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ABSTRACT The necessity of using the parallel connectioneokwable energy sources (RES) at an electric grighwleads to a
complicated control is shown. The control improvenmenbasis additional data about the environment #ire grid infrastructure is
described. The data formalizing to a context focrdasing calculation complexity and using expemwiedge is proposed. The
example of context using is shown. A hierarchicakimd system on basis variety of data representaisoshown. A flexible structure
of control unit is proposed.
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AHOTALIA Buxopucmanns 6i0H08m08aNbHUX Odcepen enepeii (BHE) mae psaod ocobnusocmetl, Axki noe szani 3 ix manion ma
HecmabinbHow 6 uaci Guxionow nomydcHicmio. Tomy euHuxkae HeoOXiOHicmb iX napanenvbHozo nio' €OHaHHA 075 3a0e3neyeHHs
He0OXIOHOI GUXIOHOI NOMYJNCHOCMI MA 6CMAHOGAEHHS AKYMYJIAMOpAa 075 nepeposnodiny eHepeii, idibpanoi 6i0 B/JE, ¢ uaci.
Mooicnusicmo napanenvroi pobomu pisnomunuux B/[E 6 cucmemi enexmpooicusients 3a6e3neuyemopcsi GCMAaHO8IeHHAM HA iX 6Uuxo0i
nepemeoplosayie elekmpuiHoi enepeii, AKi BUKOHYIOMb QYHKYIIO Y320021CYBANLHO20 NPUCMPOIO § MOJICYMb NPAYIOBAMU 8 PEeNCUMI
Odicepena cmpymy, Hanpyau abo nomyoicnocmi. Kepysanus nepemeopiosauamu enexmpoenepeii 30iliCHIOEMbCA 3 GUKOPUCIAHHAM
2eMepPO2eHHUX OaHUX Npo HABKOAUUWIHE cepedosuuje (HOMYIICHICMb COHAYHO2O GURPOMIHIOBANHS, WEUOKICHb | HANpAM Gimpy,
memnepanypa, 60J102iCs Mowjo), Pexicumu pobomu cunoe020 obnadHanus (npocmoposuti po3noodin 0xcepen enepeii i ix euxiona
NOMYNHCHICMb, PI6eHb 3apAdy aKyMyIsmopie, oOcse empam ewepeii 6 cucmemi) I HOmMydCHocmi cnoxcueauis. Ilokpawenns
ehexmugHoCmi KepygaHHs Nepemeoprosaiamu CUCeMU el1eKMPOICUBTIEHHS MOJICIUBe 3d YMOBU HAKONUYEeHHS, 0OpoOKu ma
inmezpayii danux 6i0 ycix docmynnux dasauie cucmemu. Oonax npu 30inbuenni kinokocmi B/JE, axi 6x00ame 00 ckiady cucmemu
€1eKMPOACUBTIEHHS, 3 00HO20 DOKY eKCNOHeHYIlIHO 3pocmae 0b6cse 00poOAI0BAHUX | MPAHCNOPMOBAHUX OAHUX MIJIC 8Y3NAMU CUCTEMU,
3 HUWo20 OOKY — uepe3 3pOCMAanHs KilbKOCMI napamempis, sKi 6X005mb 00 3aKOHY KepYSaHHs, 1020 3a2albHUll U0 3HAYHO
VCKNAOHIOEMbCA T He Modice 6ymu gugedenuti agmomamuuno. Tomy 0 KepyeanHsa maxodic 6UKOPUCMOBYIOMb 3HAHHS eKCNepmis, ki
nepesasicHo npedcmasgneni y 6u2iaoi npasui, wjo 003601umb 3abe3nevumu. 3mMeHuenHa 06ca2y mpaHcnopmosanux i 0opooIoeanux
Ooanux; 30inbUeH s 2HYYKOCII Kepy8anHs CUCHEMOIO elIeKMPONICUBNEHHS, MOJICUBICMb 6UOOPY cmpamezii KepyBaHnHs 3a1edlcHO Gi0
HasieHol inghopmayii npo cucmemy i 06¢s120M GUMIPAHUX OAHUX.

Knrouogi cnoga: xonmexcm, icpapXxiunuti npunyun Kepysanisl, eKCnepmHi 3HaHHsA, NPAUNA KepyBaHHs, GiOHOGIIOBANbHI Odicepena eHepeil

Introduction The grid’s sensors data accumulation, processing,
and integration allow improving the control effeetness.
The RES have nonstable output power, therefoBut increasing the RES number causes to an exgahent

they are connected in parallel to an electric gpi@nsure increase of the transmitted and processing dameEutric
the required output power. Redistribution RES eyeng grid control law also complicated due to increasifg
time is provided by a battery installing. The REBaflel  control parameters. In this case, for the contray tve used
work are achieved by using matched devices on pasisr | jes on basis expert knowledge [3]. Such contystesn
converters which work in voltage, current or poweurce ,¢ 4 hierarchical structure and consists of auhous
mogle_s [1’2]'_ Heterogeneous data_ of _environmenar(solunits' The top-level hierarchy control system unitfeal
radiation, wind ~speed, and direction, temperatur@Yith general processes of the overall grid. Thesedqules

humidity), power equipment modes (the RES Spatl"iljsed by reason of control complexity on this leVake low-
arrangement, its output power, the battery poweelle

power loss level), load's power are used for colever level control units subordinate to top-level unasd
control ' manage of the separate equipment use a PID cantlall

or more advanced laws on basis time series (T@&ydction
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formalization between a two type units is an urgeablem (average value, RMS, trend) instead its TS. Theamlent
for such control systems of the electric grid. generalization may be performed by the signal
extrapolation with a predetermined reliability. $hi
Goal information allows determining the signal changinger

time more accurately and additionally decrease haf t
The TS processing sequence consist of sevetinsmitted information between units.
procedures: fixing the values of control parameteys

thesensors and obtaining the TS, the analysis ef t The statement of the base material
reliability of the obtaining the TS data, determmithe o _
preferable TS length, the TS filtration, approximaf and The data reliability is an important aspect foe th

prediction [4]. electric grids with high-level electromagnetic reisA

The low-level control units may use the TS but fopreliminary data processing is desirable in thisec&tatic
the top-level units is necessary data formaliziagause it methods may use here, especially a least squateodhet
allows reduce the amount of the processing dataease (LSM) [5]. The LSM allows defining a predict paratees
intelligent of the control, use expert knowledgeor F With the minimal standard deviation (SD). The sewpaeof
instance, it is possible to transmit a signal iraéipdicators data processing is shown in Table 1.

Table 1. the sequence of data processing
Step 1
Approximation the TS by polynomial function

y =T (t,Co,Cy,---,Cn), Where ek is constant coefficients, for instancy = ct? +
cit +¢o

A

Step 2
A standard deviation calculation for the TS valuessy and the
parameters estimation of approximation functione«

approximation function y
® Sy

e lSD 5
TS data > predict O = _r

interval Jn

h b wheren is the TS length

0 - \\ t
current interval
______ _ threshold _ __~
ymin N

Step 3 Step 4
The function values prediction in a some predict iterval with 3¢ | The information formalization
reliability
Yiin = (C2-36c)t? + (C1-30c)t + (Co-20ck); TS value := «Decrease»
Ymax =(C2+30i)t? + (Cr+300t + (Cora0ck); The rate of increase of the signal in the current

interval := «-2.5..-3.2» The signal will cross thineld in time
interval := 4;..t;» Average signal value :ZAg>
SD = «o»

The TS approximation allows predict and use: 4.
signal values for control in the analytical form ioin
minimizes storage space and transmitted rate far &éso, "°

. ———u=1,1U,
the analytical form of the data helps us to use cemtrol 45 | —u=1,00,
methods, for instance adaptive, robust or prediethods ----u=z0,90,

[6]. The obtained analytical functions may be folimeal to ~ *®
a context [7, 8] for subsequent using to rulest@mrdy the
experts. The formalizing procedure of context dagvis
shown in step 4 of Table 1. = I ;
The formalized control method on the context basi ool 11" A N S N 5 U N B

supplements the numerical TS data by knowledgetabo.. -0 -08 -06 04 02 00 02 04 06 08 1.0 1.2
their physical meaning_and relatjons, environm&ﬂpsetc. Fig. 1.— P-Q diagram of a reactive power compensator
All these context data is stored in a graph whictailled a

grid ontology [9, 10]. For instance, we consideiQP-
diagram (diagram of active P and reactive poweonf®
reactive power compensator which is shown on fig. 1

04

The family of curves P-Q is threshold values fa th
compensator control system. If the compensatoratingr
point is above of threshold value which correspandse
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compensator DC link voltage U, the context of therent
mode is «Compensator DC link voltage is:= Not efioug

In another case the context has value «CompenBeor 4

link voltage is:= Enough». If the compensator masle
unsatisfactory, a control command has to genefate,

instance, «Increase DC link voltage by 10 %». The

prediction data make control more flexible.

They help define a time of some event «After te§-
seconds DC link voltage will := Not enough». The

described examples of context may used like inpta ébr
rules developing. The rule example is shown orfdbeth
layer structure of rule is shown on fig. 2. The teah
parameters are on the first layer. They are “Ptediita

about loads”, “Current sensors data” and “Predictelt

sensors data” etc. Some context attributes usedufes
design shown on the second level, for instanceitit@r’,

“Available”. The context attributes combined uslagical
operators on the third level. Control commands iobth
on the fourth level. The control commands are dtiséor
control units of the lower level of the hierarchumerical
values of stimulus may calculate directly or ondt the
direction of change.

The discussion of the results

Plenty of options for data formats allows choose th

appropriate control method. It depends on compésten
and format of the accessible information the cdrtbject,
its complexity. Also additional information helpsvidie
control on separate processes and use it dependitize

context. Part of the processes are necessary, the o

processes may linked if needed. A structure otctidrol
unit is shown on fig. 3.

Conclusions

The variety of data representation forms, addifiona

information about the electric grid system contdimethe
ontology allows to use the intelligent control naih to
provide such benefits:

- reducing the amount of processed and transmitted

data;
- flexible control of the electric grid;

- control strategy selection depends on availabl

information.

Crucok JiTeparypu

1. Kupunenko, A. B. Ilpeobpa3oBateqn mapameTpoB
9NIEKTPOSHEpPrud B Smart cucremax sHepretuku /| A. B.
Kupuienko, 10. U. SIkumenxo, B. 5. Kyiikos, C. II.
Henectok /| Ipayi incmumymy enekmpoounamixu. Crer.
Bumryck. —Kuis. — 2010. -C. 17-23.

2. KyiikoB, B. $. ®dopmupoBaHHEe CHHYCOHIAIHHOTO
HAIPSDKCHHS Pa3HOTUITHBIME MCTOYHUKaMu dHepruu / B. 51.
Kyiikos, E. B. Bepounxuii, E. C. Ocunenxo //

Duepeocbepesicenue snepeemuxa suepeoayoum. — 2013. —
Ne8 (114). -C. 104-106.
3. Firat, A. Information Integration Using Contextual 9.

Knowledge and Ontology Merging [Web]: PhD Thesis:
27.08.03: defended Sep. 2003. MIT, 2003. 151p. URL:

http://www.mit.edu/~bgrosof/paps/phd-thesis-aykratfpdf
(access date: 29.05.2009).

Box, G. Time Series Analysis: Forecasting and ContrGl /
Box, G. Jenkins, G. Reinsel MWViley. — 2008. — 784 p.

5. Swerling, P. Modern state estimation methods from the

viewpoint of the method of least squares. Automa@oatrol
/ P. Swerling // IEEE Transactions— 1971. — Volume 16,
Issue 6. — P. 707-719. — doi:10.1109/TAC.1971.1098981

Rolf Issermann Digital control systems. Fundamentals,
deterministic control. — Springer-Verlag. — 1989. -
Volume 1. — 334 p.

Hong, J. Context-aware Systems: A Literature Review and

" Classification /J. Hong, E. Suh, S. Kim// Expert Systems

with Applications — 2008. — 36(4). — 8509-8522. —
doi:10.1016/j.eswa.2008.10.071.

Bepouukuii, E. B. Vcnonb30Banue KOHTEKCTHBIX JaHHBIX
[PH YIPABJICHHH PACTIPEICIICHHOM CEThIO 3IEKTpONUTaHus /
E. B. Bepouuxuii, A. T. KuceaeBa [/ Texniuna
enekmpoounamixa. — 2016 —Ne 1. — C. 55-59.

. Zhuikov, V. Integration of context-aware control system in

microgrid /V. Zhuikov, A. Kyselova// in Electronics and
Nanotechnology (ELNANQ)IEEE XXXIII International
Scientific Conference.— 2013 - P. 386-390 -
doi:10.1109/ELNANO.2013.6552029.

10. KucenawsoBa, A. I'. Perynsapusaniss KOHTEKCTHUX JAaHUX IPU

KepyBaHHI aBTOHOMHHUMH CHCTEMaMH eJIEeKTPOXKHUBICHHs/ A.

I'. Kuceawosa, I'. JI. Kuceawos // Bicnux HTY «XTII»,

Cepis: Hogi piwiennss 6 cy4yacHux mexnonozisx. — Xapkis:

HTY «XIII». — 2016. —Ne 12 (1184). —C. 125-130. -
doi:10.20998/2413- 4295.2016.12.18

Bibliography (transliterated)

Kirilenko, A. V., Yakimenko, U. I., Zhuykov, V. Ya.,
Denesyuk, S. PPreobrazovateli parametrov elektroenergii v
smart sistemakh energetiki [Converters parametessniart
electricity system].Prats institutu elektrodinaiki. Spets.
vipusk [Pratsi Instytutu Elektrodynamiky. Spetsjaln
vypusk] 2010, 17-23.

. Zhuykov, V. Ya., Verbiskiy, Ye. V., Osipenko, Ye. S.

Sinusoidal voltage generation by energy sourcefiffefrent
type. Energosberezhenie energetica energoaudl3,
8(114) 104-106.

Firat A. Information Integration Using Contextual
Knowledge and Ontology Merging [Web]: PhD Thesis:
27.08.03: defended Sep. 2003. MIT, 2003. 151p. URL:
http://www.mit.edu/~bgrosof/paps/phd-thesis-aykratfpdf
(access date: 29.05.2009).

Box, G., Jenkins, G., ReinselG. Time Series Analysis:
Forecasting and Contrdliley, 2008, 784 p.

Swerling, P. Modern state estimation methods from the
viewpoint of the method of least squares. Automatatrol,
IEEE Transactions, 1971, 6(16), 707-719,
doi:10.1109/TAC.1971.1099815

Rolf Issermann. Digital control systems. Volume 1:
Fundamentals, deterministic contr8pringer-Verlag 1989,
334 p.

Hong, J., Suh, E., Kim, S.Context-aware Systems: A
Literature Review and ClassificatioExpert Systems with
Applications 2008, 36(4), 8509-8522, doi:10.1016/j.eswa.
2008.10.071.

. Verbytskyi, I. V., Kyselova, A. G.Application of contextual

data for control of distributed power gridiekhnichna

elektrodynamika2016,1, 55-59.

Zhuikov, V., Kyselova, A. Integration of context-aware
control system in microgrid. in Electronics and

Nanotechnology = (ELNANO), 2013 IEEE  XXXIII

126

BICHUK HTY "XIII" Ne 18 (1190)



ISSN 2079-5459 (print)

ISSN 2413-4295 (online) CEPIS "HOBI PILHUEHHA B CYUACHUX TEXHOJIOTTAX"
International  Scientific Conference 2013, 386-390, Series: New solutions in modern technologiesKharkiv:
doi:10.1109/ELNANO.2013.6552029. NTU "KhPI", 2016,12(1184) 125-130, doi: 10.20998/2413-

10. Kyselova, A., Kyselov, G Regularization of context data of 4295.2016.12.18.
autonomous power supply systeBslletin of NTU "KhPI".

About authors (Bizomocri npo aBTopiB)

Verbytskyi | evgen — Candidate of Technical Sciences (Ph. D.), Assaaf.,Mational Technical University of Ukraine "Kyi
Polytechnic Institute”, 37, Prospect Peremohy, @30&iv-56, Ukraine; e-mail: verbitskiy@bigmir.net.

Bepouuvkuii €szen Bonodumuposuu— KaHAuAaT TeXHIYHUKM Hayk, HarioHanbHMi TexHiuHMI yHiBepcuTeT YKpaiHH
«KUiBCHKUI  MOMITEXHIYHUI  IHCTUTYT», JOUEGHT Kadeapu CHCTeMHOro mpoekryBanHs; M.KwiB, VYkpaina; e-mail:
verbitskiy@bigmir.net.

Kyselova Anna — Candidate of Technical Sciences (Ph. D.), Assoaf.,PNational Technical University of Ukraine "Kyi
Polytechnic Institute”, 37, Prospect Peremohy, @30&iv-56, Ukraine; e-mail: a.g.kyselova@gmail.com

Kucenvosa Anna I'ennadiigna— xanguar TexHiuHui Hayk, HanmionampHuUil TexHiuHHMN yHiBepcuTeT Ykpainu «KuiBcbkuit
HOJIITEXHIYHUH IHCTUTYT», OLIEHT Kadeapu cucTeMHoro npoekryanHs; M.KuiB, Ykpaina; e-mail: a.g.kyselova@gmail.com.

Please cite this article as:
Verbitskyi, 1. V., Kyselova, A. G. Context approach for electric grid cont®ullletin of NTU "KhPI". Series: New solutions
in modern technologies- Kharkiv: NTU "KhPI", 201618 (1190), 123-127, d0i:10.20998/2413-4295.2016.18.18

byos nacka nocunaiimecs na yio cmammio HACMYNHUM YUHOM:

Bepounbkuii, €. B. KoHTeKCTHUI Mi/IXi] KepyBaHHs CHCTEMOIO eekTpoxkusiieHHs / €. B. Bepouubkuii, A. I'. KucenboBa
Il Bichux HTY «XIII», Cepis: Hosi piwenns é cyuachux mexuonoeisx. —Xapkis: HTY «XIII». — 2016. Ne 18 (1190). -C. 123-127.
— d0i:10.20998/2413-4295.2016.18.18.

Toowcanyiicma ccvinaiimecv Ha dmy cmamuio C1e0ylouuM 00pa3oM:

Bepouukuii, E. B. KonrekcrHplil moaxo[ ynpasienust cucreMoi snekrponuranust / E. B. Bepouukwuii, A. I'.Kucenesa //
Becmuux HTY «XITH>», Cepusi: Hogvie pewienust 6 cospemennvix mexnonozusx. — Xapokos: HTY «XTIU». — 2016. Ne 18 (1190). —
C. 123-127. —doi:10.20998/2413-4295.2016.18.18.

AHHOTALTHA [losviwenue s¢pgexmusnocmu ynpagienus npeobpazoeamensimu Cucmemsvl dNeKMPORUMAHUA BO3MOICHO NPU
VC08UU HAKONJEHUs, 00pabomKu u uHmezpayuu OAHHLIX OM 8Cex OOCMYNHLIX damuukos cucmemvl. OOHAKO npu yeenudeHuu
KOUYeCmB8a 80300HOGIAEMbIX UCMOYHUKOG DNIEKMPOIHEePIUU, KOMopble 6X005IM 8 COCMAg CUCHmeMbl INeKMpOnumanus, ¢ 0OHOU
CMOPOHYL pacmem SKCNOHEHYUATbHO 00beM 00pabamvleaemvix U MpaHCHOPMUPYEMbIX OAHHBIX MENCOY YINAMU CUCIEMbL, d C OPY20ll
- U3-3a pOCMA KOIUYeCmea napamempos, GXo0AuWuUx 6 3aKoH ynpasneHus, et oouuti U0 3HAUUMENbHO YCIIONUCHACMCS U He MOodicen
6b1mb gvigeden agmomamuyecku. [loomomy 0na ynpasnenus HeobX00UMO UCNONb308AMb 3HAHUS IKCNEPMOE.

Kniouesnvie cnosa: xonmexcm, uepapxuyeckuti nPUHYuUn ynpasienus, sKCnepmuble 3Hanus, npasuia ynpasieHus, 60300H0611eMbIX
UCTOYHUKOG dHEp2UU
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