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INPUMEHEHUE AJITOPUTMOB HEUETKOM JIOTUKA
JJIs1 YIIPABJIEHUS OCBEILIEHUEM

AnHoTanusi. PaccmarpuBaercs TpPHMEHEHHE HEYETKHX QITOPUTMOB JUIsl  YIPABICHHS
OCBEIICHUEM C TEJIBIO MOBBIICHUS Y3PPEKTHBHOCTH U KOM(]OpTa B OQUCHBIX TIOMEIICHHSIX, HA YITHIIC
W Ha TMPOMBINUICHHBIE 00bekTax. Pa3paboraHa HSKCIEpPTHAs CHCTEMa, WCIOJB3YIOMas HEYETKYIO
JIOTUKY ISl CO3JIaHUS aJIAlITUBHBIX CIICHAPUEB OCBEIICHHS, YUUTHIBAIOIINX MapaMeTPhl OKPYKaroIei
Cpenbl, TPEANOYTCHHS II0JIb30BaTele, YPOBEHb €CTECTBEHHOTO OCBEIICHHS W BpPEMS CYTOK.
HccnenyroTcsi BXOIHBIC JIMHIBUCTUYCCKHE IIEPEMEHHBIC, TaKHUE Kak TeMIlepaTypa, aKTHBHOCTb
MIOJIB30BATENISl M DHEPronoTpedsieHNe, a TaKKe BBIXOJHBIC, BKIIOUYAs WHTCHCHBHOCTh W I[BETOBYIO
TEMIIepaTypy OcBelieHus. Ha ocHOBe aHanm3a BBISABICHBI ONTUMAIbHBIC HACTPOWUKH IS CO3JAHUS
KOM(OPTHOTO U S3HEProdp(HEKTUBHOTO OCBEIICHUSI.

KiaroueBble cjioBa: HeueTKast JIOI'Ka, OCBCIICHHC, KOM(I)OpT, aHaJIn3.

VOLKOB A. V., MARCHENKO A. V.
APPLICATION OF FUZZY LOGIC ALGORITHMS
TO CONTROL LIGHTING
Abstract. The application of fuzzy algorithms for lighting control is considered in order to
increase the efficiency and comfort of office premises, industrial facilities, and streets. An expert
system has been developed that uses fuzzy logic to create adaptive lighting scenarios that take into
account environmental parameters, user preferences, natural light levels and time of the day. Input
linguistic variables such as temperature, user activity and power consumption are investigated, as well
as output variables including intensity and color temperature of lighting. Considering the analysis
results, the optimal settings for creating comfortable and energy-efficient lighting have been identified.

Keywords: fuzzy logic, lighting, comfort, analysis.

[Ipy moCTpOSHWM COBPEMEHHBIX CHCTEM YIPABICHHS OCBEHICHHEM CTPEMSITCSI K TOBBIIICHHIO
5HEprod(H(HPeKTUBHOCTU U CO3AaHMI0 KOM(OPTHBIX YCIOBUH I mojb3oBareneil. OnHuM u3 Hanbolnee
MEPCIIEKTUBHBIX MOAXOA0B K PELICHHIO JaHHOM 3aJa4ud SIBISETCS HMCHOJIb30BaHME HEYETKOM JIOTHKHU,
KOTOpast TIO3BOJISIET CO3/1aBaTh CHCTEMBI C aJIAIITHBHBIMI HACTPOWKAaMH Ha OCHOBE MHOKECTBA (DaKTOPOB.
3T0 0COOCHHO BaXKHO B YCIIOBHSIX, KOT/[a TPEOOBAHHS K OCBEIICHHIO MOT'YT BAPEUPOBATHCS B 3aBHCUMOCTH
OT BPEMEHH CYTOK, YPOBHS €CTECTBEHHOI'O CBETA U MHAMBUIYaIbHBIX MPEAIIOYTEHHUN IT0Ib30BaTEIICH.

Heuerkas noruka npeacrapisier co60ii MaTeMaTHUECKUi MOIX0A K 00paboTke nHpopManuy,
OCHOBAaHHbI HAa TPHUHLOUIE YAaCTHYHOH TNPHHAMICKHOCTH, YTO MO3BOJISET  YYUTHIBAThH

HEONPEIeIEHHOCTh U HETOYHOCTh BXOAHBIX JIAaHHBIX. B OTIM4He OT TpaAuIIMOHHON OMHAPHOM JIOTHKH,
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r7ie IepeMeHHbIe MOT'YT MPUHUMATh TOJIbKO /1Ba 3HadeHus (0 wiu 1), HedyeTkas JOTUKa ONEPUPYET C
MPOMEXYTOUHBIMU 3HAUEHHUSIMH, 4YTO JenaeT e€ Oojee THOKOW Al MOJEIMPOBAaHUS PeabHBIX
nporeccoB [2]. B koHTekcTe ympaBieHUS OCBEHICHUEM 3TO OCOOCHHO Ba)KHO, MOCKOJIBKY TaKUe
napaMmeTpbl, Kak MpeINouTeHUs] MOJIb30BaTeNsl, YPOBEHb €CTECTBEHHOIO CBETa M TeMIlepaTrypa
OKpY)Karolllel cpenbl, MOTYT HU3MEHATbCA IIOCTENIEHHO U TpeOyIoT IUIaBHBIX KOPPEKTUPOBOK.
[IpuMeHeHne HEYETKUX AJITOPUTMOB TO3BOJISIET pa3padaTbiBaTh CUCTEMBI, KOTOPbIE aJalTUPYIOTCS K
M3MEHSIOIIMMCS YCIOBUSM, co3/iaBasi KoM(OpTHBIE U YHEPTrod(PPEeKTUBHBIE CLIEHAPUHN OCBEIICHUS Ha
OCHOBE JIMHTBUCTHYECKHX IIEPEMEHHBIX, TaKUX KaK «HU3Kas», «CPEOHSsA» U  «BBICOKAS»
WHTEHCUBHOCTh OCBEILECHUSI WU «TEIUIash», «HEUTpaJdbHAsS» U «XOJOIHAS» LIBETOBAas TeMIepaTrypa
ceera [1].

Jns paccmarpuBaeMoOil HEYETKOH MOJETH YIpaBJICHUS OCBEIIEHHWEM Oblia pa3paboTaHa
MOJIeIb aIallTUBHON U 3HEProd(pHEKTUBHON CHCTEMBI YIIPABJICHUSI OCBEIICHHEM B 3aBUCUMOCTU OT
KOHKPETHBIX  YCIOBUH W TNPEANOYTeHWM TOJb30BaTeNel, KOTOopas TO3BOJSET  CO31aTh
MEPCOHATM3UPOBAHHBIC CIICHAPHH OCBEICHHS, YYUTHIBAsI MHOKECTBO ()aKTOPOB, YTO CIIOCOOCTBYET
MOBBINICHUIO  KOMQopTa, IPPEKTUBHOCTH U  SHEProdP(PEKTUBHOCTH B  HUCIOJIH30BAHUU
HCKYCCTBEHHOT'O OCBEIICHHS Ha OCHOBE TEXHOJOTMHM HEUETKHUX MPAaBHJI BBIBOJA C HCIOIb30BAaHHEM
TUHTBUCTUYECKUX nepeMeHHbIX (JIIT).

B kauecTBe BXOAHBIX JMHTBUCTUYECKMX IEPEMEHHBIX MOJENIN ObUIM B3SITHI IMOKa3aTelu
Temrepatypsl okpyxkatoteit cpeasl (TOC), ypoBens ectectBeHHoro ocsenieHus (YEQ), Bpems cyTok
(BC), aktuBHOCTh monb3oBatens (All), morpednenue suepruu (I19), nmpeanoyreHus: moiab30BaTeNs
(TIT).

BbIXOIHOM JIMHTBUCTHYECKOW TMEPEMEHHOM SIBIIAETCS HWHTEHCHUBHOCTH ocBemienus (MO),
useroBas temneparypa cseta (L[TC), apdexruBHocTs ocemenus (30).

Jns Bxonubix JIII (IMHTBUCTHYECKUX TTEPEMEHHBIX ) BBOJAUTCS TEPM-MHOXKECTBO:

— teMnepatypa okpyxatomieit cpensl (TOC) — Hu3Kkas, cpeanss, BbICOKas;

— norpebnenue suepruu (I19) — HU3KOE, cpenHee, BHICOKOE;

— npeanouteHus noib3osarens (I111) — cBeTnblii, HEHTpaIbHBIN, TETUIBIIH;

— ypoBeHb ectecTBeHHOTro ocBelienus (YEQO) — Hu3kuii, cpeqHuil, BICOKUH;

— Bpems cyTok (BC) — nenb, Beuep, HOUb;

— aKTUBHOCTH Mosib3oBarens (All) — Hu3kas, cpeaHsis, BbICOKas.

Jns Beixogubix JIIT BBOOUTCS TEPM-MHOKECTBO:

— uHTeHCUBHOCTD ocBeleHus (MO) — Hu3kasi, cpeHsis, BbICOKas;

—uBeroBas temmneparypa cseta (LITC) — xonoaHblid, HEUTpaIbHBIN, TEIUIBIN;

—addextuBHOCTH OcBenieHus (D0) — HU3Kas, CpeTHSsI, BHICOKAS.



Onenka 3pPeKTUBHOCTH OCBEUICHUS MOXKET YUUTHIBATh HE TOJIbKO YPOBEHb HHTEHCUBHOCTH,
HO U JIpyrHe napaMeTphl, TAKHE KaK PABHOMEPHOCTh OCBEIICHUS 1 OTPAXKEHHBIN CBET.

Jns mMonenupoBaHUS DKCIIEPTHOM CHUCTEMBI, aBTOMATU3UPYIOIIEH CHCTEMY YIPAaBJICHUS
OCBEIICHHMEM Ha OCHOBE (DAKTOPOB, CIIOCOOCTBYIOIIUX MOBBIMICHUIO KOMGOpPTa, 3H(PEKTUBHOCTH H
9HEprod(pPeKTUBHOCTH B  HCIOJIB30BAHMM  HCKYCCTBEHHOTO  OCBEIICHMS, HCIIOJIb30BaJIOCh
nporpamMmHoe cpenactBo Fuzzy Logic Toolbox, nomonnenue k makery mporpamm MATLAB s
pelICHUs] TEXHUYECKUX BBIYMCICHHUN, MPEIOCTABIAIONIEe WHCTPYMEHTHI [UIS TPOEKTUPOBAHUS
HeueTkux Jormdeckux cucrem [3]. Ha pucynke 1 mnpeacraBieHbl BXOJHBIC W BBIXOJIHBIC

JIMHITBUCTHUYCCKUC IICPECMCHHLIC HEYCTKOM MOZCIIN YIIPABJICHHUA OCBCIICHUCM.

File Edit View

M |'-._--...__: Untitled /><><-\
< < P77 (mamdani
-

- = -r" I"‘u .
- h"\r
- Sy
_,d’ -
==t
= T

Puc. 1. Bxoaubie v BEIXOHBIC TUHTBUCTHYECKHUE TIEPEMEHHEIE

HCYETKOM MOJA€CIN yHpaBJICHUA OCBCUHICHUEM.

Ha mnpaxTtuke BbIOOp (hOpMBI (DYHKIMH NPUHAAICKHOCTH 3aBUCUT OT BBIYUCIUTEIHHOU
ClIO)KHOCTU.  TpeyronpHble W  TpamneueugaibHble  (YHKUUH  MNPUHAUIEKHOCTH  LIUPOKO
pacnpocTpaHeHbl M3-3a UX YHMBEPCAJIbHOCTU U HU3KHUX TpeOOBaHMIl K pecypcaMm IMpH peau3alvu.
[Tocne BBO/Ia BXOJHBIX U BBIXOJHBIX MapaMeTpoB (DYHKIMHU, YCTAHOBUM JIMHI'BUCTHUYECKHE MPAaBHIIa

JUTS 33]JaHHBIX TIEPEMEHHBIX (pHC. 2).



1. 1f (YEO is sizxnit) and (BC is gexs) then (MO is cpegrag) (1)

2. If (AN is Beicokar) then (MO is Beicokan) (1)

3. 1f (TOC is ewicokan) and (AM is Bsicokan) then (LUTC is xonogHsii) (1)

4.If (BC is voue) and (N3 is nuskoe) then (LTC is Tennsit) (1)

S.If (NN is ceeTnwit) then (UTC is Tennwiit) (1)

6. If (BC is Bevep) then (30 is Huskan) (1)

7.1f (TOC is nuzxan) and (NN is Tennsit) then (UTC is Tennsii) (1)

8. If (BC is nouw) and (Al is nuskas) and (N3 is evicoxoe) then (30 i Buicokan) (1)

9. If (BC is Bevep) and (AN is cpeguar) then (UTC is neirpanstbit)(30 is Buicokas) (1)

10. If (TOC is Huskas) and (YEQ is nuskuil) and (BC is Houk) and (AN is Bbicokas) and (NN is ceetnoiil) and (N3 is Beicokoe) then (MO is Boicokan )(UTC is Tennoiit)(J0 is Huskas) (1)

1. If (TOC is cpegxan) and (YEO is cpegrmii) and (BC is Hous) and (AN is esicokan) and (NN is ceeTnwi) and (N3 is esicokoe) then (MO is euicokan)(UTC is Tennsii)(30 is vnzkan) (1)

12. If (TOC is Huaxkan) and (YEO is Boicoxmit) and (BC is genb) and (AN is Huskas) and (NN is keiTpanskbiit) and (N3 is cpegree) then (M0 is cpegnan)(UTC is werTpanehbii }(30 is cpeasar) (1)
13. If (TOC is Bbicokas) and (YEO is cpegrwii) and (BC is Bevep) and (AN is cpegnss) and (M is neiirpaneksit) and (N3 is Beicokoe) then (M0 is cpeanaa)(LTC is xonoghbi (30 is Boicokas) (1)
14. If (TOC is Husxan) and (YEO is Boicokmii) and (AN is seicokas) and (NN is Tennsiit) and (N3 is Huakoe) then (UTC is Tennwii)(30 is cpeansa) (1)

15. If (TOC is Beicokas) and (YEO is vuskmi) and (BC is Houb) then (MO is vuakar)(LUTC is Tennwin)}(30 is Buicokar) (1)

16. If (TOC is Bbicokan) and (YEO is uskwit) and (BC is ous) then (10 is niskan)(LTC is Tennoii)(30 is Huskas) (1)

17.If (TOC is Huaxan) and (YEO is cpegriit) and (BC is Bevep) and (Al is Boicokas) and (MM is ceeTnwil) then (M0 is exicoxar)(UTC is xonogbii )(30 is cpeanas) (1)

18. If (TOC is Bbicokas) and (YEO is cpegnmit) and (BC is gent) and (AN is ewicokas) and (M3 is kuskoe) then (M0 is Boicokas )(LTC is xonogsuiit(30 is Hiskasa) (1)

19. If (TOC is Bbicokas) and (BC is gens) and (AN is cpeansar) and (NN is weitrpancHoit) and (N3 is suicokoe) then (MO is nakar)(UTC is xonogruiit )30 is Huskas) (1)

Puc. 2. JIuarsucruueckue nmpaBuiia Ijid BXOAHBIX U BBIXOAHBIX IEPEMEHHBIX.

[Ipoananu3upyeM OKHO 3HA4YEHUS MEPEMEHHBIX 3a/laHHBIX MpaBHiI. Pe3ynbTaTsl SKCIIEpTHON
OLICHKM 3HA4YeHUs NEepeMEHHbIX, paccuuTaHHble 1o 100 OamibHON mKane (B %). Ha pucynke 3
MPEJCTaBICHO OKHO MPOrpaMM, B KOTOPOM IPOMCXOJUT OILEHKAa IEPEeMEHHBIX MO (QYHKIHUSIM

IMPUHALJICIKHOCTU C YUCTOM JIMHIBUCTUYCCKUX TICPCMCHHBIX.
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Puc. 3. M3MeHeHHEe COCTOSIHUS IEPEMEHHBIX ¢ YUETOM (QYHKIMM IPHHAICIKHOCTH.



[Tporpamma rpagpuiecku MpeacTaBiseT 3aBUCUMOCTh BXOAHBIX NTAPaMETPOB OT BHIXOAHBIX. Ha
pucyske 4 npeacTanieHa 3aBucuMocTh BxoaHou nepemennoit (BC) u (AIl) ot (MO), a na pucynke 5

npezacrasiena 3asucumocts (TOC) u (BC) ot (LITC):

100

100

TOC

Puc. 5. 3aBucumocts Bxoauo# nepemennoit (TOC) u (BC) ot (I[TC).



Jna  orcnexuBaHWs IUHAMUKA HW3MEHEHUS WMHTEHCHBHOCTH OCBCILEHUSA, LIBETOBOM
TeMIIepaTypbl cBeTa, 2P PEKTUBHOCTH OCBEUICHUS, HA OCHOBAHUH 3aJIaHHBIX IPaBWII, ObUI IPOBEICH
aHaJM3 YHMCJICHHBIX IOKa3aTelel, AaHHble MpuBeAeHb B Tabnuue 1. Ha pucynke 6 mpencrabieH

rpa(bm( 3aBUCUMOCTH YyIIpaBJICHUA OCBCIICHUEM C y‘IéTOM BXOJHBIX W BbIXOJHBIX JTHHI'BUCTUYCCKUX

MEPEMEHHBIX.
Tabauua 1
IToxka3zaTenn TMHAMHUKH N3MEHEHHUS] HHTEHCHUBHOCTH OCBEIeHN ],
BETOBOI TeMneparypbl, 3P PeKTHUBHOCTH OCBEIIeHUS
Bxonusie JIIT Brixoausle JII1
TOC 115 I1I1 VEO BC ATl o OTC 20
48,4 59,2 42,5 8,08 79,5 49,2 50,8 50,2 50
77 77 83 41 31 85 63 34,5 40,4
87 15 77 21 77 51 29,1 59,4 50
43 17 71 63 51 79 78,4 52,2 39,8
91 51 19 19 83 19 19,4 70,1 50
YHpaBﬂe HUe oCBelleHHnemM
100,00
90,00
80,00
70,00 /\
60,00
50,00 ,Z:.\“

OO.-".IaCT: ,L'Ma"lja\-"l ‘-ﬂal

30,00 \
20,00
10,00
0,00

TOC na nn YEO BC Al Mo urc 30

Panl Pan2 Papn3 - -PANE  e—Pans

Puc. 6. I'paduk 3aBucumocTy ynpasieHus ocsemeHneM c yuetom JIII.

Ha ocHOBe TpenOCTaBIEHHBIX JAaHHBIX YCTAHOBIIEHO, 4YTO ONTHMalbHBIE YPOBHHU
nnteHcuBHOcTH ocBemieHus (MO), userooit temneparypsl (LITC) u s¢dexTuBHOCTH OCBeLIeHHS
(D0) cOOTBETCTBYIOT CPETHIM 3HAUEHUSIM TaKUX IapaMeTpoB, KaK TEMIIEpaTypa OKpYyKaroliel cpeibl
(TOC), yposens ecrectBeHHoro ocBerienus (YEQO), Bpems cytok (BC), akTHBHOCTH MOJIB30BATEINS
(AIT), snepromorpednenue (I19) u npennourenus nonp3oatess (I111). [Tpu HU3KKUX 3HAYSHHUSIX ITUX
MapaMeTpoB, CHUCTEMa CHIKAET SAPKOCTh M HCIIOJIb3yeT HEHTPaJIbHYIO LBETOBYIO TEMIEPATypy IS
co3maHus pacciabnsiomeit atmMocdepbl. B gHEBHOE BpeMs C  BBICOKOW aKTUBHOCTBIO H

SHEPronoTpeOIEHUEM PEKOMEHYeTCsl yBEJIMUYEHHE SPKOCTH M TeIulas LIBETOBas TeMIlepaTypa.
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Cucrema >(ddexkTuBHO amanTUpyeT OCBEIICHHWE B 3aBUCUMOCTH OT KOMOHWHAIIMH TapaMeTpoOB,

NoJACP>KKBast KOMPOPT U 3HEProd3(h(HEeKTUBHOCTb.
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