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Abstract. Based on theories of random processes,
games and the adoption of statistical solutions have been
developed energy-efficient automation systems for a
complex biotechnical object - a poultry house, where the
use of intelligent algorithms is foreseen for the formation
of management strategies. The application of such a system
leads to a decrease of the energy component in the structure
of the cost of products down to 13%.

The core of such a system is the knowledge base, the
production rules of which allow to predict natural
perturbations on the poultry house, and, using the payment
matrix and the Hurwitz criterion, choose the best
management strategy of the electrical engineering complex
of the poultry, which maximizes the profit of production.

Key words: natural perturbation, automation,
intellectual control system, payment matrix, Hurwitz
criterion.

Introduction

Agricultural sector of Ukraine saturated complex
biotechnological facilities where production technology
requires significant energy costs.

Formulation of problem

These include poultry, greenhouse plants, enterprises
producing mushroom products.

Since the conditions of use of traditional stabilization
systems for automatic control of the production cost of
poultry products power up to 20% for greenhouse
complexes - 80%, and mushroom products - up to 50%.

It is clear that under the constant rise in the cost of
energy media manufacturers interested in using energy
efficient algorithms that enable a significant reduction in
the fate of energy in the cost structure of production.

The solution to the abovementioned problem is
possible by taking into account the results of prediction of
natural disturbances and their compensation acting on the
object.

Analysis of recent research results

For example poultry consider one of the embodiments
of intelligent algorithms that are able to maximize profit,
primarily by saving energy, using stochastic processes,
games and statistical decisions. The structure of the system
shown in Fig. 1.

Its characteristic feature is the presence of two levels
of control:

e I-level — process, which is implemented for
standard control criteria (eg, minimization linear Integrated
Quality Score transition [4, 5]):

fooo ydt = min, @
where: y — the output value of the regulated object; t —
time.

Expression (1) minimizes power consumption for
keeping the output value of control object at a given level
of technology.

e ll-level - production, for which is realized as
profit maximization criterion:
P =1—-C = max, (2)

where: P — profit of production; I — income through sales
of production; C - production costs, including at the
expense of energy costs to maintain the necessary
technological parameters.

The basis of the above system structure that
implements the specified criteria control object is its
knowledge base, which is constantly interacting with the
database, forms the criteria according to the expressions 1,
2.

As mentioned, the knowledge base is implemented on
the basis of the theory of random processes, since the
poultry houses are natural disturbances that vary randomly
by law (eg temperature). Such natural disturbances
succeeded classified according to their individual images
(classes), as shown in Fig. 2 [6].

Purpose of research

The aim of our work is creating energy efficient
systems automate complex biotechnological facilities
operation which is carried out through the use of intelligent
algorithms.
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Fig. 1. Simplified diagram of energy saving system of production of poultry.
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Fig. 2. Images (classes) of natural perturbations affecting poultry: a) - with stable mathematical expectations (class
1); b) - with variable mathematical expectations (class 2); c) - with a deterministic component with constant daily period
and averaged amplitude of oscillations, constant mathematical expectations (class 3); d) - with variable mathematical
expectations and periodic fluctuations (class 4).

Results of research where: & — the random component is characterized by
correlation  functions of gray and pink noises

Mathematical models such images can be represented R(7)= D.e " and R(7)= D.e cos(Br) in

accordance; cyclic frequency of oscillations w:iﬁ,

as:
ei:ui +Wi+Si+8i. (3)
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where the period of oscillation is always a day — 24 hours;
ui — trend; Wi — regular fluctuations; S;i — periodic
fluctuations.

o0 predict natural disturbances developed methods of
reproduction. For this purpose, used the method of forming
the filters, which use stochastic Ito equation [7, 8]:

IXO | ox (1) = A-V (1)

and

d2X (t) dX (t)
dt? +p dt

_ B‘:dV (t) +§V(t)]

+;/X(t)=, 4)

dt
where: X(#) — stationary random process with zero
mathematical expectation; V(t) — white noise with single
intensity; a, B, v, & A, B — steel coefficients, which are
determined from the statistical characteristics of the classes
of images.
Specified possible to determine the transfer function
shaping filter:

Da 1 s+1
\ z(a® + )\ Ja? + p° )

1 2 2a s
a®+ p? a®+ p?
where: «, B, D - statistical characteristics of the
corresponding class of natural perturbation.

WH(S) =
+1

Playing images of natural disturbances conducted
using software environment MATLAB. Structural diagram
of playback implementations temperature perturbation
characteristics of stationary and quasi-stationary areas
shown in Fig. 3, and sample playback changes in air
temperature, which is the realization of a random process
with regular oscillatory component — Fig. 4.

The system is based on the analysis of natural
disturbances and the biological component states predicted
natural perturbations and forms the basis for this
management strategy, using game theory (nhature) and
statistical solutions.

The game describes the nature of the payment matrix
is shown in Fig. 5.
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Fig. 3. Structural scheme for reproduction of possible realizations of natural temperature disturbances.
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Fig. 4. An example is the reproduction of temperature changes for the image of the 4th class of perturbations.
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Fig. 5. Payment matrix of the game with nature (for the subsystem of the adoption of management strategies).

In this game lines 4; — system management strategies,
and column N; — nature strategies (possible implementation
of changes in air temperature). Items of payment matrix ajj
— profit from the production of eggs, which can be obtained
by applying 4; control strategies while implementing the
strategy of nature N;. In the present system of value ajj
defined by the expression:

a,=C,-N-(C{-M+C,-E),

where: C¢, Ct and C,. — the cost of chicken eggs, feed units
and 1 kWh respectively; N — the number of eggs dropped
during the development of the strategy of nature Nj; M —
the amount of feed consumed by all chickens in this poultry
house during the same period; E — quantity kWh electricity
consumed during the development of a management
strategy A..

Items of payment matrix game with nature are based
on cost of production, energy, concentrated feed and
biological features component (egg production and feed
intake).

For class predicted natural perturbations of some
statistical characteristics are reproduced using the method
of forming filter 10 implementations, of which 3 are
selected, taken by the strategy of nature. To compensate for
natural strategies used 5 management strategies.

Optimal management strategy carried out by
analyzing payment matrix using Hurwitz criterion. It gives
a weighted average profit with little risk, based on the
conditions [6]:

Hu = m;ax(;g m?x a; +(L-2) mjln a;), ()

where y — the optimism coefficient, which can reach values
from O to 1.

When » = 0 this criterion degenerates into extreme
pessimism Wald criterion (the precautionary principle and
reinsurance), and at y = 1 — first criterion maksymaksnyy
absolute optimist. Quite high precision forecasting and
reproducing images of temperature perturbations (natural
strategies) even the first stage of the recognition algorithm
and found a significant ability of birds to adapt to the
environment, gives grounds for optimism grant ratio values
greater than 0.5, that is confidently rely on the favorable
outcome of the decision. The proposed control system
adopted value y = 0,75. The effectiveness of such a
decision confirmed by experimental research management
system in a production environment. Increasing factor to
0.8 and reduced to a value less than 0,

The proposed control system has reduced energy
component in the cost structure of poultry products by 10 -
13%.

Conclusions

1. Typical stabilization algorithms of management
strategies biotech facilities in terms of expensive energy
becomes ineffective.

2. Natural disturbances can be classified as relevant
images (classes) that represent a combination of
deterministic and random components.

3. Playing images of natural disturbances carried out
on the basis of shaping filter, which allows to predict these
natural disturbances.

4. Using game theory (game with nature) allowed to
build a matrix of payment and determine Hurwitz criterion
based on the best strategy for the control object.
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EHEPI'OE®EKTUBHI CUCTEMU KEPYBAHHA
CKIIAIHNMMU BIOTEXHIYHMMUM OB’€KTAMU
B. Il. Jlucenxo, B. M. Pewwemiox, K. B. Haxoneuna

Anotanis. Ha ocHOBI Teopiii BUTIaTIKOBHUX TIPOIIECIB,
irop Ta TPUHAHATTA CTAaTHCTUYHUX pilleHb pPO3po0iieHa
eHeproe()eKTHBHA CHCTEMH aBTOMAaTH3aLlil ISl CKJIaJIHOTO
0ioTexHIYHOr0 00’€KTa — NTALIHUKA, J¢ JUIT GOpMYBaHHS
cTparerii  KepyBaHHs Iepen0aueHo  BHKOPHCTaHHS
IHTEJIEKTyalbHUX  ITOPUTMIB. 3aCTOCYBaHHS  Takoi
CHCTEMH TIPU3BOAMTH JIO 3MEHIIEHHS EHEePreTHYHOT
CKJIa0BOI B CTPYKTypi cO0IBapTOCTI  BHPOOIICHOT
npoaykuii 1o 13% [1, 2, 3].

OcHOBY Takoi CHCTEMH CKiIamae 0Oa3a 3HaHb,
MIPOXYKIIHHI TpaBHiIa KOTPOi JO3BOJSIOTH MPOTHO3YBAaTH
MIpUpPOHI 30ypeHHS Ha NTAIIHUK Ta, BHKOPUCTOBYIOUH
IUTATDKHY MAaTpuIio Ta Kputepii ['ypsima, BuOmpaTh
HaliKpally CTpaTerito KepyBaHHS eJICKTPOTEXHIYHUM
KOMIUIEKCOM TNTAIllHMKA, II0 MAaKCUMI3ye IpUOYTOK

BUPOOHUIITBA.
Krouosi cjoBa: TPUPOJIHI 30ypeHHH,
aBTOMaTH3allisd, IHTEJEeKTyalbHa CHUCTEMa KepyBaHHA,

IUIaTDKHA MaTpHL, Kputepiit I'ypBima.

OHEPT OODPDOEKTUBHBIE CUCTEMBI
VIIPABJIEHM A CJIOKHBIMU
BUOTEXHUUYECKMMU OB BEKTAMU
B. @. JIvicenko, B. M. Pewiemiox, K. B. Haxoneunas

AnHoranmsa. Ha ocHoBe Teopuil ciyuaifHbIX
MPOLIECCOB, UTP W TMPHUHATHS CTATUCTHUUECKUX PEIIeHUN
pa3pabotaHa sHeproapdexTuBHas CUCTEMBI
aBTOMATH3ALMH JIJIs CJI0XKHOTO OMOTEXHUYECKOI0 00bEKTa
— TNOTUYHHKA, T i1 (OPMHPOBAHUS  CTpaTEruit
yIpaBlIeHUS MIPETYCMOTPEHO HCIOJIb30BaHUe
MHTEIJIEKTYaJIbHBIX ~alrOpUTMOB. IlpuMeHeHue Takou
CUCTEMBl TNPUBOAUT K YMEHBIICHHIO HHEPreTHYECKON
COCTaBIISOIICH B CTPYKTYpE cebecTOMMOCTH
MPOU3BOIMMOM npoayKuuu 10 13%.

OCHOBY Tako# CHCTEMBI COCTaBIIsIeT 0Oa3za 3HAHHWH,
MPOLYKIIMOHHBIE npaBuIia KOTOpOit MO3BOJISTFOT
MIPOTHO3UPOBATh MPUPOTHBIC BO3MYIIICHHSI HA ITUYHUK U,
UCIOJb3YS IIATEKHYI0 MaTpully W kpurepuil I'ypsuna,

BBIOMpaTh  HAWIYYIIyI0  CTPATEerHI0  YIIPaBICHUA

ANEKTPOTEXHUYECKUM KOMILIIEKCOM NTUYHUKA,

MaKCUMM3HPYIOUTHH MPUOBLIH TPOU3BOICTBRA.
KiroueBble ciaoBa: IpHUPOAHBIE BO3MYLICHHS,

aBTOMATH3alus, HHTEIUIEKTYaJIbHAsl CHCTEMa YIPaBIICHHS,
IUIaTeXHas MaTpuna, Kpurepuit ['ypsuna.
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