MIHICTEPCTBO OCBITU I HAYKH YKPATHU
OJIECBKA HAIIIOHAJIBHA AKAJIEMISI XAPUYOBUX TEXHOJIOT'TA

THCTUTYT KOMIT'FOTEPHUX CUCTEM I TEXHOJIOT'TH
«IHAYCTPIA 4.0» IM. ILH. INTATOHOBA

X1l MIZKHAPO/IHA
HAYKOBO-IIPAKTUYHA
KOH®EPEHIIA

IHOOPMAIIAHI TEXHOJOITI I
ABTOMATHU3ALISA — 2019

INFORMATION TECHNOLOGIES AND
AUTOMATION-2019

30ipHuKk KonoBineu

Yacruna 11

Opneca,
17-18 »xosTHsa 2019



Cekuisa 2

HaykoBi HanipsAMKH:

Cy4acHi MeTOAM i AJITOPUTMHU YIIPABJIIHHS
00'ekTaMu XIMiKO-TE€XHOJIOTIYHOI0 TUITY

ABTOMATHYHI 1 aBTOMAaTU30BaHi CHUCTEMH
YHPABJiHHA TEXHOJOTNYHUMH MPOLECAMHU Xap40Boil
Ta 3epHONEPEPOOHOI MPOMMCJIOBOCTI

ABTOMATH30BaHe YNIPABJIHHA Oi3Hec-pouecamMu:
KOHIenIii, MeTOAM, AJITOPUTMHU, CUCTEMH

IITyyHuid IHTEJIEKT 1 aBTOMATH3ALlIA
POOOTOTEXHIYHUX CHCTEM

Hoge B po3BUTKY iHpOPMALIHHO-KEPYIOYHUX
TEeXHOJIOTI: TeXHIYHa 0a3a, mporpamMHe
3a0e3neYeHHA, Mepexi.



Chaucok

CKOPOYEHb OpraHi3aiii, NpeACTABHUKHA IKUX B3S1JIM YUaCcTh Y KOH(epeHuii

Taomung 1
CxopouyeHHst IToBHa Ha3Ba opraHizauii Micrto Kpaina
BNTU Belarusian National Technical University Minsk Belarus
CAFU CRIAME of Armed Forces of Ukraine Kyiv Ukraine
DMTSAU Dmutro_Motornyl Tavria State Agrotechnological Melitopol Vipaina
University
DNU Vasy!' Stus Donetsk National University Binnuns VYkpaina
Ust-
EKSTU East Kazakhstan State Technical University D. Serikbayev | Kamenogorsk Kazakhstan
IAEI SB RAS Institute of Automa_tlon and Electrome_try of the Siberian Novosibirsk RUssia
Branch of the Russian Academy of Sciences
International Research and Training Center for Information
IRTC IT&S : )
NAS AND Te_chnologles and Systems of the l\_la_tlonal Academy of Kyiv Ukraine
MES Sciences (NAS) of Ukraine and Ministry of Education and
Science (MES) of Ukraine
KGES Kharkiv general education school Kharkov VYkpaina
LPNUU Lviv Polytechnic National University Lviv Ukraine
NTU “KhPT” Il\rgli(t)l;]taeI"Technlcal University "Kharkiv Polytechnic Kharkov Vipaina
NTU <KPls» National Technl_cal LlJ'nlversny Igor Sikorsky Kyiv Kyiv Ukraine
Polytechnic Institute
NU «OMA» Harmionanenuit yniBepcuteT «Onecbka MopchbKa akanemis» | Oxeca VYkpaina
NULESU Bitrg?zl University of Life and Environmental Sciences of Kyiv Ukraine
NATIONAL UNIVERSITY OF SHIPBUILDIN NAMED . .
NUOS BY ADM. MAKAROV Nikolaev Ukraine
ONAFT Odessa National Academy of Food Technologies Odessa Ukraine
ONU Odessa I.1.Mechnikov National University Odessa Ukraine
SSuU Sukhumi State University Sukhumi Georgia
VNTU Vinnytsia National Technical University Vinnytsia Ukraine
BHTY benopycckuii HallMOHAIBHBIA TEXHUYECKUN yHUBEpCUTET | MHUHCK benopyccus
BHTY BiHHHMIIBKWI HAlIOHATBHUN TEXHIYHUN YHIBEPCUTET Binaunis Ykpaina
I[BH?) «KHY» Z[ep?I(aBHHH BvI/IIJ_II/¥I/I HaB4YaJIbHUH 3aKjiaj] ((KpI/IBOp13BKI/II/I KpI/IBI/Iﬁ Pir YKpaiHa
HaIlIOHAJIbHUH YHIBEPCUTET)
HonHTY JloHelbK1ii HalllOHAIbHUHM TEXHIYHUM YHIBEPCUTET [TokpoBchk VYkpaina
IK HAH IacrutyT Ki6epHeTuku imeHi B.M. I'mymkosa HAH . .
N N Kuis VYkpaina
YKkpaiau Ykpaiau
HTY «XI1D» HaI_[I/IOHaJ'II)HI)II/I TUeXHI/I'-IeCKI/II'/'I YHUBCPCHUTET XapBKOBCKI/II/I XapKiB YKpaIHa
MOJIMTCXHUYCCKUHU NHCTUTYT
HTYY "KIII" HaI_I'IOHaJ'I'I)HI/II/IU TCXHI‘IHI/II/I }‘/HlBe.pCI/ITeT ((KI/IIBCI)KI/II/I” Kitis Vxpaina
NMOJNTCXHIYHHUU 1IHCTUTYT» IMCHI1 IPOp}I ClKOpCLKOF (6}
HY «JIII» Hamionaneuuit yHiBepcuteT «JIbBIBChKA MOMITEXHIKAY JIbBiB VYkpaina
OJIATPSI ,?Kiec?iKa JIep)KaBHA aKaJeMIsl TEXHIYHOI'O PETYIIFOBaHHS Ta Oneca Vipaina




[Tponorxenus Tabdnui 1

CxopoyeHHs IloBHa Ha3Ba opranizamii Micro Kpaina
OHA3 Opnecpka HanioHanbHa Akagemis 3B's13ky iM. O.C. [TomoBa | Oneca VYkpaina
OHAIIT Onecckast HallMOHAJILHAA aKaJeMus MUIIEBLIX TexHoioruid | Omecca Ykpauna
OHAXT OnecpKka HalllOHAJIBbHA aKajeMis ITIIeBiX TEXHOIOT1H Oneca VYkpaina
OHITY Opnecpkuil HaLlIOHATTBHUNA TOJTITEXHIYHUIN YHIBEpPCUTET Opneca VYkpaina

OnecbKuii HaIllOHAILHUK YHIBepcuTeT imMeHi . 1. .
OHY A I y p Oneca VYkpaina
MeuHnukoBa
Onechkuil TeXHIYHUN KoJeK O1echKoi HalllOHAIBHOT .
OTK OHAXT ACCBRH Nohie 1 Opneca Vkpaina
akasieMii XapuoBHUX TEXHOJIOT1H
[TiBaeHHOYKpaiHChKUI HallIOHAIBHUI TIeAaroriYHui .
TTHITY oA Y p 1 a Onmeca VYkpaina
yHiBepcuteT iM. K. J[. YmHcbKoro
XapKiBChbKHI HalllOHAJbLHUN HIBEPCUTET . .
XHYPE P . H YHIBED XapkiB Ykpaina
pPagioeIeKTPOHIKH
XPTK XapKiBCHbKUH paiioOTEXHIYHUHI TEXHIKYM XapkiB VYkpaina
IHAI OBT 3C | LlentpanbHuii HAyKOBO-IOCTIAHUIM IHCTUTYT 030pOEHHS Ta . .
. o N . . . Kuis Ykpaina
VYkpainu B1CbKOBOI TeXHIKH 30poitHux Cun Ykpainu
IOxHOYyKpanHCKHUI HAITMOHATBHBIN 11€1arOrMISCKHUI
IOHITY YKP Opnecca Ykpauna

yausepcuteT um. K.J[. ViunHckoro




SMICT

DOROHAN O.I., USHKARENKO 0O.0. THE PRINCIPLES OF USING THE THEORY OF
PATTERN NETWORKS FOR DESCRIBING OF THE AUTOMATED CONTROL SYSTEMS
SOFTWARE STRUCTURE (NUOS, UKFaineg). . .. ...oo e
ROMASEVYCH Y.O., LOVEIKIN V.S.,, KRUSHELNYTSKYI V.V. PI-CONTROLLER
TUNING OPTIMIZATION (NULESU, UKraing) . ...t
BUHERA M.G. SOLUTION OF THE PROJECTING PROBLEM PARAMETERS OF
PROTECTIVE EXPLOSIVE DEVICES (CAFU, Ukraing) ...,
YANAKOV V.P. INNOVATIONS IN THE DOUGH MIXING INDUSTRY (DMTSAU,
UKEAINE) . .\ e
POMAHIOK O.B., KABKA 0.0. OCOBJIMBOCTI 3ACTOCYBAHHA METOIAY
JIEUTHEPA JIJII ®OPMYBAHHS IIPAKTUYHUX HABHUYOK PO3B’JI3YBAHHS
AJITOPUTMIYHUX 3AJIAY B [IPOI'PAMHII IH)KEHEPI{ (BHTY, Ykpaina) . . . ..........
BABMY M.L, KAIYBA $.0. PO3POBKA TA JIOCJIIDKEHHSI MOJEJIEN
O®OPMYBAHHA PEKOMEH}IAL[IPI JUJIA IIJIBUILIEHHA E®EKTUBHOCTI
OBCJIYI'OBYBAHH KJIIEHTIB YV 3AKJIAJIAX XAPUYBAHHS (OHITY, Ykpaiua) . . . . .
PUXJIUK /.1O., KOBAJIEBCBKHH B.M. IHTEJIEKTYAJIbHA CUCTEMA KEPYBAHHS
I[TPOLIECOM CYIIIHHSA CYIIEPOOCDATHOI'O JOBPUBA (HTYY "KIII", Ykpaina) . . .
KUPHA30B HN.H., HIECTOIIAJIOB C.B., CTEIIAHOB M.T., XOBHUH B.A.
PE3VJIbTATBI TECTUPOBAHUA ACO3 IITJI HA MOPCKOM 3EPHOBOM TEPMUWHAIJIE
KOMITAHUUN «<HOBOTEX-TEPMUWHAJI» B I'. OAECCE (SE Group International, OHAIIT,
Ypauna) . . . . ...
KAPACBOBA 1.0. MOJIEPHI3AIIII CHUCTEMHM ABTOMATHM3ALII AUISHKU
JIO3YBAHHS KOMIIOHEHTIB U151 BUPOBHULITBA BETOHY (OHA3, Ypaina) . . . . . .
ORLOVSKYI D.L, KOPP AM., KONDRATIEV V.Y. USING DASHBOARDS FOR THE
BUSINESS PROCESSES STATUS ANALYSIS (NTU “KhP1”, Ukraine) .................
IBAHOBA JI.B., KPACHIEHKO H.B., CYJIIMA 10.€. [IPOTPAMHO-ATIAPATHUIA
KOMIIJIEKC CHUCTEMU TEIUIOHOCTAYAHHS HA COHSYHIM EHEPTII (OTK
OHAXT, VKPATHA) . . . . ... e e e e e
MYPATOB B.T. ABTOMATHU3NPOBAHHASA TEXHOJIOITUA TIEPEPABOTKU
BTOPUYHOI'O CbIPbS BUHOJEJIUS (OHAXT, Ykpaina) . . .............ccccvuunnnn..
BABMY M.I, BLUIOHIMIBKUMA B.B. PO3POBKA TA JOCJIIIKEHHS MOJEJI
[IPOTHO3YBAHHA TIOIMUTY JJId E®EKTUBHOI POBOTHU PO3MOAUIBHOI
JIOTICTUKU HA TIJIITIPUEMCTBI (OHITY, YKpaina) . ................cccovvuveneen...
®E/IIOK O.I1., KPUKAHOBCBKUM €.M. BUKOPUCTAHHS TEXHOJIOT'TIA AHAJII3Y
TA CHUHTE3Y JHAHUX JUJIA PO3POBKU OIITUMAJIBHOI'O PO3KJIALY 3AHATH
(BHTY, YKPATHA) . . . . ... .o e
I'YPCHKHM 0.0., I'OHYAPEHKO 0.€. JOCIHIIDKEHHA CUCTEM
EHEPTOE®EKTHMBHOI'O YIIPABJIIHHA ITPOLIECAMU OXOJIOJIXKEHHSA TTPOAYKTIB
HA BA3I JIABOPATOPHOI XOJIOJINJILHOI YCTAHOBKMU 3 TYHEJILHOIO KAMEPOIO
(OHAXT, YKPAIHQ) . . ... .. e
CKAKOBCBKHH IO.M. JOCHIIDKEHHA CUCTEMU ABTOMATHU30BAHOI'O
KEPYBAHHA BAKYYM-AITAPATOM [TEPIOJUYHOI I IIYKPOBOTI'O
BUPOBHUILITBA 3 METOIO If MOJIEPHIBALIIl (OHAXT, Ykpaina) . .....................
EYPI[EI7IHA 0O.B. TEXHOJIOI'TA KOI'HITUBHOI'O KOHCOHAHCY )11 KEPYBAHHA
HIJIBOBOIO BEPIINHOIO 3A HASABHOCTI IMITYJIBCHUX TTPOLECIB V CKJIAJITHUX
CUCTEMAX (BHTY, YKPAIHQA) . . . o« e oot ettt e et ettt eeeeeeenneeesseanannaneannnns
KOBAJIBYYK /1.A., MA3YP O.B., I'YIIAH B.B. ABTOMATU3AIIA JOCII/’)KEHHb
[TPOIIECIB YTUII3ALIIT TEITJIA TIAPOIIOBITPSAHIX CYMILIEN (OHAXT, Ykpaina)
KOPP A.M., ORLOVSKYI D.L. BUSINESS PROCESS MODEL OPTIMIZATION USING
THE CONJUGATE GRADIENT METHOD (NTU “KhPI”, Ukraine) . . .....................
JIOBUBUM B.0., POMAHIOK O.B. AHAJII3 METO/IB KEPYBAHHS ITOBE/ITHKOIO
BOPOI'IB Y CYUACHUX CTPATEI'TYHUX ITPAX (BHTY, Ykpaina) . ...................
KOPABJIEB B.A., MA3YPOK T.JI. HWH®OPMAIIMOHHAS TEXHOJIOI'USA

11

13

15

18

20

23

26

28

31

34

37

40

43

46

48

51

53

57

60
63



UDC 004.7:004.93
DOROHAN O.I., USHKARENKO 0.0.
NUQOS named by adm. Makarov (Ukraine)

THE PRINCIPLES OF USING THE THEORY OF PATTERN NETWORKS FOR DESCRIBING OF
THE AUTOMATED CONTROL SYSTEMS SOFTWARE STRUCTURE

An approach to the software structure description of the autonomous electric power plant automated
control system based on the representation of the software architecture in the form of a pattern network is
considered. Each generatrix is associated with a specific software object, and communication relationships
represent various types of information interactions between objects. Using the pattern theory gives the
opportunity to develop the algorithm of software formal reorganization in the context of reduction system’s
response time.

Introduction. Increasing the amount of information transferred between the system elements and the
number of operator-controlled parameters of the autonomous electric power plant requires the development of
new approaches to modelling and analysis of the functioning of such systems with a view to streamlining and
improving efficiency. The most difficult step in the implementation of automated control systems is the
development of software that meets the appropriate quality standards [1] — [3]. The top-level software task is
remote monitoring and control of autonomous electric power plant. To implement the essential functions of
electric power plant remote control through the network, the software must have means for the creation of
electric power plant layout, for monitoring and control of autonomous electric power plant in real time, analysis
of power unit operating modes and software [4]. At the same time, as noted in article [5], it is important to use a
formal approach to describe the interaction of software components and automation hardware.

The aim of the research is to define pros and cons of using the theory of discrete pattern networks for
developing and representing a software architecture for the autonomous electric power plant automated control
system, where each element in the pattern network encapsulates a finite state machine that implements the
behaviour of a particular object of the software, and relations with it constitute various types of information
interactions between objects.

Using a PC with specialized software as a top-level subsystem of the automated control system (ACS) of
the autonomous electric power plant (AEPP), and microcontrollers as the basis of automation hardware devices
allows to present the software structure of all components of the control system in the form of a pattern
network. The purposes of this are determining the composition and scheme of software objects interaction that
are part of the management system, formal description of the control system structure in the form of a set of
generatrix and calculation of the main indicators characterizing the information channel — system response time
and the communication channel load based on the values of the generatrix attributes forming and
communication relationships.

The structure of the power plant control system software in the form of a pattern network can be divided
into three components: specialized software for a personal computer containing an AEPP mnemonic circuit
(power plant monitoring and control mode; represented by the generatrices g1 — g20), software for automation
tools (generatrices g22 —g24) and interface device software (generatrix g21).

The power plant generally consists of m sections of ni (i € [1, m] ) blocks of diesel-generator sets,
protection of diesel-generator sets (DGS), means of displaying the parameters of the diesel and the generator;
ni-1 units for monitoring and controlling the DGS synchronization process with the main switchboard; 2-n;
impulse control buttons to change the diesel state; k; induction motors and loads; ni+k; circuit breakers and
LEDs to indicate their status; 1 load sharing device between generator units (GU) running in parallel.

Each element of autonomous electric power plant corresponds to a particular software object, which
implementation encapsulates the generatrices: g1 — Text field for displaying electrical parameters; g2 — Bar-
graph indicator; g3 — Pointer indicator; g4 — Generator; g5 — Diesel (with generator unit forming the DGS set);
g6 — Dialog box "Diesel parameters™; g7 — Dialog box "Oscillograms"; g8 — Synchronization system; g9 — GS
protection; g10 — Automatic circuit breaker; g11 — LED; g12 — Loading; g13 — Induction motor; g14 — Control
button; g15 — Load distribution system.

Generatrices g1 — g3 are used to designate the display units of measured electrical parameters; every
diesel-generator set may be bound with arbitrary but finite number of such units (designated as |4, I> and I3
respectively).

Electric power plant is remotely controlled and managed by means of displaying and processing the
received data from particular hardware resources of automation and sending to them commands (signals for
changing the state of protective relays, automatic circuit breakers and generator circuit breakers, diesel rotation
speed and generator excitation). To take into account the priority of operations and control of data exchange
process, it is necessary to create a common queries queues and expected responses.



The whole set of queries can be divided into two sets: information type queries (to receive the value of
DGS parameters and automatic and generator circuit breakers conditions) and control type queries (commands
to change the electric power station structure and / or parameters of electric energy, given up by DGS to the
network). For this reason, three generators correspond to queries and responses queues formation: gl6 —
variable length queue shaper; g17 — constant length queue shaper; g18 — final queue shaper.

Functions of the higher-level software also include information flows statistical data accumulation and
storage in the database of capacity values given up by DGS to the network and consumed by loading (g20
generator).

Considering inseparable logical connection existing between generator blocks, diesel engines, dialog
windows for displaying diesel and generator parameters, protection systems, synchronization systems, diesel
control buttons, generator circuit breakers (circuit breaker represented by a component) and LEDs of the states
of generator, as well as of load and asynchronous engines, circuit breakers with LED-indicators of their states (i
= const, j» = const (j2 € [1, k] )), and conditionally inseparable connection between the groups listed, the
software structure of computer for each section (i = const) can be written as a subset:

G' =G, +G, +G|,
where
6! =1{[o1}" [92]" [93), [o4]" . [o5", [o6T", [a7]" . [g8]**,
(99", [g10]" [g11]", [g14F"* [g15}},
6, = {[o12]* [o13]" 10 [or1} |
G; = {[o167. [017]. 028 [g19]  [920] |

and [gl]'ll designation is an abbreviated notation for the number of instances in subset (I, =#(g1,G,)).
Then, structure of the entire power plant control software is a set formed by the sum of the amounts of
subsets G, and G} and intersection of subsets G, of each section:

m - . m .
G=>(6!+G})+(G}.
i=1 i=1
According to discrete theory of patterns [6], each generator is characterized by certain arity. Thus, with
j1-th DGA in the i-th section, Ili’jl text fields, |;h scale and I;* dial indicators can be associated, and here

communication relationship p. is "one-to-many", i.e. generator g4 can be connected with arbitrary but finite
number of generators g1 — g3, and generators g1 — g3 with only one g4. Hence, arities g1 — g3 are equal to
unity:

olgl't )= w92 )= w(g3"h)=1,
which corresponds to the principle of realism: each indicator nit displays data obtained from only one DGS
unit, while these data (electrical parameters of generator) can be displayed in various combinations by various
means of indication. The generator block itself, in addition to links to

3 PO
N=>10
p=1
indicator units, should support informational connection with automation means, which is carried out by means
of the queue forming unit, and is represented as communication relationship o, of multiple inclusion ("many-to-

one" relationship) between generators g4 and g17: for each j1-th DGS in the i-th section, values of electrical

parameters of generator are interrogated. This implies arity g4:
3

L) — (7
(g4 )_Zélp 1,
p:

Similarly to arity of generatrices g9 —g11, g14 —g15:

o(910" ) = w(g11" )= w(g14" )=1,
o(g9"")= o(g15")=2.

Communication "one-of-many-to-one" relationship ps means possibility of the existence of connection at
each moment of time of only one of the plurality of instances of corresponding generator with the other
generator. For example, communication fso0sfs1 Stands for ni-th amount of "Diesel Parameters” blocks
(generatrix g6) at each time only one can participate in data exchange with automation facilities by means of
communication with the block of formation of queues with variable lengths (generator g16). Thus, the arities of
generators g16 and g17 are calculated as:

o(g16')=4+4-n, +k,,



o(g17')=1+3-n, +k,,
i.e. arity of communication for relationships p» is equal to power of corresponding generator in the i-th subset,
and for relationships ps is set to unity.

Generatrix g18 is unifying with respect to generators which reflect the formation of queues of constant
and variable lengths (g16 and g17), and is responsible for the formation of final queues of queries and responses
for the purpose of arrangement of data exchange over the physical communication channel. Since through it all
information about electric power parameters and state of the circuit breakers passes, the functions of block
represented by g18 generator include transmission of statistical data on information flows and electrical power
parameters to the database to corresponding blocks (represented by g19 and g20 generators).

Therefore, communication relationships between ps and ps are "purely” informational "one-to-one"
relations without direct exchange of data with automation facilities, while relationship pa, inclusion relationship
(also "one-to-one") means full inclusion of data obtained from generators into other.

Conclusion. Using the theory of pattern networks for describing the interaction of special software objects
allows to allocate inter-object communications involved in the formation of queuing system input flow through
the introduction of communication relationships, and further for objects, integrated by dedicated
communications, introduces attributes as the lengths of network data packages.

Thus, the use of pattern networks theory allows formal description of software structure of AEPP
automated control system; such form of presentation makes it possible:

— take into account all possible schemes of interaction of software objects when conducting functional
testing of the system;

— to make changes in the composition of software by introducing or removing generators and organizing
their interaction with existing generators by means of certain communication relationships;

— to take into account behaviour of all software objects that affect the system time of response to actions
of operator or changes in electromagnetic processes in control objects and affect the workload of data exchange
channel with automation tools;

— to formally perform reorganization of software structure, if it is necessary to change the time of system
response.
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