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Abstract: Energy-ef  cient modes for manage-
ment of biotechnical objects based on natural dis-
turbances prediction. Nowadays overwhelming 
majority of biotechnical objects in agriculture, 
such as poultry houses, greenhouses etc., function 
under the mode of stabilization of technological 
parameters (air temperature, humidity etc.). This 
approach leads to excess consumption of energy 
resources (electrical energy, natural gas). Intel-
ligent control based on using different strategies 
(not only stabilization), prediction and consider-
ation of natural disturbances on biotechnical ob-
jects, physiological features of biological objects 
(poultry, plants etc.) allows to reduce energy con-
sumption. The paper presents speci  c knowledge 
concerning promising areas of control systems of 
biotechnical objects, methodological bases for 
specialized algorithmic-mathematical software 
construction based on the methods of game theory 
and statistical solutions, neural networks (includ-
ing genetic algorithm),  ltering the noise compo-
nents of information signals. 

Key words: biotechnical object, control system, 
game theory, statistical decisions, neural network, 
genetic algorithm, Hilbert Huang transform

INTRODUCTION

In modern conditions of unbridled 
growth in energy prices and inevitable 
approach of the global food crisis agri-
cultural production as well as any other 
production should be effective. As the 
data [Yaroshenko 2004, Melnyk 2006, 
Ivanenko 2011a, Ivanenko 2011b], the 
effectiveness of the industrial production 

of agricultural products is determined by 
the whole system of interrelated factors: 
the cost of primary production per unit 
of production (technological facilities, 
equipment, biological objects (bioob-
jects), human resources etc.), produc-
tivity of bioobject (poultry, domestic 
animals, plants, mushrooms etc.), selling 
price, cost, consumption of accompa-
nying resources (feed, water, premixes, 
pharmaceuticals, substrates, fertilizers, 
carbon dioxide, protection etc.), costs of 
non-renewable energy sources (electrici-
ty, fuels and lubricants etc.), quality, cost 
and consumption way of these resources, 
quality of the products.

Experts-economists [Yaroshenko 2004, 
Melnyk 2006, Ivanenko 2011a, Ivanenko 
2011b] indicate these two key opportuni-
ties to improve the ef  ciency of production 
at each plant of the agricultural sector: 

the productivity growth of bioobject, 
reducing the cost of accompanying 
resources and improve their balance, 
as well as the economical use of non-
-renewable energy resources due to 
the introduction of new technologies 
on the basis of innovation;
state with the interests of its econo-
my, is obliged to create conditions 
through economic instruments that 
allow enterprises to use innovation in 
production.

•

•

Energy-ef  cient modes for management of biotechnical objects based 
on natural disturbances prediction
VITALII LYSENKO, BORYS GOLOVINSKYI, VOLODYMYR RESHETIUK, 
VADYM SHCHERBATIUK, VOLODYMYR SHTEPA
National University of Life and Environmental Sciences of Ukraine in Kyiv



112      V. Lysenko et al.

Nowadays overwhelming majority 
of biotechnical objects in agriculture, 
such as poultry houses, greenhouses etc., 
function under the mode of stabilization 
of technological parameters (air tempera-
ture, humidity etc.). This approach leads 
to excess consumption of energy re-
sources (electrical energy, natural gas). 

Intelligent control based on using dif-
ferent strategies (not only stabilization), 
prediction and consideration of natural 
disturbances on biotechnical objects, 
physiological features of biological ob-
jects (poultry, plants etc.) allows to re-
duce energy consumption.

MATERIAL AND METHODS

Decision-making in managing the pro-
duction of agroproducts using criteria 
considered for improving ef  ciency is 
a dif  cult task [Lysenko et al. 2007]. 
State of a bioobject is the result not 
only of deterministic actions but also 
depends on the random disturbances 
caused by weather conditions, which can 
not be predicted and accurately de  ned 
[Lysenko et al. 2011a]. Therefore, the 
management decisions should be made 
under uncertainty. Criterion in this case 
can be represented as follows:

( , , )d
k

n

t

t
I f x y u t  (1)

where:
f (x, y, u) – function depending on the 
bioobject state;
x – bioobject state;
y – uncertain conditions;
u – decision to manage the process for 
all the time;

tn – beginning of bioobject housing;
tk – completion of bioobject housing.

Then the problem of optimal solution 
determination for the process control is 
formulated as follows: for a given state x 
with the unknowns y to  nd control ac-
tions u, which would, if possible, drive 
up to the maximum ef  ciency index 
(Imax) of the process.

When you consider all of the above 
factors of quality in the management 
of the production process, the task of 
management should be viewed as multi-
criteria, which greatly complicates the 
solution. Under such circumstances, the 
most appropriate is the only criterion I, 
which is to maximize pro  t – from the 
price difference between Cp – price of 
received production and cost Cb – basic 
cost of its production, given the uncer-
tain state of the object:

1
max

k
pi bi

i
I C C  (2)

where: k – number of system states dur-
ing the production cycle.

In this case the constraints on the 
probability of bioobject death or certain 
percentage of losses of its representa-
tives must be taken into account.

The cost of basic production and ac-
companying resources can be accurately 
calculated, taking into account their 
long-term use, but the energy costs that 
depend on natural disturbances acting 
on the technological object can be as 
predictable as possible to predict natural 
disturbances.

So, the task of choosing control ac-
tions is largely dependent on the ability 
of control system to predict natural dis-
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turbance and dynamics of the bioobject 
quality indexes [Lysenko et al. 2007].

Natural disturbances affecting the 
state of agricultural bioobjects are air 
temperature, relative humidity and solar 
radiation [Lysenko et al. 2007]. Deter-
mining in  uence on almost all produc-
tion processes provides natural air tem-
perature disturbances. 

Our analysis of international experi-
ence in the  eld of automation of man-
agement processes in agriculture showed 
that all of the existing control systems 
do not take into account possible future 
changes in the disturbances, in particu-
lar air temperature, on the technological 
object during the entire period of bioob-
ject housing (growing), as well as the dy-
namics of bioobject states and perform 
exclusively stabilization mode for tech-
nological parameters, given the instan-
taneous values   of the disturbances that 
is not always effective [Shcherbatyuk 
2012].

Since these natural disturbances are 
non-stationary stochastic processes, 
predicting their parameters with proper 
for the production needs accuracy us-
ing classical control systems is virtually 
impossible [Lysenko et al. 2009a]. How-
ever, there are several methods for mod-
eling natural disturbances [Tikhomirova 
2003] using interpolation formulas, by 
extrapolation of random processes and 
their representation in the form of autore-
gressive processes of the second degree, 
or a moving average etc. However, these 
methods do not provide the predicted 
values   for a set of external disturbances, 
the characteristics of which are essen-
tially different. According to the results 
of this modeling, it can be determined 
only statistical characteristics of random 

variations and parameters of determinis-
tic components of the disturbances. But 
having these data it is impossible to re-
produce the possible implementations 
of the disturbances [Tikhomirova 2003] 
and use them to select the effective con-
trol actions while production process in 
use.

The developed mathematical models, 
software and hardware, intelligent con-
trol modes for biotech objects [Lysenko 
and Golovinskyi 2005, Lysenko et al. 
2009b, Lysenko et al. 2010a, Lysenko 
et al. 2010b, Lysenko et al. 2011b] are 
based on the techniques of modern con-
trol theory, mathematical statistics, sto-
chastic processes, game theory and statis-
tical decisions, neural networks, genetic 
algorithm,  ltering, means of new infor-
mation technologies. They have demon-
strated their effectiveness in laboratory 
conditions and  eld tests [Lysenko et al. 
2010a]. 

RESULTS

On the basis of fundamental research 
we have created an intelligent control 
system [Lysenko et al. 2009b, Lysenko 
et al. 2010a, Shcherbatyuk 2012], where 
the algorithm using criterion (2) was im-
plemented. There I is the expectation I  
of pro  t from the produce and process 
control is performed depending on the 
physical condition of the bioobject and 
considering possible natural air tem-
perature disturbances. This is two-level 
adaptive system, the functional structure 
of which is shown in Figure 1.

Intelligent components of the system 
are PRB and DMB, the main purpose of 
which is to predict the future external 
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disturbances, the bioobject states and to 
develop optimal control strategies ac-
cording to the chosen effectiveness cri-
terion. The operation principles of these 
units are described below.

Based on the statistical analysis of 
long-term changes in weather condi-
tions for different regions of Ukraine the 
classi  cation of natural disturbances and 
their mathematical models were devel-
oped. As it turned out, the year realiza-
tions of the changing weather conditions 
are non-stationary random process and 
determination of its statistical charac-
teristics is extremely complex stochastic 
task solution of which is virtually impos-
sible. However, the analysis of changes 
in individual sections of these time series 
has shown that they can be predictable, 
as they are implementations of station-
ary or quasi-stationary random pro-
cesses. The mathematical model of such 
sections is additive:

i i i i iu W S   (3)

where:
ui – trend; 
Wi – component of cycles; 
Si – seasonal component; 

i – random component.
On the basis of the reference method 

K-means cluster analysis of the tem-
perature sections is performed. It is al-
lowed to make their classi  cation and 
create a system of the patterns – natural 
air temperature disturbances. The sys-
tem includes  ve classes depending on 
the values of certain probabilistic and 
deterministic characteristics of the time 
series.

Thanks to the Bacon’s serial approach 
of meteorological event sustainability it 
is proved suitability to predict the natural 
air temperature changes up to 4 days.

By the application of statistical tech-
niques it is performed the study of bioob-
ject state changes (for hens) depending 
on the external disturbances and con-
trol actions that allowed to develop the 
mathematical models of the dynamics of 

CB DMB PRB

LACD A CO

Upr

pr

–

U q in

Ucs 

ext 

LCS

DMS
pf

R

P

U

DMS – decision-making subsystem, PRB – pattern recognition block, DMB – decision-making block,  
CB – control block, LCS – local control system, LACD – local automatic control device, A – actua-
tors, CO – control object, ext – external air temperature, p – air temperature patterns, f  – weath-
er forecast, R  – recognized pattern, C – cost of resources, P – product price, Up – control strategy, 
Upr – preselected actions, pr – preselected internal air temperature value, Ucs – control strategy actions, 
U – control signals for the actuators, q – physical in  uences on CO, in – internal air temperature.

FIGURE 1. Functional structure of the control system
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bioobject quality indexes [Lysenko et al. 
2011a].

As in the process it is necessary to 
make management decisions under un-
certainty, for biotechnical systems we 
have taken the approach of statistical 
games (games with nature) based on the 
analysis of the payoff matrix with a com-
promise Hurwitz criterion. In this case, 
the players are on the one hand the con-
trol system by selecting and performing 
some complex control actions (control 
strategies) seeks to maximize pro  ts in 
the production process, and on the other 
hand – nature with its random air tem-
perature changes (strategies of nature).

Thus, the main purpose of the PRB 
to determine the strategies of nature, 
i.e. recognition and reproduction of the 
future external air temperature  uc-
tuations. To do this, we have developed 
a three-step pattern recognition algorithm 
which is set up in successive re  nement 
of deterministic and statistical character-
istics of the disturbance changes outside 
the control object, using information on 
previous weather conditions, the param-
eters of which are  xed by the control 
system, and the forecast of Ukrainian 
Hydrometeorological Center. The tech-
nique is based on a comparison of the 
object closeness degree (air temperature 
change sections) with all the patterns. 
Acquisition of the air temperature  uc-
tuation implementations occurs accord-
ing to the shaping  lter method and us-
ing the distribution functions. Long-term 
tests of the pattern recognition algorithm 
have shown its effectiveness since the 
error values of pattern parameters and 
the actual future implementation do not 
exceed 0.8°C.

Due to the use of the developed intelli-
gent system in the poultry plant compared 
to traditional microclimate stabilization 
control systems the bioobject productiv-
ity remains virtually unchanged, energy 
costs reduce, particularly electricity – by 
20.82%, feed – by 0.5%.

It was shown [Lysenko et al. 2010b] 
that the control system can be used not 
only in Ukraine, but also in other areas 
with different climatic conditions and for 
other types of bioobjects.

Along with the above approach to 
predict natural air temperature distur-
bances, we carried out fundamental re-
search [Lysenko et al. 2010c, Lysenko et 
al. 2011b, Lysenko et al. 2012] and de-
veloped a method of pattern recognition 
and reproduction of future air tempera-
ture  uctuations on the basis of probabi-
listic neural networks (PNN).

It was proposed to transform the con-
trol system architecture (Fig. 1) into the 
structure shown in Figure 2, where the 
recognized pattern (R ) and probability 
of air temperature pattern appearance (p) 
from PRB and neural network pattern 
state estimate block (NNPSEB) respect-
ively, are transferred to DMB.

Thus, for the long-term statistics of 
natural air temperature disturbances, 
which was used in the above classi  ca-
tion method, it was formed 132 patterns 
with corresponding numerical values ����
of the input parameters [Lysenko et al. 
2010c, Lysenko et al. 2011b]. In solving 
classi  cation problems the network out-
puts are interpreted as estimates of the 
probability whether an element belongs 
to some class. The network actually 
learns to evaluate the probability density 
function.
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The use of neural network approach 
has allowed more accurately determine 
the onset and time of the pattern change, 
which has a signi  cant in  uence on the 
production process management.

From the above it follows that the 
approach to the integrated use of these 
mathematical apparatus, which were the 
basis for the intelligent control system 
for biotech objects is scienti  cally sound. 
It allows to not only use the a priori in-
formation but to acquire new knowledge 
in the process effectively adapting to the 
disturbing in  uences. 

CONCLUSIONS

The paper proposed a new solution to 
improve the ef  ciency of the indus-
trial production of agricultural prod-
ucts through the development and im-
plementation of the intelligent control 

system of biotech objects. There were 
used the techniques of modern control 
theory, mathematical statistics, stochas-
tic processes, game theory and statisti-
cal decisions, neural networks, genetic 
algorithm,  ltering, means of modern 
information technology. It is proved that 
in contrast to existing systems for today 
the most appropriate ef  ciency criterion 
for the process control system of agricul-
tural production is to maximize pro  ts, 
taking into account the dynamics of the 
bioobject physical condition and pos-
sible natural disturbances on the object 
based on the integrated use of neural 
networks and theory of stochastic proc-
esses methods to predict disturbances. 
Due to the use of the developed system 
(for example, the process of housing lay-
ing hens), compared with the traditional 
system of microclimate stabilization the 
bioobject productivity remains virtually 
unchanged, energy costs reduce, particu-

CB DMB PRB

LACD A CO

Upr

pr

–

U q in

Ucs 

ext 

LCS

DMS

pf

R

P

U

NNPSEB

p

A0m0

min

max

min – minimal mean square deviation of air temperature section, max – maximal mean square devia-
tion of air temperature section, m0 – mathematical expectation of air temperature section, A0 – ampli-
tude of air temperature section, p – probability of air temperature pattern appearance.

FIGURE 2. Functional structure of the control system with neural network pattern state estimate block 
(NNPSEB)
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larly electricity – by 20.82%, feed – by 
0.5%. It is demonstrated that the devel-
oped control system can be used not 
only in Ukraine, but also in other areas 
with different climatic conditions and for 
other bioobjects.
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Streszczenie: Metody efektywnego energetycznie 
zarz dzania obiektami biotechnicznymi na pod-
stawie przewidywanych zak óce  naturalnych. 
Aktualnie wi kszo  biotechnicznych obiektów 
w rolnictwie, takich jak kurniki, szklarnie i inne, 
funkcjonuj  z uwzgl dnieniem metody stabili-
zacji technologicznych parametrów rodowiska 
(temperatura powietrza, wilgotno  powietrza 
itp.). Takie podej cie prowadzi do nadmierne-
go zu ycia róde  energii (energii elektrycznej, 
gazu). Inteligentna kontrola i sterowanie bazuj ce 

na wykorzystaniu ró nych strategii (nie tylko stra-
tegii stabilizacji), przewidywaniu i uwzgl dnianiu 
naturalnych zak óce  w obiektach biotechnicz-
nych, a tak e  zjologicznych cech obiektów bio-
logicznych (drób, materia  ro linny itp.) pozwa-
laj  na zmniejszenie zu ycia energii. W artykule 
przedstawiono szczegó ow  wiedz  dotycz c  
obszarów w czenia systemów kontroli obiektów 
biotechnicznych, metodologicznie bazuj cych na 
specjalistycznym oprogramowaniu algorytmicz-
no-matematycznym z uwzgl dnieniem metod 
teorii gier i statystycznych rozwi za , sieci neu-
ronowych (uwzgl dniaj c algorytm genetyczny) 
 ltruj cych elementy sk adowe sygna ów infor-

macyjnych. 
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