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 ABSTRACT The article substantiates the management of the humidity and temperature regime of greenhouse 
complexes on the basis of a scenario-synergetic approach. The scenarios for controlling the temperature and humidity 
conditions in the greenhouse using the approach of fuzzy neural networks are formed. The structure of an automated 
control system for technological processes is developed, which provides automated collection and processing of 
information for the implementation of control actions in order to improve the efficiency of the greenhouse complex on 
the basis of a scenario-synergetic approach. The corresponding fuzzy neural networks are synthesized for a synergistic 
assessment of the interaction of technological parameters. Estimation of the root-mean-square error in the synthesis of 
fuzzy neural networks confirms the possibility of their use for the synergistic formation of scenarios for controlling the 
temperature and humidity regime in greenhouses to reveal the presence of a synergistic effect. Production rules for 
scenario management of temperature and humidity conditions are formed. It is shown that the use of fuzzy neural 
networks for the formation of scenarios for controlling the humidity and temperature regime provides the possibility of 
obtaining the appropriate scenarios for making managerial decisions and their prompt correction. 
 

 KEYWORDS intelligent control system; biotechnological object; greenhouse; mathematical filter; neural network; 
synergetic control. 
 

I. INTRODUCTION 
ROWING integration of technological approaches to the 
automation processes into the greenhouse production 

increases the resource efficiency, reduces the labor costs and 
increases the cost effectiveness of production [1, 2]. 

The traditional climate control systems within the under-
cover greenhouse facilities which combine control and 
measurement systems for temperature, irrigation, additional 
lighting, СО2 supply, ventilation as well as distributed sensor 
networks [25] are widely known [3, 4]. Providing that they are 
using peculiar software, such systems operate in two modes, 
automatic and semi-automatic. However, at the present-stage 
of development the computational intelligence systems 
demonstrate the following disadvantage – the control process 
does not take into account the crosscutting interrelation of the 
technological parameters, that is, when regulating one 
parameter leads to the divergence of others and the forecasted 
changes of the external environmental disturbances are not 
considered synergistically.  

Consequently, adapting the existing methods of automating 

the greenhouse facilities on the basis of their interactions in 
accordance with the limiting economic criteria is an urgent 
task. 

II. RELATED WORK 
Studying the works of Gao A., Chen H., Vögeling H., Lee 
Yongwei, Pozin G.M., Pryschep L.G., Stroy A.F., Takakura, 
Terence Belvins, Tkachenko V.A. and other scientists, experts 
proved that it is necessary to improve the existing microclimate 
control systems in the under-cover greenhouse facilities 
towards their comprehensiveness in terms of managerial 
decision making in order to come to a compromise between the 
energy expenditures and quality of the products [13-24].  

Control systems were developed that provide intelligent 
formation of control strategies based on information received 
from a mobile robot [5, 26]. Also, control systems were 
developed for the process of growing tomatoes in greenhouses 
with algorithms for predicting external natural disturbances [6]. 
However, none of the existing control systems takes into 
account the synergistic effect of the mutual influence of 
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microclimate parameters in the conditions of forecasting 
changes in external natural disturbances. 

Having studied the peculiar features of microclimate 
regulation in greenhouses, we can highlight the following 
possible ways of saving energy and increasing the profitability 
of production: 

- reorganization and improvement of the traditional 
microclimate control systems by means of new methods and 
means of automated control in accordance with the 
technological requirements; 

- costing of the energy expenditures using the real-time 
monitoring subsystems and the databases for storing and 
further analysis of the information collected; 

- utilization of the heating systems which incorporate 
renewable energy sources (solar radiation, wind energy and 
geothermal water); 

- designing the information flow control systems for the 
major technological parameters taking into account the 
interaction of microclimate parameters and the forecasting of 
external disturbances virtually on the basis of their emergence 
(synergy). 

The implementation of synergetic approaches to support the 
decision making is regarded as particularly promising. Along 
with this, synergetics appeared in the 1960s as a physical and 
mathematical theory of the so-called dissipative systems, 
namely open systems which interact with the environment and 
maintain their existence through constant exchange of matter 
and energy with it [7]. In fact, the term “synergy” is equivalent 
to the concept of “joint efforts” and describes the following 
phenomenon: the result of joint efforts of the elements 
combined into a system ranks over the total sum of the results 
obtained by each element separately [8]. 

At the same time, the latest research works on synergetic 
management are published in the field of cybernetics and 
management of complex organizational and economic 
structures [9, 10]. However, it is common knowledge that the 
decay of many systems is due to their energy characteristics in 
the first place. There are two principal conditions for the 
destruction of integral systems [11]. The first of the two is 
formulated as follows: the system will be destroyed if the total 
momentum energy of the system exceeds the energy of its 
internal connections. The second condition for the destruction 
of integral systems is the following one: the system will cease 
to exist if the energy of internal connections is less than the sum 
of the total energy of external influences. 

The very combination of modern computer integrated 
solutions and synergetic approaches constitute a promising 
prospect for controlling the humidity and temperature regimes 
of greenhouse facilities. However, since the process indicators 
in under-cover greenhouse facilities can be clustered in 
accordance with different indicators [12], it is advisable to 
combine the scenario mathematical apparatus with their 
emergence characteristics. The purpose of the research is to 
substantiate the control of the humidity and temperature regime 
of the greenhouse facilities on the basis of the scenario-
synergetic approach. 

III.  MATERIALS AND METHODS OF RESEARCH 
Energy changes in an isolated system are described through the 
second law of thermodynamics which was formulated as 
follows: heat energy alone cannot transfer from a colder body 
to a warmer one. The essence of this law is all about the 
decreasing ability of isolated systems to operate because the 

energy is dissipating. The entropy formula determines the 
measure of disorder and chaos. The general formula for the 
degree of uncertainty (the amount of information in bits) looks 
as follows: 
 

,                               (1) 
 
where pi  is the probability of occurrence of an event S i. 

The formula of absolute negentropy is similar to the formula 
of entropy, only with a negative contribution. The “minus” sign 
in the right part of the above equation (1) is used to make the 
value of H positive (because pi <1, log2pi  0, pi=1). 

In order to prevent the system from degrading, it is necessary 
to enter additional information (negentropy) into it. Negentropy 
is a certain, initially local state of violating the stability of the 
entropy growth process in the structured matter (information 
structure) which leads to an avalanche-like process of entropy 
reduction. Hence, the entropy of the system is a measure of 
disorganization while information is a measure of organization. 

When evaluating the synergetic characteristics of the control 
system of the greenhouse facility, we assume that Сi (1  i  m) 
represents the variety of actions that the system is capable of in 
a particular external environment. Suppose Рi represents the 
following probabilities: the system will choose any of the several 
courses of action in it. If these courses of action are exceptional 
and comprehensive, then 
 

Рi = 1.    (2) 
 

Next, we assume that Eij represents the probability that the 
course of Сi actions will provide for a certain Оj result. Then, the 
efficiency of the system, the function of which is to obtain the Оj 

result, will be as follows: 
 

Ес = Рi Vij,   (3) 
 
that is, the efficiency of the system is the probability of obtaining 
the desired result under the simultaneously fulfilled conditions: 
under the Рi probability, the Сi strategy is chosen and this 
strategy with the Vij probability will ensure the achievement of 
the Оj result. 

Since the phenomenon of synergy provides an additional 
effect in comparison with the sum of the total effect of the 
contribution by each of the elements of the system and this effect 
in each separate case can be defined, the synergy can serve as a 
measure of success for synergistic transformations. We introduce 
the kc dimensionless synergy coefficient as such a measure, 
expressed by the following ratio: 
 

kc = Ес/Еi,                                            (4) 
 

where Ес stands for the full effect of the system with detected 
synergy, Еi – for the effect provided by the i-th component of the 
system. 

Fuzzy neural network (FNN) approaches with the usage of 
the inverse error propagation algorithm have been used to design 
the control scenarios for the temperature and humidity regime in 
the greenhouse. The training includes the following steps [6]: 

1. Certain η(0<η<1), Еmax and certain small random weight ωi 
of the network are set. 

2. k =1 and Е=0 is set. 
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3. The next training pair (xk, уk) is introduced. The following 
notations are introduced: 
 

  (5) 
 
and the value of the network output is calculated: 
 

    (6) 
 
where: W is the weight vector of the output neuron, оk is the 
output vector of the neurons of the hidden layer with the 
elements: 

   (7) 
where: ωi denotes the weight vector associated with the i-th 
hidden neuron, i=1,2,...,L. 

4. Correction of the weight of the output neuron is carried 
out: 
 

   (8) 
 
where:  
 

  (9) 
 
5. The weight of the neurons from the hidden layer is corrected: 
 

 (10) 
 
6. The value of the error function is corrected (increased): 
 

  (11) 
 

If k <N, then k:= k+1 and go to step 3, otherwise go to step 
8. 

7. Completion of the training cycle. If Е<Еmax, then the entire 
training procedure ended. If Е≥Еmax, then a new training cycle 
begins with the transition to step 2. 

IV.  RESEARCH RESULTS 
The structure of the automated control system (ACS) for the 
technological processes (TP) has been developed in order to 
increase the efficiency of the greenhouse facility, which 
provides automated collection and processing of the 
information for the implementation of controlling effects aimed 
at increasing the efficiency of the greenhouse facility on the 
basis of the scenario-synergetic approach (Fig. 1). 
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Figure 1. The control structure for the temperature and humidity regime of the greenhouse facility on the basis of the scenario-

synergetic approach 
 

Qf -stands for the fogging system performance, Tout  – for 
the air temperature outside the greenhouse, Qh – for the power 
of the greenhouse air heaters, Sab – for the solar radiation 
absorbed by the greenhouse, φout – for the relative air humidity 
outside the greenhouse, φin – for the given humidity inside the 
greenhouse, Тin – for the given temperature inside the 
greenhouse, Pt – for the knowledge base on humidity regime 
control, Pv – for the knowledge base on temperature regime 
control, Ukom – for the complex control action, Ut – for the 
temperature control action, Uh– for the humidity control action, 
Рhs – for the actual heating capacity of the heating system, FРhs 
– for the forecasted heating capacity of the heating system, 
FQgas– for the forecasted gas expenditures. 

The automated control system for the information flows of 

the greenhouse facility is built on the principles of: 
- hierarchical structure of the system; 
- integration of the information flows from different levels 

of automated control systems into a unified system. 
The design of such a control system is to be performed in 

several stages (Fig. 2). 
Having obtained the statistical data from the enterprise 

“Combinat Teplychnyi” PJSC (the data is valid for the 
production year with discrete tracing every hour) the 
corresponding fuzzy neural networks (FNN) have been 
synthesized using the MatLAB package of applied 
mathematical programs for the synergistic evaluation of the 
interaction of technological parameters (Fig. 3). 
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Creating a database on technological information 
following a passive experiment conducted at the 

premises of a production facility

Creating an adequate fuzzy network and 
production rules for synergistic formation of the 

scenarios for the temperature regime control

Creating an adequate fuzzy network  of 
synergetic formation of the scenarios for the 

humidity regime control

Creating the conventional components for the 
control system: PI regulators and actuators

 

Figure 2. The sequence of synthesis of the control system for 
the humidity and temperature regime of greenhouse facilities 

on the basis of the scenario-synergetic approach 
 
 

 

A) 

 

B) 

Figure 3. Evaluating the quality of functioning of the 
corresponding FNN of the synergetic scenario formation for 

the control of the temperature and humidity regime in the 
under-cover greenhouse facilities: A stands for the evaluation 

of the FNN efficiency through the temperature regime (the 
mean-square error equals 1.84%), B – for the evaluation of the 

FNN efficiency through the humidity regime (the mean-
square error equals 1.12%) 

 

Within the scope of the acceptable adequacy of the 
corresponding FNNs (Fig. 3) the production rules for the 
scenario control of the temperature and humidity regime have 
been formed using the ANFIS-Editor MatLAB software 
environment by means of the reverse error propagation 
algorithm (Fig. 4). 

 
A) 

 
B) 

Figure 4. Production rules for the scenario control of the 
temperature and humidity regime of the greenhouse: A stands 
for the control of the temperature regime, B – for the control 

of the humidity regime 

The presence of a synergistic (non-hermetic) effect has 
been evaluated on the basis of the created sequence (Fig. 5). 

Expert selection of the input parameters and 
evaluation of  the efficiency of the control system 

operation

Selection of other sets of the input data (with a 
bigger and smaller number of parameters) and 

evaluation of the efficiency of the control system 
operation based on the value of the mean-square 

error of the synthesis of the FNN (Fig.3)

Deciding on the effective number and volume of 
the input parameters of the control system based 

the synergy coefficient value
 

Figure 5. The sequence of setting the number of the input 
parameters for the control system of the humidity and 

temperature regime of greenhouse facilities based on the 
values of the synergy coefficient 
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Herewith, the number and volume of the input parameters 
from the proposed structure are taken as the basic level of 
functioning of the control system (Fig. 1). The arithmetical 
average value of the FNN training error under different 
combinations of inputs (their options) is considered to be equal 
to “1.0” and it serves as an analogue of the full effect of the 
system with the detected synergy from equation (4). 

Calculation of the emergence criterion is as follows: 
 

kc = (AAVTE FNNs/(MSVTE FNNs).     (12) 
 

AAVTE FNNs – stands for the arithmetic average value of 
the training error of all the FNNs, MSVTE FNNs – stands for 
the mean-square value of the training error of all the FNNs. 

The mean-square error of training the specific conditions 
for evaluating the synergistic effect: 

- if there is a synergistic effect present, the mean-square 
error of the neural network training will be more than 1.0; 

- in case of negative transformation effect (negergia), the 
error value will be less than 1.0. 

The same software settings of the ANFIS-Editor MatLAB 
environment are used here. 

The following sets of input parameters have been selected 
as options: 

- Option 1 (reduced number of inputs) – in accordance with 
the temperature: Qf  – stands for productivity of the fogging 
system, Tout – for the air temperature outside the greenhouse, 
Qh – for the power of the air heaters in the greenhouse, Sab  – 
for the solar radiation absorbed by the greenhouse, FРhs – for 
the forecasted heating power of the heating system, FQgas – for 
the forecasted gas consumption; in accordance with the 
humidity: Тin  – stands for the temperature given inside the 
greenhouse, Qf – for the productivity of the fogging system, Sab  
– for the solar radiation absorbed by the greenhouse, φout – for 
the relative air humidity outside the greenhouse. 

- Option 2 (basic) – corresponds to the terminology from 
the block diagram of Fig. 1. 

- Option 3 (increased number) – in accordance with the 
temperature: Qf – stands for productivity of the fogging system, 
Tout – for the air temperature outside the greenhouse, Qh – for 
power of the air heaters in the greenhouse, Sab  – for the solar 
radiation absorbed by the greenhouse, FРhs – for the forecasted 
heating power of the heating system, FQgas – for the forecasted 
gas consumption, φin – for the relative air humidity inside the 
greenhouse; in accordance with the humidity: Тin – stands for 
the temperature given inside the greenhouse, Qf – for the 
productivity of the fogging system, Sab  – for the solar radiation 
absorbed by the greenhouse, φout – for the relative air humidity 
outside the greenhouse, Тin – for the temperature inside the 
greenhouse. 

We obtained the values of synergy coefficients (Fig. 6) 
having evaluated the mean-square error of the FNN synthesis 
of the synergetic formation for the control scenarios of the 
temperature and humidity regime in the under-cover 
greenhouse facilities for different options and on the basis of 
the formula (12). 

 
A) 

 
 

B) 
Figure 6. Values of the synergy coefficients for different 

options of combinations of input parameters: A) stands for 
training the FNN for the formation of control scenarios for the 
temperature regime (the arithmetic average error of training 

all the FNNs equals 3,86%), B) – for training the FNN for the 
formation of control scenarios for the humidity regime (the 

arithmetic average error of training all the FNNs 
equals 6.27%) 

 
The obtained results have confirmed that the expertly 

defined initial sets of input data tend to be the most 
synergistically effective and can be applied for the control of 
the humidity and temperature regime of greenhouse facilities 
on the basis of the scenario approach.  

VI. CONCLUSIONS 
The phenomenon of synergy provides an additional effect when 
compared to the total effect of the contribution of each separate 
element of the system, while synergy is a measure of success 
of synergistic transformations, which, in case of forming the 
microclimate in the under-cover greenhouse facilities, 
establishes the need for evaluating the emergence of the 
influence of the technological parameters onto the quality of 
control and its adaptive real-time accountancy. 

The application of fuzzy neural networks for the formation 
of control scenarios for the humidity and temperature regime 
(the mean-square temperature error equals 1.84%; the humidity 
error equals 1.12%) provides the opportunity of obtaining the 
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appropriate scenarios for managerial decision making and their 
timely correction. 

Further research should be targeted at integrating the 
control system of the humidity and temperature regime at 
greenhouse facilities on the basis of the scenario approach to 
the information flow control unit through the usage of machine 
learning technologies and the Internet of Things. 
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