z(¢) is forecasted value of the

time series (Lei et al., 2016).
The average absolute error (SAP) was calculated by formula (4):

SAP = %Zﬁ]zm = Z() )

The mean relative error of prediction (SVP) was calculated by formula (5) (Lei et al.,
2016):

2 |2() = Z(1)
SVle QXIOO% %)
n
The mean standard error (SKP) was calculated by formula (6) (Chowdhury et al., 2015):
1 ~
SKP=—=3(2(~-Z(0)) (©6)
t=1

The square root of mean standard error (SQSKP) was calculated by formula (7):
SOSKP =/SKP @)
The standard deviation (SV) was calculated by formula (8):

SVZ\/lzﬂ:(Z(l‘)—SKP)2 ®)
n =

Accuracy of prediction model (T) was calculated by formula (9):

T:IOO%—lZV )
t=1
The closer to 100% the accuracy of the model (T), the more accurate the model (Lei et
al., 2016).
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Results and discussion

Synthesis of the algorithm of local tendencies

Let’s consider the operation of the algorithm of prediction based on high-order fuzzy
time series (Chen, 2002) and the operation evaporating station. A description of control of
several evaporating stations with full integration of fuzzy control and the use of wireless
network sensors and actuators was shown (Gonzalez-Potes et al., 2016). Though, the
comparison of the use of neural fuzzy regulators with other types of intelligent control was
not included. There is also no justification for the feasibility or unreasonableness of using
this type of control in case of the possibility of implementing a system with another type of
intelligent control. In addition, neural fuzzy control is not used in all control circuits. The
reason for this may be the high complexity of such study. The authors faced similar problems
(Zhang et al., 2011). This research contains a consideration of the control of evaporator
overheating using a fuzzy slider mode regulator. In addition, this paper does not address the
use of fuzzy control for other control circuits of the evaporating station.

The paper (Lavarack et al., 2004) features the consideration of the methodology of
increasing the efficiency of steam use. However, modern types of control are not used in it.
That is why there is a high probability that the use of intelligent regulators can further increase
the efficiency of steam. This work also contains the consideration of options for improving
the evaporation process (Srivastava et al., 2013). These studies also feature complex
calculations. In the exploring, the authors prove that the rate of evaporation decreases
noticeably over time (Roger et al., 2018). They perform a calculation and demonstrate that
diffusion in the liquid phase is a step, which limits the rate for this system, in contrast to the
evaporation of pure water. A generalized stationary mathematical model for modeling a
multichannel evaporator system was developed in the paper (Srivastava et al., 2013). Patan
with co-authors (2005) have considered the problems of detection of malfunctions of
industrial processes using dynamic neural networks on the example of an evaporating station.
The considered neural network had a multilevel feed structure. In the exploration, Merino
with co-authors (2018) investigated the application of real-time optimization in the
evaporation section of a sugar refinery using methods that reduce the time for developing
models. Polupan with co-authors (2018) proposed to use of genetic algorithms in sugar
production. The paper (Sidletskyi et al., 2019) features the consideration of the development
of the structure of an automated control system using tensor methods in sugar production.
However, the authors of these studies also did not use intelligent control. This may so due to
the high complexity of the calculations or the lack of necessary hardware or software.

It was claimed that by using intelligent control it is possible to provide a faster decrease
in housing temperature and achieve more stable control of overheating in the first evaporator
tank (Jolly et al., 2000. Though, this examine also does not disclose the use of intelligent
regulators for regulating other parameters (e.g., pressure, level of beet juice, consumption).
In addition, only the possibility of using intelligent regulators in other housings than the first
one is considered in this study. This may be so due to the high complexity of the calculations
and the need of using the specific software. The paper (Lahtinen, 2001) features the
consideration of the problem of control of other parameters of the evaporation process. In
this exploration, it is proved that the control of evaporation can be implemented by
recirculation of liquid in the evaporation section or by feeding only liquid to the evaporator.
However, this article also does not address the use of intelligent regulators during the
evaporation process.
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It isnecessary to improve the model of prediction the operation of the evaporator station
using the method of local tendency and prediction algorithm and determine the impact of the
algorithm on the accuracy and stability of the obtained prediction model.

The following dependences of parameters was used to work with the algorithm of local
tendencies (Lei et al., 2016):

~l = FuZZy(x[)a

D, = TTend (%,,%,_,),
~i+[ = ﬁ?(l;i)’

di = RTend(d, 5 d;‘—l)’
dH—l = f~f‘7 (&' )’

xz+1 = Comp(xi+1 ’ Ui+1 »a + 1)9

x,,, = DeFuzzy(X,, )+ ¢,

i+12

where Fuzzy is scale fuzzification operation, TTend is operation to determine the type of
difference, RTend is operation to detect the difference intensity, Comp is_operation to
calculate a new fuzzy estimate, DeFuzzy is scale defuzzification operation. f;, f; is fuzzy
dependencies are presented in the form of a composite rule of implication, x,,,&,,, —
numerical evaluation and error of the forecasted level of the time series.

In this model, the definition of the absolute fuzzy estimate X, is determined using the
fuzzification of a scale according to the value of the estimated object x, . Next goes the
operation to determine the type of differences. The process of determining the intensity of
differences would be the next step. It is followed by the calculation of a new absolute fuzzy
estimate (Xu et al., 2020). The last step is defuzzification of the scale according to the
definition of the evaluated object x, by an absolutely fuzzy estimate %, .

A two-stage algorithm for selecting a time series prediction model has been developed.
Let’s calculate the amount of the intensities of fuzzy elementary tendencies for each interval
by the following way (Dong et al., 2017):

if B, (z,) =true then ST,, = ST, +a,,

up
if P,,.(z,)=true then ST,  =ST,
if ST,, =0 and ST,,,, =0 then
O="Stable",a=0,
if 8T,,22-ST,,,, then
0="Up",a=abs(ST,, - ST,,,,),
if ST, 22-ST,, then
0="Down",a=ads(ST,,, — ST,,, )
if 09-8T, <ST,,, <1,2-ST,

or 0.9-8T,, <ST, <12-ST,

lown up lown

then 0="Regular",a=(ST,, +ST,,,)/2

else 6="Chaos",a=abs(57, —ST,,..)

up

+a,,

a = Fuzzy(a).
where P is a final set of points in the n interval (final set of tendencies), ST is a time interval
of the fuzzy tendency length.
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With the developed algorithm, local tendencies are assessed. The next step is to use
language and numerical forms in the algorithm (Anghinoni et al., 2018). For the operation of
this algorithm it is necessary to convert the initial time series into a fuzzy time series
(Mehmood et al., 2020) using the model shown in Figure 2. The next step in this algorithm
is to divide the obtained time series into a number of intervals. The amount of the intensities
of the same type of fuzzy elementary tendencies is calculated at each interval. Next, the type
of local trend ("Stable", "Ascending", etc.) can be selected by comparing the time intervals
during the increase (ST.,) and decrease (STqown) of time intervals of the fuzzy tendency length
(Xu et al., 2020).

This algorithm does not require additional user interpretation. This algorithm has a
disadvantage due to the limitation of its operation by the number of predefined time intervals.
Therefore, the number of identified local tendencies will be equal to the number of intervals
specified by the developer (Anghinoni et al., 2018). This algorithm allows obtaining time
series that can be used in the future to forecast local tendencies. The advantage of this
algorithm is the ability to reduce the knowledge base, which can be represented as a set of
rules that are generated over a fuzzy time series (Dong et al., 2017).

Analysis and synthesis of control action using prediction methods in the
evaporating station control system

It is suggested using the flow chart of control (Tang et al., 2001), modifying it so as to
include the possibility of prediction (Lei et al., 2016), and changing the type of control (Lapin
et al., 2016) (Figure 2).

Flow chart of control is shown in Figure 2, where Y ,(t) is a task signal, e(t) is a mismatch
between task signal and feedback, u(t) is control signal, v(t) is external disturbance, Y(t) is
output signal, and Y .(t) is output signal from the object model.

The paper (Tang et al., 2001) contains a more detailed consideration of the work of
intelligent regulators, on the example of fuzzy regulators. In this exploration, the fuzzy PID-
regulator is investigated as a discrete version of an ordinary PID-regulator. Therefore, it
retains the same structure but has an independently adjustable control factor. It is proven that
it is possible to improve the classic PID-regulator with a certain adaptive control ability.
Though this regulator cannot be considered to be a full-fledged neural fuzzy regulator. In
addition, the use of other types of intelligent regulators is not considered in this study. The
cost of research may be a possible reason for this. The article (Carvajal, 2000) contains a
more detailed consideration of the issue of using neural fuzzy regulators. This analysis
presents a new PID-regulator of fuzzy logic. This regulator is a fuzzy PID-regulator with a
computable efficient analytical circuit. The author proves that the regulator is stable with
limited input/limited output. However, it is very difficult to implement this regulator, and this
paper does not provide the possibility of using other types of intelligent regulators. In
addition, it is not possible to use this type of regulator for some control parameters. Also,
none of the above-mentioned studies justify the need for upgrading existing evaporating
station automation systems. The cost of research may also be a possible reason for this. The
paper (Sidletskyi et al., 2019) features a consideration of the issue of using neural fuzzy
regulators. This exploration states that the addition of fuzzy and neural fuzzy logic is one of
the advanced methods of improving control systems. Methods of dynamic power control
were analyzed using fuzzy logic and adaptive neural networks. The use of fuzzy inferences
(so-called fuzzy systems) may be one of the possible options for power control. The control
action is formed by checking the coordination of fuzzy rules with the actual parameters of
the system. Rules are created according to the experience of the operator, which reflects
his/her actions when changing technological parameters. Though this paper does not contain
the consideration of the use of neural fuzzy regulators in the evaporation process. In addition,
it also does not address other types of intelligent regulation.
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Analysis of the prediction model stability
The results of the study of the prediction model stability were shown (Table 1).
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Table 1

Absolute and relative errors of the evaporating station level of sugar juice prediction model

a|lb|c|d| e
Al O 010 0
B |28 (26| 2|77
CcCl24|126|21|77
D|27]25]| 2 8
E|[26|25| 1 4
F|26]25] 1 4
G|26(25]| 1 4
H|26|25]| 1 4
1126251 4
J 1261251 4
K|26]25] 1 4

Note: *a is the point name; b is the
forecasted value,% ; c¢ is the actual
value,% ; d is the absolute error (1), %;
e is the relative error (2), % .

The dependence of the relative error on the absolute errors is shown in Figure 3.

Level of sugar juice, %

Time, s

Figure 3. The dependence of relative error on absolute errors:
1 (=) — absolute error variation, 2 (=) — relative error variation.

This graph indicates that the relative error does not exceed 8%. In addition, it is apparent
that in the case of dividing the time series into intervals, the accuracy of measurements
remains stable if the absolute error does not change. This fact allows asserting that the
obtained model of system prediction is stable and can be used to predict the operation of the
evaporating station (Lei et al., 2016). Problems of the complexity of calculations are widely
revealed in research (Xiao-Yang, 2007). The research (Liu et al., 2013) features development
of a mathematical model of control of overheating of the electronic evaporator system of the
expansion valve with the investigated control strategy. The authors of this article conducted
the and modeling of the electronic expansion valve of the evaporator with fuzzy regulation
were carried out in the exploration. The model is identified by the least-squares algorithm
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based on the minimized sum of square residues. The research (Zhong et al., 2007) features a
consideration of fuzzy control for evaporator overheating. The lack of development of
intelligent regulators for the system as a whole is a common problem of these studies. Such
problems can also arise due to the high complexity of calculations, lack of necessary
hardware and software, and high cost of research. The analysis of the robust controller use in
the evaporation process was done (Normey-Rico et al., 2005). The author conducted a
comparative analysis of this type of controller with the PID-regulator and concluded that the
suggested controller provides better performance. However, the comparison of the use of
classical regulators and intelligent regulators was not conducted in this study. The cost of
research may be the reason for this.

Analysis of the level of sugar juice prediction algorithm operation

The result of the implementation of the prediction algorithm for the level of beet juice
in the first case of the evaporating station using neural fuzzy control is shown in Fig. 3. Table
2 indicates the results of calculations for the level of sugar juice in the first case of the
evaporating station using PID, fuzzy, and neural network regulators. In Table 2: a is a point
name, b is forecasted value,% , c is actual value,% , d is absolute error,% , ¢ is mean error
(SP) (formula 3), f is mean absolute error (SAP) (formula 4), g is mean relative prediction
error (SVP) (formula 5), h is mean standard error (SKP) (formula 6), i is square root of the
mean standard error (SQSKP) (formula 7), j is standard deviation (SV) (formula 8).

Based on the results shown in the table, it can be concluded that, since the value of SP
is negative, the forecast was overestimated relative to the actual data (Lei et al., 2016). This
is true because the forecast shows a small absolute error of 1% when using fuzzy control.
Though it is absent in the actual use of this type of control. However, such an overestimation
is insignificant, as can be seen from the mean relative prediction error (Dong et al., 2017).

Theoretically, when using the mean relative error in estimating the accuracy of the
evaporation process prediction model, the value of the accuracy of the forecast can reach
100% (Lei et al., 2016). This will mean that the selected prediction model describes the
process with absolute accuracy (Anghinoni et al, 2018). In practical terms, such a
phenomenon is almost impossible, because the forecast cannot take into account all the
factors that affect the automation system (Xu et al., 2020). In case when the value of the
forecast accuracy is close to 0%, this model does not describe the forecasted process.

The forecast accuracy indicator is also used in order to select the optimal prediction
model. The model with the accuracy closest to 100% (Lei et al., 2016) is considered optimal
because it is more likely to make a more accurate forecast.

So far as in our case, the value of the mean relative error is 5%, consequently, the
accuracy of the model is 95%. This is a very high assessment of the quality of our prediction
system. Since the accuracy of the prediction model is very close to 100%, it can be considered
optimal (Dong et al., 2017). In order to correctly understand how much one can trust the
obtained evaporation process prediction algorithm, it is also necessary to evaluate the
accuracy of the obtained forecast (Lei et al., 2016). Figure 4 shows a comparison of the
forecasted value of the level of sugar juice change in the first case of the evaporating station
using PID, fuzzy and neural network regulators, and the actual level of sugar juice change.
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Figure 4. Comparison of transients of forecasted and actual levels of sugar juice in the first
body of the evaporating station using:
a — PID-regulator,

b —neural fuzzy regulator and
¢ —neural network regulator

1 (=) — forecasted level of sugar juice value,

2 (=) — actual level of sugar juice value (PID-regulator),
3 (=) —actual level of sugar juice value (neural fuzzy regulator),
4 (==) — actual level of sugar juice value (neural network regulator),
AB, BC, CD, ..., JK — time series intervals

In other studies, most of the problems of intelligent control in the evaporation process
remain unresolved (Chantasiriwan, 2021; Lahtinen, 2001; Sidletskyi et al., 2016; Verma et
al., 2018.) The use of neural fuzzy regulators takes place only in some specific cases. In
addition, there is no comparison of the use of intelligent regulators with the use of classic
regulators. There is also no explanation of the possibility of combining the work of several
types of intelligent controllers if necessary. In addition, there is no clear means of prediction
the operation of intelligent regulators.
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In this study, the prediction method was used to compare the methods of level of sugar
juice control in the device. This allows prediction the behavior of the system during the
formation of the control action and displaying the finished forecast on the operator's screen,
thus, increasing the efficiency of the evaporating station. This method has an advantage due
to its easy and fast implementation, which does not require large economic and energy costs.
The disadvantages of this method are the need to divide the transition process into separate
time intervals of the numerical series manually and the direct dependence of the accuracy of
the model on the number of elements of the time series.

Conclusions

1. According to the conducted studies of literary sources, it was determined that there is
an unresolved part of the problems of intelligent control in the evaporation process —
this is the use of neuro-fuzzy controllers in some specific cases.

2. Statistical data on the behavior of the automation system circuits in transient operating
modes were collected using intelligent and classical controllers, and a model was built
to predict the operation of the evaporator plant using the local trend method and a
prediction algorithm was developed. The advantage of this method is its easy and fast
implementation, which does not require large economic and energy costs. The
disadvantage of this method is the need to divide the transient process into separate
intervals of the time series manually and the direct dependence of the model accuracy
on the number of elements of the time series.

3. In the work, a modification of the forecasting model by the local trend method was
performed and an algorithm for predicting the operation of the evaporator plant was
developed. The accuracy of the prediction model was 98% for the PID controller, 95%
for the neuro-fuzzy controller and 96% for the neural network, which are high rates. the
resulting system prediction model is stable and can be used to predict the operation of
the evaporative plant

4.  Analysis of the study data indicated that when fluctuations occur in the transient, an
insignificant delay occurs, while the advantage of the model is its high accuracy and
stability, which satisfies its use.
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