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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 environmert #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 representasoshown. A flexible structure
of control unit is proposed.
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AHOTALIA Buxopucmanns 6i0Ho8m08anbHux Ocepen enepeii (BHE) mae psaod ocobnusocmetl, Axki no¢ szani 3 ix manion ma
HecmabinbHow 6 uaci Guxionow nomydcHicmio. Tomy euHuxae HeoOXiOHicmb iX napanenvbHozo nio' €OHaHHA 075 3a0e3neyeHHs
He0OXIOHOI GUXIOHOI NOMYNCHOCMI MA 6CMAHOGAEHHS AKYMYJIAMOpa 05 nepeposnodiny eHepeii, idibpanoi 6i0 B/[E, ¢ uaci.
Mooicnusicmov napanenvroi pobomu pisnomunuux B/JE 6 cucmemi enekmpooicusients 3a6e3neuyemopcsi 6CMAaHO8IeHHIM Ha iX 6Uxo0i
nepemeoplosayie elekmpuiHoi enepeii, AKi UKOHYIOMb QYHKYIIO Y320021CYBANLHO0 NPUCMPOIO § MOJICYMb NPAYIOBAMU 8 PEeNCUMI
Odicepena cmpymy, Hanpyeu abo nomyosicnocmi. Kepysanus nepemeopiosauamu enexmpoenepeii 30iliCHIOEMbCA 3 GUKOPUCAHHAM
2eMepPO2eHHUX OaHUX Npo HABKOAUWIHE cepedosuuje (HOMYIICHICMb COHAYHO2O GURPOMIHIOBANHS, WEUOKICHb | HANpAM Gimpy,
memnepanypa, 60J102iCms MOwo), PexcuMu pobomu cuio6020 obnadnanus (npocmoposuti po3noodin 0xcepen enepeii i ix euxiona
NOMYNCHICMb, PI6eHb 3apAdy aKyMyIsmopie, oOcse empam ewepeii 6 cucmemi) [ HOMY*CHOCmi cnoxcueauis. Ilokpawenns
ehexmugHocmi KepygamHHs Nepemeoplosaiamu CUCeMU el1eKMPOICUBTIEHHS MOJICIUBe 3d YMOBU HAKONUYEeHHS, 0OpoOKu ma
inmezpayii danux 6i0 ycix docmynnux dasauie cucmemu. Oonax npu 30ineuenni kinokocmi B/[E, axi 6x00ame 00 ck1ady cucmemu
e1eKMPOACUBTIEHHS, 3 00HO20 DOKY eKCNOHeHYIlIHO 3pocmae 006cse 00poOAI0BAHUX | MPAHCNOPMOBAHUX OAHUX MIJIC 8Y3NAMU CUCTEMU,
3 HUW020 OOKY — uepe3 3pOCManHs KilbKOCMI napamempis, sKi 6X005mb 00 3aKOHY KepYSAaHH:, U020 3a2albHUll 8Us0 3HAYHO
VCKNAOHIOEMbCA T He Modice 6ymu eugedenuti agmomamuuno. Tomy 0 KepyBanHsa maxodic 6UKOPUCMOBYIOMb 3HAHHS eKCNepmis, sKi
nepesasicHo npedcmasneni y 6u2iia0i npasuil, wo 003601Umby 3abe3nevumu. 3MeHuenHa 06ca2y mpaHcnopmosanux i 0opooIoeanux
oanux; 30iNbUeH s 2HYYKOCII Kepy8ants CUCHEMOI0 eIeKMPONCUBNEHHS, MOJICUBICMb 6UOOPY cmpamezii KepyBanHs 3a1edlcHO 8i0
HasigHoi inghopmayii npo cucmemy i 06¢s120M GUMIPAHUX OAHUX.

Knrouogi cnoea: xonmexcm, icpapXxiunuti npunyun Kepysanisl, eKCnepmHi 3HaHHs, NPAUNA KepyBaHHs, GiOHOGII0BANbHI 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 dameutric
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¢ 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. Theeedqules

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 sevetsinsmitted 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 sewmpaeof
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 ioih
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@rdy 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.. 10 -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 correspandbte
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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 nath 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.
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AHHOTALTHA [losviwenue s¢pgexmusnocmu ynpagienus npeobpazoeamensimu Cucmemsvl dNeKMPORUMAHUA BO3MOICHO NPU
VC08uU HAKoNeHus, oopabomku u uHmezspayuu OAHHLIX OM 8cex OOCMYNHLIX damuukos cucmemvl. OOHAKO npu yeenudeHuu
KOUYeCmB8a 80300HOGIAEMbIX UCMOYHUKOG DIeKMPOIHEPSUU, KOMopble 6X005IM 6 COCMAg CUCmeMbl NeKMpOonumanus, ¢ 0OHOU
CMOPOHYL pacmem SKCNOHEHYUATbHO 00beM 00pabamvleaemvlx i MpaHCHOPMUPYEMbIX OAHHBIX MEICOY YINAMU CUCIEMbL, d C OPY20ll
- U3-3a pOCMA KOIUYEeCmea napamempos, 6X00AuWUx 6 3aKoH ynpasneHus, et oouuti U0 3HAUUMENbHO YCIIONUCHACMCS U He MOodicen
6b1mb gvigeden agmomamuyecku. [loomomy 0na ynpasnenus HeobX00UMO UCNONb308AMb 3HAHUS IKCHNEPMOE.

Kniouesnvie cnoga: xonmexcm, uepapxuyeckuti nPUHYuUn ynpasienus, sKCnepmubvle 3Hanus, npasuia ynpasieHus, 60300H0611eMbIX
UCOYHUKOG dHEp2UU
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