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BBenenue

VYau4HOe OCBEIIeHHE B COBPEMEHHBIX TopoJax OXBaThIBaeT  Kak
(GYHKIIMOHATBHYIO, TaK M IEKOpPaTHUBHYIO QyHKIMH. B HacTosIee BpeMsi, OCBEIICHHE
yIuI] coctaBisieT 53% OT Hapy)KHOTO MCIIOJIb30BaHUS OCBEIECHHs BO BceM mupe [1].
Kpome Toro, peIHOK pellieHuid B 00J1aCTH HAPYKHOTO OCBEILIEHUS MPOAOIKAET PaCTH
(COBOKYITHBIE €KETOAHBIE TEMITBI POCTA PhIHKA HAPYKHOM OCBEIICHUS OLICHUBAETCS B
42% B nepuox 2011-2020 roaoB [2]). B ycioBusix pocta 1ieH Ha YHEPrOHOCUTEIH U
pacTyIIEr0 3KOJOTHYECKOTO CO3HAHUS, BBILIICYIIOMSHYTBIE TEHJCHIUH TpPeOyIoT
NOBBIIIEHUS 3(PPEKTUBHOCTH YIMYHOTO OCBEIICHHUS.

[ToBcemecTHOE pa3BUTHE U BHEAPEHUE B HKCILUIyaTal[MI0 BCTPOCHHBIX CUCTEM
Ha OCHOBE MHUKPOKOMIBIOTEPOB TMO3BOJSET BHEAPITh COBPEMEHHBIE METOMbI
aBTOMATU3allMM W YIOPaBICHUS B Pa3MYHBIX TEXHUYECKUX CHCTeMax. Tlakoe
MPUMEHEHUE HAXOJIUT ce0s B MHTEJUICKTYalbHBIX cucTeMmax ocBemieHus [3,4]. B
OTIIMYME OT KIACCHUYECKHX CHUCTEM OCBEUIEHUS WHTEIEKTYaJbHbIE CHCTEMBI
OCBEILEHUS TIO3BOJISIIOT JOOUTHCS CHUKEHUSI NMOTPEOJICHUS 3IEKTPOIHEPTHH 32 CUET
aIaNTHBHOCTH CHUCTEMBbl TP W3MCHCHWM BHEIIHUX YCJIOBHH: WHTEHCHUBHOCTHU
JIOPOXKHOTO IBHYKCHHMS, TIOTOHBIX (DaKTOPOB, BPEMEHHU CYTOK [5,6].

Kpome cHuxkeHUst 3aTpaT 3JIEKTPOIHEPTHUU 34 CUET BBICOKOW aJlallTUBHOCTHU
WHTEJUIEKTYaJIbHOM CUCTEMBI OCBELIEHUSI Pecypcod(P(HEeKTUBHOCTh pa3pabOTKU
MOJKET OBITh OOCCIIeYeHa 3a CUET MCITOJIb30BaHMsI CBETOIUOIHOTO OCBEIICHHUS [7].

Baxnass cocraBistomas mnpu  pa3pabOTKE MHTEIUICKTYaJIbHBIX CHUCTEM
OCBEIICHUSI — 3TO OaJlaHC MEXAy PHEProddPeKTUBHOCTHI0 U OE30MACHOCTHIO IS
YYaCTHUKOB JIOPOKHOTO JBMIKEHUS, TaK KaK OCBEIIEHHOCTh JOPOKHBIX MPOCTPAHCTB
BIMSET KaK Ha BEPOSTHOCTh TOPOKHO-TPAHCIOPTHBIX MPOWCIIECTBHMA, TaK W Ha
001K ypOBEHb MpecTymHOCTH [8].

Takum o00pazoM, OOBEKTOM HCCIICOBAHUS SBISETCS HWHTEIICKTyaTbHAs
CUCTEMA OCBEIICHHUS.

[lenpto paboOTHI SBISETCA TMPOSKTUPOBAHUE HWHTEIUICKTYaIbHOW CHCTEMBI

OCBEIICHHWS W TPEIBAPUTEIBHOEC HCCIEAOBAaHUE BO3MOXKHOCTEH BHEIPEHUS
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VMHTEJUIEKTYaJIbHOM CHCTEMBI OCBEIICHUsT B ropoae Tomcke. st OOCTHKEHUSA
HEOOXOMMO PEIIUTh PSJT 33]1a4:

- MPOBECTU AHAIU3 AIBTEPHATUB CO3/AHUS CHUCTEMbI JECTEKTUPOBAHUS IJIS
JAITbHENIIIETO UCTOJIb30BaHUS B UHTEIUICKTYAIbHOM CUCTEME OCBELIECHUS U IPOBECTH
COOTBETCTBYIOIIUE IKCIIEPUMEHTAIBHBIE UCCIICIOBAHUS;

- MPOBECTH aHAIN3 BO3MOXHBIX CIOCOOOB KOMMYHHUKAIUU  JIS
MOCIICIYIOIIETO BHEIPEHUS B HHTEIUIEKTYIbHOM CHCTEME OCBELICHMUS;

- pa3paboTaTh aJrOPUTM OIpPECICHUS W KOHTPOJISI 30HBI OCBEIICHHS IS
MHTEJUIEKTYaJIbHOW CUCTEMBI OCBEILICHUS;

- TMPOBECTH TEXHUKO-DPKOHOMUYECKUN aHalu3 M OOOCHOBAHHE BHEIPEHUS
MHTEJUICKTYaJIbHOM CUCTEMBI OCBEIIICHUS B YCJIOBHUAX TOPOJICKOM 30HBI ToMCKa.

[TonyuenHsle pe3yabTaThl TO3BOJAT MNPUMEHUTHh TOJYYEHHBIE paHee
pe3yabTarhl paboThl HaydHOU rpynmbl o TeMatnke BKP Ha mpumepe KOHKpETHBIX
yaull. AJTOPUTM ONpPEACICHUS W KOHTPOJISI 30HBI OCBEHICHHUS JOMOJIHUT
pa3paOOTaHHbIE paHEe AQJIrOPUTMbl aBTOKOH(PUIYpallUM Y3JI0OB U ONPEACIICHUS
COCEHUX Y3JIOB I JIF0OOro y3ia. JlaHHbIE TEXHHYECKHE PEIICHUS BO3MOXKHO
UCIIOJIB30BaTh NpH pa3pabOTKe IIaHa MNOBBIIEHUS 3()(HEKTUBHOCTU TOPOJCKOU

CUCTCMBbI YIIMYHOI'O OCBCIICHHA.



1 Konnenmusi I/IHTeJIJIeKTyaJILHOﬁ CHUCTEMBI OCBCIIICHUA

WuTennekTyanpHas CHCTEMa YIUYHOTO OCBEIIEHUS — O3TO KOHICIIUS
3¢ (HEeKTUBHOTO pacrlpeesieHus] SJICKTPOIHEPTHH B MPOLIECCE YIUYHOTO OCBEUICHHUS.
JlanHoe HampaBiieHHe OypHO pa3BHBaeTCs B JaHHBIH MOMEHT 3a CYeT
OPUCHTHPOBAHHOCTH OOIIECTBA Ha «3EJICHBICY» TEXHOJOTHH, YTO TMOATBEPKIACTCS
OPUHATUEM BaXHBIX PErVIAMEHTUPYIOUINX JOKYMEHTOB Ha TOCYJapCTBEHHOM H
MEKTyHApPOJIHOM YPOBHE: B YaCTHOCTH, MOXHO BbIIEINTh Krorckuit mporokod [9].

Boiaensior MHTENIEKTyallbHbIE CHCTEMbI OCBEIIEHUS JABYX IOKOJCHHIA.
[lepBoe mMOKOIEHHE — 3TO CHUCTEMBI OCBEUICHHS HAa OCHOBE CBETOIMOJMOB. 3aMeHa
KJIACCUYECKUX HMCTOYHUKOB OCBEIICHHS Ha CBETOAMOIHBIE MCTOUYHUKHU OCBELICHMS,
MO3BOJIICT 3HAYUTENILHO YBEIUYHTHh CPOK JKCIUTyaTallH, W30eKaTh MOCIEACTBUN
3arpsi3HCHUsT OKpykatomied cpenbl npu yrwimsanuu [10]. Taxoke cBeToqHOMIBI
NO3BOJIAIOT HACTpauBaTh YPOBEHb OCBELIEHHOCTH, YTO INPHUMEHSAETCS B HACTOSIIEE
BpeMsl B MHTEIUICKTYaJIbHBIX CHCTEMax OCBEIIECHUS BTOPOTO TOKOJCHUS, TJIE
peanu3yroTcs MPUHLMIIBI aIalITUBHOCTU U pecypcod(PPEeKTUBHOCTH.

B Hacrosimee Bpemsi MpOBOAMTCA cephe3Has paboTa MO CTaHAApPTH3AIUU U
pPa3BUTHIO KOHILEMIMM HHTEIJIEKTYaJbHOTO YJIWYHOIO oOcBelleHus. B wyacTHOCTH,
paboTa NpPOBOAMTCA B BEAYLIUX albsSHCAX W OOIIECTBAX MO HMHTEIUICKTYaJIbHbIM
cuctemMaM ocBelieHus, naTepHeTy Bemieit — IERC, StreetLight Vision, IEEE, OMG,
Industrial Internet Consortium u t.1. [11-15].

HccnenoBanne B pamMKax MarucTEpCKOM JHMCCEPTALMM HAIpPaBJIEHO Ha
pa3paboTKy MHTEIJIEKTYaIbHOW CHCTEMbI OCBEIICHHUS ISl MyHHUIIUITATUTETOB TOPOaa
Tomcka. B wacTHOCTH, 1IenieBbIMU yauIiaMu ObutH BeIOpaHbl CaBuHBIX 1 COBETCKaSI.

[IpoBogmmoe  wWccrneAoBaHWe — BBHIMOJNHsSIETcs Ha  Oaze  Tomckoro
MOJIMTEXHUYECKOTO YHUBEPCUTETA U Y HUBEPCHUTETA MPHUKIATHBIX HAyK AHXalbTa, U
SBJISIETCS. Pa3BUTUEM W BHEIPEHHEM TEXHUYECKHX peIlIeHUM, pa3pabOTaHHBIX B
pamkax mpoekta SmartLighting. IIpoext SmartLighing, mpoBomumbiii B TepBYIO
ouepenb Ha Oa3e maboparopun FILA YHuBepcutera mpHUKIaIHBIX HayK AHXalbTa,

HalpaBJIeH Ha pPa3pa00TKy HWHTEIJIEKTYaJbHOW CHCTEMBI OCBEILIEHUS  JJIA
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MEIEXOAHBIX MpocTpaHcTB ropojga Kérena B 3emiie  CakcoHMsI-AHXaJbT,

['epmanus [16].

1.1 CpaBHUTeJbHBIN aHAJM3 AHAJIOTOB

B HacTosiee BpeMsi ppIHOK pPEIIeHU B 00JIACTH MHTEIUICKTYATbHBIX CHCTEM
OCBEILEHHUS NPEJCTABICH MHOKECTBOM pelIeHUI. HECKOIBKO €BpONenCcCKuX ropoIoB
MOJTHOCTHIO 3aMEHIII TOPOJICKYIO CUCTEMY OCBEIIICHHUS B MOJIb3Y WHTEIUIEKTYaIbHBIX
CHUCTEM OCBEIICHUS. B mpuMep MOKHO NPUBECTH CUCTEMY OCBelleHHs Jlennuura B
I'epmanun, Kebeka B Kanane n Cankr-IletepOypra B Poccun [10][17].

JIJIs TeTanbHOTO PAacCMOTPEHHS THITMYHBIX HCIOJB3YEMBIX PEIICHUN OBLIH
BBIOpaHBI 5 MHTEIUIEKTYAIbHBIX CHUCTEM OCBeIleHHUs oT mpomsBoauteneit: OSRAM,
Amko Solara, Lux Monitor, Citenergy, Echelon (Ta6x. 1) [18].

B paccMaTpuBaeMbIX cHucCTEMax OCBEUICHHS PEaTU30BAHO CBETOIMOHOE
ocBenieHue. [Ipu 3ToM afnanTHBHBIN KOHTPOIb PEATM30BAH BO BCEX CUCTEMAax KpOMe
Citenergy. Lux Monitor u Echelon ucnons3yror 6ecipoBoiHyO nepeaady JaHHBIX C
nomonibio mesh-cereii u IPv6. B ciydyae OecrnipoBoHOM mepenadn HCIIOJIb3yeTCs
crangapt 6LOWPAN. B OSRAM, Amko Solara u Citenergy wucmonb3yercs
texHosorust power line communication (PLC) — mepenada maHHBIX C ITOMOIIBIO
JIMHUY 3JIEKTpoTiepeiad, KoTopast ocHoBaHa Ha cranmapte 1SO 14908 [19].

KoHTposb MCTOYHMKAMK OCBEILECHHs OCYIIECTBIsieTcss mocpeactsom Digital
addressable lighting interface (DALI) — uatepdeiica, koTopsiii ObLT pa3paboTaH Kak
uHTeppEeC  MEKAY  JOTHYECKUM W (PU3MYECKUM  ypPOBHSIMHU  KOHTPOJIS
CBETOAMOAHBIMH  (oHApsMU. HemocpencTBeHHBI KOHTPOJIb — O0ECIeYrBaeTCs
cucTeMol mporpammHoro ympasienus StreetLight Vision, cranmapTu3upoBaHHBIM
peleHreM, KOTOPOe MOXKET OOBEIUHSTH WHTEIUICKTYaIbHBIE CHCTEMBI OCBEUICHHUS

HECKOJIBKUX Mpou3Boauternei [18].



Tabnuna 1 — CpaBHUTENBHBINA aHAIW3 UHTEIUIEKTYaIbHBIX CUCTEM OCBEILICHUS

Xapaxkrepuctuku | OSRAM | Amko Lux Citenergy Echelon
Solara Monitor

TexHom0TUA PLC PLC Wireless | PLC Wireless

CBSI3U 1ISO14908 | 1SO14908 | mesh IPv6 mesh IPv6

6LowPAN

IPv6 Het Het Jla Het Ja

CxopocTb 5 kb/c 5 kb/c 10 x6/c 15 x6/c <5 x0/c

nepeaayn

JAHHBIX u

MIPOITYCK.

CIIOCOOHOCTH

[Tomnepxka Ia a a Hert a

JTUHAMMY.

pexumMa paboThI

C TaTYNKaMHU

JIBHDKCHUS

ITonnepxka Ha, SLV |Ha, SLV |Ha, SLV |Her Jla

TUHAMUY. CMS CMS CMS

pexuma paboThl

Cc y4eTOM

TpadPrka

Wnrepdeiic mmg | 1-10 B, |1-10B 1-10 B, |1-10B,DALI |1-10 B,

MCTOYHUKA DALI DALI DALI

OCBECIIICHUS

JlaHHbIe o| Ha Ha Ha Ha Ha

HeToJaKax

* SLV CMS (StreetLight Vision Central Management Software) - cucrema

nporpamMMmHoro yrnpasienus StreetLight Vision

Taxke BO Bcex CHCTEMax OCYIIECTBISETCS MOHMTOPUHI Ha HalU4ue
HETOJIA/I0K, YTO TO3BOJISIET OMEPATUBHO PearupoBaTh MPU HATWYUH MMOCICTHUX.

JIJist cpaBHUTENFHOTO aHA/IM3a ObUTH BBHIOPAHBI 3apyO0eKHBIC MTPOU3BOIUTEIH,
TaK KaKk KOMIUIEKCHBbIE pEIIeHUs B OOJAacCTH HHTEJUIEKTYaJIbHOTO OCBEIICHHUS
POCCHICKOTO TMPOUCXOXKACHHWS HE ObUTM HAWACHBI B  XOJE TMPOBEACHUS
aHanuTHYeCKoro o63opa. B poccuiickux Macmrabax 3Toi poOIeMoil 3aHUMAaIUCh B
rpymie PocHaHo, HO TOTOBBIN TIPOAYKT Bee erie He Obu1 npenctarieH [20]. Haubonee

PacpoCTpaHCHHBIMU B HACTOAIICC BpPEMsS ABJIAIOTCA OTACIBHBLIC (bOHapI/I C
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JaTYMKaMM JIBHOKEHUS, TU00 CBETOIMOJIHBIE CHCTEMBI OCBEIIEHUS 0e3 aJalTHBHOTO
YOpaBJIEHUSI POCCUIICKOrO MPOU3BOJCTBA. TeM He MeHee, Hampumep, B CaHKT-
[TerepOypre u Kazanu ObUIM BHEIPEHBI CUCTEMbI MHTEIICKTYaJIbHOT'O OCBEIICHUS
Echelon [21].

Takum 00pa3om, COrjacHO aHalu3y pa3pabOTaHHBIX HWHTEIIECKTYaJbHbBIX
CHUCTEM OCBEIICHUS, MOYKHO BBISIBUTD CIIEAYIONTHNE TPEH bl U KIIIOYEBbIE 0COOCHHOCTH
Pa3BUTHS TAKUX CUCTEM:

- pa3pabaTbhIBaeMbl€ CHCTEMBbI HCIIOIB3YIOT CBETOJIMOJHOE OCBEIICHHE, YTO
BIUSCT Ha SHEProd(H(PeKTUBHOCTH BCEHl CHUCTEMBI. B HacTosIiee BpemMsi OCHOBHBIM
uHTepdericom ais apaiisepos ynpasienus LED sBnsercs DAL,

- OOJIBIIMHCTBO CHUCTEM aJallTHUPYIOTCS IO0JI BHEIIHHUE YCJIOBHUS — HaJIU4HE
JMBIDKEHUS B 30HE KOHTPOJISI, WHTCHCUBHOCTH JOPOKHOTO JIBFDKCHHSI, ITOTOHBIC
ycnoBus. OOecrieunBaeTcss MakKCHMajibHas aBTOHOMHOCTb CHCTEM, HO IPU STOM
BO3HHUKAIOIINE HETOJAIKA MOTYT OBITh OIIEPAaTUBHO OTCIICKEHBI U YCTPAHCHBI,

-  KOMMYHHKAIlMsi B  HWHTEJUICKTYalbHBIX  CHCTEMaX  OCBEIICHHS
ocyiecTBisieTcs:i Ha ocHoBe Mmesh-cereir aubo PLC. B naHHBIE MOMEHT 00€
TEXHOJIOTMM aKTUBHO PpAa3BUBAIOTCA MW  YHHUPHUIUPYIOTCS, YTO  TO3BOJIACT
HCIIOJIL30BaTh UX B OOJBIINX MaclITadax.

CornacHo MIPUBEICHHBIM TpeHIaM BO3MOKHO MIPOCKTHUPOBAHUE
WHTEJUICKTYaJIbHON CHCTEMBI OCBEIICHHS, OTBEYAIONIEH COBPEMEHHBIM TpEeOOBAaHUSIM

Y IIPEBOCXO/ISIIECH aHATIOTU 110 XapaKTEPUCTUKAM.

1.2 TpeOoBanuss k pa3padaTbiBaeMoOil HMHTEJJICKTYAJbHOH CHCTEMeE

oCBeIICHUA

[IpoekTupyeMass  HMHTEJUIEKTyaJbHash  CUCTEMAa  OCBEIUEHHS  JIOJDKHA
YIIOBJIETBOPSATH CIEAYIOIIUM TPEOOBAHUSIM:

e (CucreMa [ELEHTPAIN30BaHA, TO €CTb HE CYUIECTBYET LEHTPAIbHOTO
KOHTPOJIMPYIOILETO 3JIEMEHTA.

e  CucreMa MOXET OBITh JIETKO BCTPOCHHON B TOPOJICKYIO CUCTEMY.
9



e  CocrosiHue pabOThl CUCTEMBI 3aBUCHUT OT BHEIIHUX (PaKTOPOB, TAKUX KaK
MHTEHCUBHOCTH JIOPOKHOTO JIBUKEHHSI U TIOTO/IHBIE YCIOBHS.

e Kaxneli ¢oHapb cHCTeMBl pabdoTaeT aBTOHOMHO W He TpedyeT
HACTPOMKHU.

e  VYpoBeHb OOmIEHl OCBEIICHHOCTH, OOECIEUMBAEMbI CHUCTEMOM, HE
JIOJKEH BBIXOAHUTH 32 PaMKHU, IPETyCMOTPEHHbIE TPEOOBAaHUSIMU OE30MaCHOCTH.

Takum oOpa3oMm, HWHTEJUIEKTyallbHasi CHUCTEMa OCBEIIEHHUS JOJDKHA OBITh
crocoOHa OMpeneNniaTh OOBEKT JBIKEHUS B 30HE KOHTPOJSI M KOHTPOJIUPOBATH
YPOBEHb OCBEUICHHOCTH B 3aBUCHUMOCTH OT OOBEKTa JIBUKECHUS M XapaKTEPUCTUK

JIBMOKEHUST — CKOPOCTH M HANPaBJICHHS JABMKEHUs (puc. 1).

PaboTa Bcel cucTembl
aBTOHOMHa, HO COCTOAHME
MOMET KOHTPOMPOBATHCA
¥anbi 06pasyioT ceTs, onepaTopom
AaHHbIE M3 KOTOPOR
MOCTYNAkT Ha Cepeep

AaHHbIX

Mogynm ceasu
YNpaBneHWA CoOeaMHEHDI
C CUCTEMOM
AETEKTMPOBAHUA

Pucynok 1 - Peanuzanusi KOHLENIMU HWHTEIUIEKTYalbHONM CHUCTEMBI

OCBCHICHUA

Kpome Ttoro, nomkeH obOecrneunBaTbCsi MOHUTOPHUHI TOTOJHBIX YCIOBUW M
IPUHATHE COOTBETCTBYIOIIMX PEIICHUM CUCTEMOW IpU HM3MEHEHUHU ITOTOJIHBIX

YCIIOBUH.
1.3 IlpeasiaraemMoe TeXHUYECKOE pelieHue
[Mpemnaraemasi CTpyKTypa MHTEIUICKTYaIbHOW CUCTEMBI OCBelIeHUs (puc. 2)

COCTOUT M3 Y3JI0B, OOBEIUHSIOMNX MHKpoKommbioTep Beaglebone mmbo moGoi
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apyroit Momyns System-on-Chip, mMomynu AETEKTUPOBAaHHS W KOMMYHHKAIIUUA |

CBETOJUOIHBIN (POHAPE.

Beaglebone
Black

‘ Cuctema Cucrema
‘ [EeTeKTMPOBaHMA KOMMYHUKaUnm [Opaitsep

[B LED

\ Bbisog

nHpopMaLmum
onepartopy

Cepsep
AdHHbIX

Pucynok 2 — CTpykTypHas cxema HHTEJUIEKTYaJIbHOM CUCTEMBI OCBEILICHUS

B kauecTBe LIEHTPAIBHOIO YIPABISAIOLIETO YCTPOMCTBA IS y37a BBICTYIIAET
MHKPOKOMITbIOTEp. Kak1oll namie COOTBETCTBYET CHCTEMAa KOMMYHHUKALMU U
neTekTupoBaHus. CucTeMa KOMMYHHKALUU CIYXKWT JUIS CBSI3U JJEMEHTOB y37a, a
TaK)K€ MO3BOJISET MepefaBaTth MH(GOpPMAIMIO Ha JIpyrue y3ibl cucTembl. Cucrema
JETEeKTUPOBAHUSI HEOOXoIuMMa ISl  ONPEICNICHUsS HMHTEHCUBHOCTH JIOPOMXKHOTO
JBUKEHMSI, CO3[aBa€MOT0 aBTOMOOWJIbHBIMU CPEJCTBAMHU M IEHIEXOJaMU, a TAKXKe

HU3MCHCHMU ITIOTOJHBIX YCHOBHﬁ.
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2 IlpoekTHpOBaHHE CHCTEMbI 1eTEKTHPOBAHUS

[Tpuniun paboThl UHTEIJIEKTYaIbHBIX CUCTEM OCBELICHUS OCHOBBIBAETCS HA
aHanMM3e COOBITHM, MPOUCXOASAIINX BO BHEITHEH Cpeie B CBSI3U C TEMU WA WHBIMU
dbakTopamMu, U COOTBETCTBYIOIIEM TMPUHATHUM PEHICHUH JUIsi MHHUMHU3ALUA
sHepro3arpat. K Takum ¢dakropam OTHOCSTCS UHTEHCUBHOCTD JIOPOKHOTO JIBHIKECHHUS
U TIOTOJAHBIC YCHOBHUS. [[ms TOro 4TOOBI ONpeAeNnsTh HaMWdWe TaKUX COOBITHIMA
HEe00X0aUMO co3nanue 3(PGEeKTUBHOM CUCTEMBbI JEeTeKTHpoBaHUs. Takum oOpazom,
JaHHas TJlaBa BKIIOYAET B CeO0sl MpEeABAapUTENbHOE MCCIECIOBAHUE JIATYUKOB
Pa3JIMYHBIX THUIIOB JIJISl TIOCJICYIONIETO MPUMEHEHUSI B MHTEIJIEKTYallbHOU CHUCTEME

OCBCIIICHMS.

2.1 Onpenesienrie MHTEHCMBHOCTH JIOPOKHOT0 IBUKEHUS

AHanu3 MOpPOKHOTO JBIIKEHHUS OCHOBBIBACTCS HA OMPEACIICHUHM JBUKCHHUS
TPAHCIIOPTHBIX CPEACTB, IMELIEXOJAOB C BBICOKOH TOYHOCTBIO, TIIOCJIE YEro
MOJIyYEHHbIE JTAHHBIE O JIBUralolleMcs OOBbEKTe WM 00beKTax 00paldaThIBalOTCH,
nepearoTesl 0 KaHaly CBSI3M, ONpeAessieTcss 00beKT IBMKeHHUs. B 3aBucumoctu ot
Oo0BbeKTa JABWXKEHUSA  TNPEANPUHUMAIOTCS  pa3jMyHble  CLEHApUM  JIeHCTBUSA
WHTEIJICKTYaTbHOM CUCTEMBI OCBEIIICHUSI.

JlanHble 00 MHTEHCHUBHOCTU JOPOKHOTO JIBMKEHHUS, KOTOpPbIE HEOOXOIUMBI
Ui pabOThl MHTEJUICKTYAIbHONW CHUCTEMBI OCBEIICHUS — 3TO caM (aKT JBUIKEHHUS,
PETUCTPUPYEMBIN Pa3IMYHBIMHU JaTYMKAMH, YTO MO3BOJISIET ONMPEACTUTh Y4aCTHUKA
JBUKEHHs (AaBTOMOOWIIb MM TEUIEX0/), CKOPOCTh JBMKEHHS YUaCTHUKA JBUKECHMUS,
HamnpaBlieHue ABWKeHUsA. [Ipu 3TOM naHHBIE, MOCTYHAIONINE C JATYUKOB, TOJIKHBI
OBITh HHTEPIPETUPOBAHBI MAKCUMAJILHO TOYHO.

PaccMoTpuM  gaTuyumku  IBUKEHHS, KOTOPbIE MOTYT MPHUMEHSTHCS B

HHTCIUICKTYAJIbHBIX CUCTCMAaX OCBCIICHM.
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2.1.1 CpaBHUTEIbHBII aHATU3 CYNIECTBYIOIIMX JATYNKOB IBUKEHUSA

B [22] Obur moapoOHO PaccCMOTPEHBI METOABI OOHAPYKCHHS IBHIKCHHS, a
TaK)ke€ MPHUCYTCTBHsI. B kKauecTBe OCHOBHBIX MO (PU3NUECKOMY MPHUHITUITY JIEHCTBUS
MO>KHO BBIJICJIUTH CIEAYIOIINE METObI KOHTPOJIS JBUXKEHUS:

®  aKyCTUYECKHUH (YyJIBTPa3BYKOBOM);

e  paaunoBosiHOBOU (CBY);

e  wunHbppaxpacusiii (UK);

e  KOMOMHHMPOBAHHBIMN.

Kaxnprii ©3 JaHHBIX THUIOB O0O0JIAJa€T CBOMMM IPEUMYIIECTBAMHU U
HejocTaTkamMu. HemocTaTky, B 9aCTHOCTH, CBSI3aHBI C HECIMOCOOHOCTBIO JTaTYHUKOB
OOHApYKUTh YEJIOBEKA MPHU OMPEICICHHBIX YCIOBUAX WM, HAPOTHB, UX JIOKHBIMU
cpabaThIBAaHUSMH.

Hcmonp30BaHne  COBOKYITHOCTH  METOJOB  KOHTPOJA U NPUHITUIIOB
OOHapy>KeHHUsI MOXKET 3HAYUTEIBHO YMEHBIIUTh BEPOSITHOCTh HEKOPPEKTHOTO
cpabateiBanus naTdyrka. CHTHAI TPEBOTH BBIAACTCS TOJBLKO B TOM CiIydae, €ClId
OJTHOBPEMEHHO WJIM B T€UCHHE HEOOJBIIIOr0 MHTEPBATa BPEMEHH CpabaThIBalOT 00a
nerexkropa. Jlis MOBBIIEHUST CTAOMIIBHOCTH paOOThl CHUCTEMBI, HCIOJIb3YEMBIC
MPUHITUIIBI OOHAPY)KEHUS JOJDKHBI OBITh TaKUMH, YTOOBI ITOMEXH, BBI3BIBAOIINE
JIO’KHBIE cpabaThIBaHUS, TO-Pa3HOMY BO3JICHCTBOBAIM Ha KaXIbIM COCTABIISIOITUN
KOMOMHAITMIO IeTeKTOp. B Tabnuie 2 mpuBeIeHbl BO3JACHCTBHS BHEITHUX (DAKTOPOB
Ha paboTy JATYUKOB PA3IUYHBIX THIIOB, TJI€ «+» - BRICOKAS YYBCTBUTEIBHOCTD, «-) -

HH3Kasd 9yBCTBUTCIbHOCTD.
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Tabnuia 2 — YyBCTBUTENIBHOCTH JATYUKOB K MEMIAIONUM (hakTOopam

[IpnunHa Nudpakpacubiit | MUKpOBOJIHOBBIH | Y IbTPa3ByKOBOM
HEKOPPEKTHOMN
paboThI

TypOyneHTHOCTD + - -
BO3/IyXa
Jox b - + +
N3menenus + - +
TEMIEPATYPbI
Spkuit ceer + - -
DNEeKTpOMarHuTHhIC | + + -
MTOMEXH
BxiroueHHoe - + -
JXOMUHECLIEHTHOE
OCBEILECHHE

Bubpanun + + +
[Tepemenienus 3a - + -
IpeaenamMu 30HbI
KOHTPOJIA

JKuBotHbIC + + +

W3 Tabauisl BUJHO, YTO OOJBIIMHCTBO U3MEHEHUN OKPYKAIOWIEH Cpelbl Mo-
pa3HOMY BIHUSIIOT Ha KaXIblH JETEKTOP U B OOJBIIMHCTBE CIy4yaeB HE MOTYT
MIPUBECTU K OJTHOBPEMEHHOMY Cpa0aThIBAHUIO BCEX CEHCOPOB.

Haubonbiiee pacnpocTpaHeHHe B HACTOsALIEe BpeMsl MOIydHsia KOMOMHALIMS
MHKPOBOJIHOBOTO akTHBHOTO M MK-maccuBHOro nmpuHIUNoB ooHapyxeHus. ['opas3mo
pexe ucrnosb3yercss kKomOuHauus yiaprpassykoBoro u MK nerektopoB. CyiiecTByroT
TaK)Ke OTJEelbHbIE 00pa3lbl JaTUYMKOB, B KOTOPBIX HCHOJIB3YIOTCS TPU Pa3IUUHbIX
bu3NYecKuX NpHUHIIMNA OOHAPYKEHHUSI, OJTHAKO TaAKUE JATYMKU PEJIKO MPUMEHSIOT Ha

npakTuke [23].

2.1.2 JkcnepuMeHTANILHASl YCTAHOBKA

Haubomee pPacpoCTpaHCHHBIMU JaTYUKaMU JIBUKCHHA, HUCIIOJIb3YCMbIMU B
HHTCJICKTYAJIbHBIX CHUCTEMaAxX OCBCIIICHMNA, ABJIIHOTCA paHHOBOHHOBOﬁ,

nH(paKpaCHbIH, YIbTPa3BYKOBOW U KOMOMHUPOBAHHBIN TUITHI TATYUKOB.
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bouta cobpana 5sKcnepUMEHTalbHAas YCTAaHOBKA, BKJIIOYAIOIIAS CHCTEMY

JEeTEeKTUPOBAHUS HHTEIUICKTYAITBHON CHCTEMBI OCBEIICHHUS (PUCYHOK 3).

Sockol

+12V

Alarm
| - Alarm

a
c
[=]
m
1)
=
o
o
a
m

DP104

...... +12V
| GND
Alarm

SRF08

E1 .8k
+5V

il
I SDA

GND

Power supply

Pucynoxk 3 — DxcniepruMeHTaIbHas YCTaHOBKA

OCHOBHBIE ~ 3JE€MEHTHl  3KCHEPUMEHTAJIBHOM  YCTAHOBKM  —  3TO
mukpokomnbioTep — BeagleBone  Black, wundpakpacueni gatuuk  DP104,
yIbTpa3BykoBoir natunk SRFO08, komOuHupoBanHbii gatumk Sockol-3, 6ok

mUuTaHus ¢ BeIBogaMu 5 B, 12 B.

Muxkpoxomnsiomep BeagleBone Black
Mukpokomnerorep  BeagleBone  Black wucmone3yercss B kauectBe
YIPABJISIONMIETO YCTPOMCTBA, KOTOPBI HCIOJNHSAET MPOrPpaMMy  CUYHTHIBAHHS

uHdpopmanuu ¢ aarunkoB. CBoiictBa BeagleBone Black npencrasnenst B Tabmuie 3
[24][25].
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Tabmuma 3 — Cnennduxanust Ha BeagleBone Black

ITponeccop 1 TT AM335X
ITamsTh 512 M6 DDR3
[TamsaTh On-board 2 Gb eMMC (4 Gb eMMC on the

Revision C board) and micro-SD card slot

[Tonnepsxka BUJICO

On-board HDMI

[TocnenoBarensHoe | TTL header present but separate cable
COEIMHEHNE needed

Bxonnsie/seixomusie | GP1O, ananorossie BeiBons, 5V, 3.3V, 1.8
BBIBO/IBI B HampsokeHue nutaHus, TaWMephl, ITHMHBL

1°C, UART, CAN, SPI, GPMC, MMC,
LCD, McASP

Bruemnuii Bun BeagleBone Black npencrasnen Ha puc. 4.

Pucynok 4 — Buemnnii Bun BeagleBone Black

KpOMC YHOpaBJICHUA OdaTYUKaMM IOBUKCHUS, B HHTCHHCKTy&HBHOﬁ CHUCTEMC

OCBCIICHUA MHKPOKOMIIBIOTCP IIOJAKIIIOYCH K 6J'IOKy KOMMYHHKaAINH, KOTOpBII>’I

OCYHICCTBJLCT CBA3b MCKAY Y3/ IaMHU HHTGJ’IJ’IGKTy&U’IBHOﬁ CHCTCMBI OCBCIIICHUA.

Ungppaxpacuwiii 0amyux osudicenus

CBoiicTBa HH(pPAKPACHOTO JaTYMKa IPEACTaBICHBI B Ta0uie 4 [26].

Ta6nuna 4 — Cnenudukanuu nHGpPaKpacHOTo AaTUUKA

Hanpsokenne DC12V

PaGounii nuamazon | 6-10 m

BrixomHas Max 100 W LED lamp
MOIITHOCTb

Bpewmst yctaHOBKH 5s~6min

Pa6. amamaszon s | 2~2000 lux
OCBEIICHHOCTH

Marepuan ABS

VYposens 3amuThl IP | IP65
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Buemnuii Bua nHQpakpacHOro qaTyvka MpeicTaBleH Ha pUC. .

Pucynox 5 — UndpakpacHbIit gaTunk

Yaempazeyroseou oamuux SRF0O8

VYapTpa3BykoBoit gatuuk SRF08 moakmrogaeTcss K MHKPOKOMITBIOTEPY
BeagleBone Black ¢ ucnons3osanuem nocie1oBaTelIbHON MUHBI JaHHBIX 12C.

B nagane paboThl MUKPOKOMIBIOTEp HWHUIMAIM3UPYET aapec JaTyuka,
TIOIKJIIOUEHHOTO TIOCPEACTBOM npoTokona 12C [24]. JIns BEINONHEHNS] CKAHUPOBAHUS
JATYMKOM  30HBI KOHTPOJIA, BBHINOJHAETCS KOMaHAa, KOTOpas OTHpPABIISET
ompeseNeHHOe 3HadeHne B KomauaHblii peructp SRFO08. Craenmyrommm sTanom
SBJIICTCSI CUYMTHIBAHWE MJAHHBIX C PETUCTPOB JaTyuka. JlaHHBIE ITOCTYMAalOT B
HIeCTHAAIIATEpUIHOM (opMaTe U HECYT MH(POPMAIIMIO O PACCTOSIHUM O 00BEKTa B

CaHTUMETpax (PUCYHOK ).

Pucynox 6 — JlaHHble O paccTosHUH 10 oObekra (koopamHaThl 0X02 —

crapimii 6ut 1 0X03 — mumagimii 6ur), 0x1616=2210 cM.

CaoiicTBa ynbpTpa3BykoBoro gatunka SRF08 npencrasiens! B Tabmuie 5.
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Tabnuma 5 — Cneunduxanyu natanka SRF08

Hanpsioxenue 5B
Tok 15 MA, 3 MA B peXxUMe OKHU]I.
Yacrora 40 x['g

PaGouwnii nuamazon | 3 cMm..6 M
Makc. anasnor. ycui. | Usmenenue no 1025 3a 32 mara
[oxakmroueHue luna 1°C

Buemrnuii Bua nndpakpacHoro AaTyuka npecTaBiIeH Ha puc. /.

Pucynok 7 — YabTpa3ByKOBOW JaTUYUK

Kombunuposannwiit damuux SO0ckol-3

[Ipu mosiBneHUM yesnoBeKa B 30HE OOHapyX eHHs cpabaTbiBaloT 00a KaHaja
oOHapykeHHus (B 71000 MOCIEAOBATENIBHOCTH), MPU 3TOM BBIJIAETCA WU3BEUIEHUE O
TPEBOI'e MyTEM pa3MbIKaHHsI KOHTAKTOB BBIXOJHOTO pejie [27].

JlaT4uK OCYIIECTBIISICT MOCTOSHHBIN KOHTPOJIb 33 IIOMEXOBOM 00CTaHOBKOM B
OXpPaHSIEMOM IOMEIICHUU: €CIIM YPOBEHb MOMEX MO OJHOMY M3 KaHAJOB MPEBBICUT
JOMYCTUMBIN, NaTYUK aBTOMATHUYECKH W3MEHSET airoputMm oOHapyxkeHusa. [lo
U3MEHEHHOMY aJTOPUTMY OOHApYKEHUS JaT4YMK pabOTaeT B TeUeHUE 2 MUH, Yepes 2
MUH JIaTYMK BO3BPAIAETCS K OCHOBHOMY ajrOpUTMy OOHApPYKEHUS W IHKI
noBTOpsieTcs. V3Bemienue o nepexoje Ha APYyroi alropuTM UHIUIUPYETCS 3€JIEHBIM
CBETOBBIM HHAWKAaTOpoM. Ecmu BO BpeMs paboThl JaTdyuK IO alTOPUTMY
OOHapy)XEHHsI B YCIOBUSX TOBBIIICHHBIX TOMEX BBIJAETCS U3BELIEHHE O TPEBOTE,
Cpazy IO €ro OKOHYAaHWM JaTYMK BO3BPALIACTCA K OCHOBHOMY alTrOpPUTMY
OOHapy>KeHHUS.

CaoiicTBa KOMOMHHPOBAaHHOTO Hatunka SOCKOI-3 npencrasnensl B Tabmie 6.
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Tabnuma 6 — Cneunduxarnus naturka Cokoin-3

Tunsl CBY, undpakpacHsiit
HCIIOJIb3YEMBIX

JaTYNKOB

Hanpspxenune 10..15B

Tox 30 MA

PaGouwnii nuamazon | 5...10 M
Huamnazon pabouux | -30..+50 °C
TEeMITepaTyp

Brenrawmii B KOMOMHUPOBAHHOTO AaTYWKa MPECTaBIEH Ha puc. 8.

=

Pucynok 8 — KomOMHMpOBaHHBIN JaTYHK

2.1.3 Pe3yJbTaThl 3KCIIEPUMEHTOB U AHAJIU3

OcHOBHasl 1IeJIb MPOBEICHUS dKCICPUMEHTAIBHBIX HCCIICIOBAHUA JaTUNKOB
JIBUKCHHUSI — CPAaBHUTEIBHBIM aHAJIW3 CYHICCTBYIOIIUX JAaTYMKOB, OIPEICICHHE
HamOoJiee ONTUMAIBHBIX BApUAHTOB JUISI HCIIOJB30BAHUS B HWHTEIUICKTYaabHOU
CHUCTEME OCBCIICHMsS Ha OCHOBe MuKpokommbioTepa BeagleBone Black. Bueninmii
BUJ] SKCTICPUMEHTAIBHON YCTaHOBKH TPEJCTABIICH Ha pUCyHKe 9.

Ha si3pike C++ Obl1a paspaboraHa mporpaMmma, KOTopasi Mo3BOJISIET MOTYIUTh
uHbOpMaIlMI0O O cpadaThIBAHUU JATYMKOB TPU JABMOKCHHH B 30HE KOHTPOJIS

TATYUKOB.
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Pucynox 9 — DxcniepumMeHTaNbHAs YCTAHOBKA JJIST UCCIICI0OBAHMS CHCTEMBI

ACTCKTUPOBAHUA

B xome wucciegoBaHus JAaTYMKOB PA3IUYHBIX THUIIOB OBbUIM BBIOpAHbI
TUTMIAYHBIC MPEACTABUTENN KaXI0M Kareropuu. JlaHHbIE JAaTYUKHU UCIOJIb30BAINCH B
OKCIIEPUMEHTAJILHON yCcTaHOBKE. |11 JaTYMKOB JABVIKEHUS Pa3IMYHBIX THUIIOB ObLia
MOCTpOEHA JuarpaMma, T[OKa3bIBalomias WX 30HBI  JIEUCTBHS, HalJCHHbBIC
sKcriepuMeHTadbHbiM  TyTeMm (puc. 10). B 30He, KOTOpyr0 OXBaThIBalOT BCE
paccMaTpuBaeMbIe JTaTYMKH, ObUT TIPOBECH SKCIIEPUMEHT IO OMPEISICHUIO OTKIINKA

KaXXJ0I'o JaT4YhKa Ha ABHMXXCHUA IICTIICXO0A4a.

1 - 3ona geitcreusa Cokon-3
2 - 3oHa aeiicreusa SRF-08
3 - 3oHa aeiicteus DP104
- MapupyT nemexoza
I - llepeceyeHue 30H AEHCTBHUsA
C MaplIpyTOM

Pucynok 10 — 30HBI I€TEKTHUPOBAHUS JJII CEHCOPOB U IKCIIEPUMEHTAIHHBIC

YCIIOBUS

OnpeneneHre OTKIMKA AATYMKOB HA JIBH)KEHHE IEIIEX0Ja MPOUCXOINIIO0 B 3
METpax OT MECTA PACHOJIOKEHUS JNAaTUMKOB. Pe3ynbTaThl M3MEPEHUN NPEICTABICHBI

Ha PHUCYHKC 11. Paccrosnue ABHJKCHHA IICHICXOJa B 30HC IICPCCCUCHUA BCCX
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JATYNKOB COCTABISIET 2 MeTpa, pu 3ToM paccrosiaue st S0ckol-3 u DP104 B nBa

paza OoJble.

Tun
AATUHMKA

SRF08 |
DP104
Cokon-3 ‘

MUaeansHbiii
D 05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 tc¢

Pucynok 11 — J/Iluarpamma OTKJIMKOB JaTYMKOB HA JIBHKEHUE MEIIEX0I0B

B xoxe u3aMepenuit ObUIO OINpEAENIeHO, YTO Hambojiee OBICTPHIM BpPEMEHEM
OTKJIMKa o0JagaeT yiabTpa3BykoBod aatunk SRF0O8, 4Tro cocraBiseTr moim CeKYHIBI.
3amepKKka BO BpeMs BXOXIEHHUS TMeElIexXoJa B 30HY KOHTPOJS MPHUCYIA
MH(paKpacHOMY U KOMOMHUPOBAHHOMY JaTyukam, 4To coctasisieT 0.5 c. Ilpu 3Tom
3aJieprKKa MOCJe BbIXO/Ia Memiexoaa u3 3086l KoHTpoJis g DP104 cocrasnsier S c., a
st Cokoin-3 — 0.5 C.

CormacHo pe3yibTaraMm, NpeAcTaBiIeHHBIM Ha pucyHkax 10 m 11, moxkem
C/IeNiaTh BBIBOJ, YTO JJISI HCTIOJB30BAHUS B MHTEJUIEKTYaJIbHOM CHCTEME OCBEIICHUS
HanOoJiee ONTUMAJBHBIM  SBJISIETCS KOMOMHMpOBaHHBIM ngaTumk. [lpu 3TOM
WCITOJIb30BAaHUE YIIBTPA3BYKOBOTO JaTUYWKa B TAKMX CHCTEMaX BPSJI I BO3MOYKHO U3-
3a MaJoro yrjia JEUCTBUS JaT4YMKa, KpOME TOTO, JNAHHBIM THUN JAaTYMKOB HMEET
BBICOKYIO CTOMMOCTh OTHOCHUTEIBHO ApyruX. Takke B MHTCIICKTYaJIbHOW CHCTEME
OCBEIICHHMS BO3MOXKHO HCIIOJIb30BaHUE WH(PPAKPACHOTO JaTYMKa, TaK KaK OH
obnagaer OOJBIIMM YIJOM JICHCTBUS, OJHAKO, OOJadgacT OOMbINCH 3aaep)KKOH IO

BPEMEHHU.

2.2 OnpenesieHne U3MEHEHMsI MOTOAHBIX YCJIOBHU A

KpOMe 3aBUCUMOCTHU oT HHTCHCUBHOCTH JABHMXKCHUA aJalITUBHOCTD

HHTeHHeKTyaHBHOfI CHCTCMBbI OCBCHICHMA 3aKIIOYACTCA B aI[eKBaTHOI;‘I pCaKkoun Ha
21



U3MCHEHUH TMOTOJHBIX yCIOBUH. [0 MOTrOJHBIMH YCIOBHUSMH B TEPBYIO Ouepeib
IIOHMMAETCsl YPOBEHb €CTECTBEHHOIN OCBEIIEHHOCTH, 00yciioBlieHHas cBeToM CourHIIa
v JIyHel. sl JaHHOM 3a/1a4d MOXET OBITh MCIOJIB30BaH (POTOPE3UCTOP, KOTOPHIH
U3MCHSIET CBOE COMPOTHBIICHUE TOJT JICHCTBUEM CBETA.

B kauecTBe OSKCIEPUMCHTAILHOM YCTAHOBKH HCIOJIBb30BAIOCH CXEMHOE
pelieHre, npejacTaBieHHOe Ha puc. 12. JlaHHas SKCIEpUMCHTAllbHAs YCTAHOBKA
cocTouT U3 MuKpokommbiotepa Beaglebone Black, ¢oropesucropa u pesucropa Ha
10 kOM. DoTrope3rcTop U Pe3UCTOp OOpa3yrT JAEIUTENh HANPSHKCHUS, KOTOPBIHA
UCIIOJIB3YeTCSl  JUIS  TOrO 4YTOOBI MPeoOpa3oBaTh HM3MEHSIONIYIOCS —BEIHMYUHY
CONPOTHUBIICHUSI B 3HAYCHHE, KOTOPOE BO3MOXHO H3MEPHUTh HAa aHAJIOTOBOM BXOJIEC
BBB, nanHas BenuunHa 10bKHA OBITH IpeoOpa3oBaHa B Hanpspkerue ot 0 o 1,8 B.

Hcnonb3yemblid  (pOTOPE3NCTOP HMMEET TEMHOBOE CONPOTHBICHHE OKOJIO

200 kOmM, TipH SIPKOM CBETE COMPOTHUBIICHHE MajiaeT 10 1 min 2 kKOwm.

BeagleBone

Pucynok 12 — DkcniepuMeHTanbHasi yCTaHOBKA JIJIs1 M3MEPECHHSI

OCBCIICHHOCTHU

3J’I€KTpI/I‘-IeCKa$I IMpUHOUIINAJIbHAA cXEMa JJIA HCHOHLByeMOﬁ

HKCIIEPUMEHTAILHON YCTAaHOBKH MpeJcTaBiIeHa Ha puc. 13.

1,8B

R1
7
AIN1

R2

GND
Pucynok 13 — DnekTpudeckas NpUHIIMITHATIBLHAS cXeMa JIJIs MOIKITF0YEHUS

dboTopesucropa
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B cnyudae ecnu oTope3ucTop OCBEIIEeH, €ro COMPOTHUBICHUE YMEHbBIAETCH,
TaKk YTO HampspkeHue Oyzaer crpemutcs K 3HadeHuto 1,8 B. HaoOopot, mpu
YMEHBIICHUU OCBEILICHUS COMPOTUBICHUE YBETUUMBACTCS, U HANIPSKEHUE TMAJIaeT 110
0 B.

Jlamee  Bocmosb3yeMcs — OmOnmotekoit  Adafruit BBIO.ADC s
UCI0Jb30BaHus BbiBOOB BBB 1 cuntaem 3nauenue ¢ Beioga AIN1 BBB [28]:

>>> import Adafruit BBIO.ADC as ADC

>>> ADC.setup()

>>> ADC.read("P9_40")

0.64435346654646456

>>> ADC.read(""P9_40")

0.59456554555552234

Jlasiee BO3MOKHO HCIIOJIb30BaTh MOJYYEHHBIE JIAaHHBIC JISI TEpecueTa B
3HAUYCHUS OCBEIICHHOCTH COTJIaCHO YPaBHEHHIO, COOTBETCTBYIOLIEMY
HCIIOJIb30BaHHOMY (hOTOPE3UCTODPY.

JlaHHasi CXeMHOE pEIIeHNEe MOXKET ObITh UCIIOJIb30BAHO KaK JJIsl OTIPEACIICHUS
€CTECTBEHHOTO OCBEUICHMs, TaK M JJII ONPEACIICHUS COCTOSHUS (oHapss — TpHu
OTCYTCTBHUH HEOOXOJHMMOTO OCBEIISHUS TOJAETCS CHUTHAI O HepabOTOCIOCOOHOCTH
WCTOYHNKA OCBEIIICHUS.

Taxke nmmsa amekBaTHOM pabOThI CUCTEMBl Ipu Hcnojb3oBanuu CBY-
JaTYUKOB HEOOXOJMMO YYHUTHIBATh HAIMYMS JOXAS WU BETpa, YTO BO3MOXKHO,
UCIIOJB3Ys JaHHBIE, CUYUThIBAEMbIC C JAaTYMKOB BJIXHOCTH W BeTpa. IlogpoOHoe
WCCJICIOBAHNE BJIUSIHUS JOTIOTHUTEIIBHBIX (JaKTOPOB HA MHTEIJICKTYIbHYIO CHCTEMY

OCBCIICHUA IINIAHUPYCTCA B )IaHBHCfImeM.
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3 IlpoekTHpPOBaHME CUCTEMbI KOMMYHHKAIIUN

Cucrema KOMMYHHUKAIIMH, peaiu3dyemass B MHTEIUICKTyaJIbHOW CHUCTEME
OCBEILIEHUS, OMPEIEISIET HEe TOIBKO CIOCO0 KOMMYHHKAITUH MEXIY y3JIaMU CUCTEMBI,
HO U 3(p(PeKTUBHOCTh Bcel cucTteMbl. KOHTpOJIb HaJl CUCTEMOUN OCBEILIEHUS MOXKET
OBITh KaK IICHTPAJU30BaHHBIM, TaK W pacmperncieHHbIM. B miemom, B [29] Obuio
MOKa3aHO, YTO PACIpe/ICICHHbBIN KOHTPOJIb 00Jiee MEePCIEeKTUBEH ISl CIIOJIb30BaHNUS
B MHTEJUICKTYaJIbHBIX CHCTEMaX OCBEUICHUSI.

Pa3BuTHe pacnpeneneHHBIX CHUCTEM IMPHUBEIO K BO3HUKHOBEHHMIO MOHSITHS
MeKMalMHHOTO B3aumozeicteus (M2M), kK KOTOpOMY OTHOCST Kak ammapaTHEIC,
TaK 1 MPOTPaMMHBIE KOMITOHEHTHI.

Cucrempl M2M UMEIOT TpH KaTETOPUH KOMITOHEHTOB:

* YCTpOICTBA, KOTOPBIE CIIyKAaT KaK KOHTPOJbHO-BBIYMCIUTEIIBHBIE MyHKTHI
Ui ¥ 00pa3yroT PU3NYECKUIl YPOBEHb CETH KOMMYHUKALINU;

* TEIEKOMMYHHUKAI[MOHHBIE KOMIIOHEHTHI, B TOM YMCJIE LT3l MEXKAY CETHIO
UHTEPHETa U pa3HOPOIHBIMU ceTsiMu (OecripoBoaHbie, PLC);

* TOMEHBI TIPUJIOXKEHUH, 00Jaaromue yrnpasisionei ¢pynkmueit [30].

3.1 AnnapaTHasi 4acTh CHCTeMbl KOMMYHUKALIMH

[To d¢usnyeckoMy TPUHIUIY KOMMYHHUKAIIMOHHBIE CHCTEMBI MOIKHO
pa3ienuTh Ha:

e mepenavya HHMGOPMALMK C TOMOIIBIO TUHUH 1ekTponepenadn (PLC);

e rmepenavya MHGOPMAIIUU C TTOMOIIBIO HHPOPMAITMOHHOM IIIUHBI;

e  OecnpoBojHas repenava uapopmanuu (RF).

[lepenaya  wHbOpMAIMU  MOCPEJACTBOM  HH(MOPMAIMOHHON  IIMHBI
NPAKTHYECKH HE MPUMEHSACTCS M3-3a OFPAaHUYCHHS Ha TOIOJIOTHIO CETH — BO3MOYKHA
TOJIbKO (DM3WUYECKasi TOTOJIOTHSl IIMHBI, a TAaK)KE W3-3a OTPAHUYCHUS Ha BBIBOJIBI

VIOPABJISIIONIETO YCTPOMCTBA M JIOMOJHUTENbHBIE 3aTpaThl Ha NpoBoJa. Takum
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oOpa3oM, paccMOTpuM HamOoyiee BEpOSTHBIE CIOCOOBI Tepemaun WHPOpMalUd —

6ecnpoBoanoii u PLC.

3.1.1 IIpoBoaHbIe CHCTEMbI KOMMYHUKALMA

[lepenaua undopmaIu ¢ MOMOIIBIO JIMHUU JIEKTpOIepeaadyn MpeacTaBIIsIeT
co00¥ TEXHOJIOTHIO, TPEHAZHAYEHHYIO JIJIs MEPEIaud JAHHBIX C TTOMOIIbIO CHIIOBBIX
JMHUMN, HCMOJB3YEMBIX I TEpeladd d3JeKTpodHepruu. [ns maHHoro cmnocoba
nepeaadn uHGopManuu He TPeOyeTCs TOTOJHUTEIBHBIX BBIACICHHBIX JTUHUH, TaK
KaKk mepenadya WHGOpPMAUM OCYIIECTBISIETCS 1O JIMHUU BJEKTpOoIepeayn.
Beigensaior aBa ocHOBHbIX THma TexuHosoruii PLC: y3komosiocueie (NB-PLC) wu
mmpoxkomnosiocHeie (BB-PLC) [31].

B mmmpokonosiocHON TEXHOJOTUH UCIONb3yeTcs mosoca yactot ot 1,8 MI'n
o0 86 MI'nm m obecrnedyuBaeT CKOPOCTh IMEpeladd JaHHBIX B COTHU MOwuT/C.
[[InpokonosiocHasE TEXHOJOTHUS HCIOJIb3YETCS B MPUIIOKEHHUSIX MaJIOM JalbHOCTH,
YTO ONPECIIACT BRICOKYIO CKOPOCTh Tepeiaun JaHHbIX [32].

Huskouactoraeie PLC-cuctemsr paboTaroT B mojioce yactoT Hmke S00 kI .
B EBpomne 3Ta monoca orpanudeHa auanazoHoM yactoT oT 3 kl'm go 1485 xl'n u
pazzmenieHa Ha 4 4YacTOTHBIX noaauanazoHa, 4rto peryiaupyercs CENELEC wu
MOJIHOCTBIO omucaHo B crapgapte EN 50065-1 [33]. JlaHHbIC MO IHAIIa30HbI
ONPENIENAIOTCA KaK:

* A-muana3zon: 3 kl'nm - 95 kxI'm - 3ape3epBHpOBaHbl [Ji MOCTABIIMKOB
SHEPIUM [JIi MOHUTOPUHIA WJIM YIPaBICHUS paCHpeeIuTeIbHbIX CETe HU3KOIro
HaIpsHKEHUS.

* B-muanazon: 95 kI'm - 125 k' - MOXeT UCIONIB30BATHCS MOTPEOUTEISIMHU
MPWIOKEHUH 6€3 KaKoro-1u0o MPOTOKOJA TOCTYTA.

e C-gmanazon: 125 kIl - 140 xI'u - 3ape3epBUpOBaHbI [Jis JOMAIIHUX
CETEBBIX CUCTEM C 00s13aTeIbHBIM ITpoToKoioM nocTynma CSMA / CA.

e D-guanazon: 140 kl'u - 148,5 k['1 — UCIONB3YIOTCA JJIsI CUTHAIM3AIUU U

crcteM 0e30macHOCTH 0e3 Kakoro-iubo mpoTokoa goctyna [34].
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OcHoBHbIME 251eMeHTamMu PLC-ceTu sBsitoTCS:

e  PLC-kouTpomep;

®  MOJYJIU MOAKIIOYCHUS;

e  00BEeNMHMTEINbHA I1J1aTa;

e  OJIOK IIMTAHUS;

e  [porpaMMHOE oOecreyeHHe.

OcymecTBiieHne TmepeAadd WH(POpPMAIMK 3aKIIOYaeTCs B TNPUMEHECHUH
METOJ0B Monyisiuu. Jlo HelaBHEro BPEMEHU Y3KOMOJOCHBIE CHCTEMbl ObLIN
OCHOBAHBI Ha OTJACIBHBIX MOAYJIAIUSIX HECYIUX. B Takoi MOIyIsmuu JaHHBIC ObLTH
MOJIy4eHbl TYTEM H3MEHEHHUs WM MOJYJAIMH TapaMeTpoB CHUTHala HECYyIIeH,
HAIMpUMEP: YaCTOThl MOAYJISIUU (YACTOTHASI MAHUMYJSIKA) Wik (Ha3sl MOAYISIIUN
(pazoBas manumysus) [34].

K npenmymiectBam PLC MOXHO OTHECTH:

®  BO3MOYHOCTb ObICTpOM azanTaluuu CYIIECTBYIOIIEH ceTn
AJIEKTPOIIepEaaun, YTO CHUYKAET 3aTpaThl HA TPOCKTUPOBAHNUE U IKCILTyaTAITHIO;

®  UHTCHCUBHOE pa3BUTHE, MPEIOCTABISIONIEE HECKOJIbKO CTaHJIapTOB
nepeaadr nHpopMaIuu.

K HemocTaTkaM MOXHO OTHECTH:

® 3aTyxaHWE€ M  MCKAXEHUs, BBI3BAHHBIE  AJIEKTPOIPOBOJKOW |
MOAKTIOYEHHBIMU JIEKTPONPUOOPAMH.

[TpMEeHHUTEILHO K MHTEIUICKTYadbHBIM CHCTEMaM OcBelneHus, B [35] Obuto
BBISIBJICHO, UTO PTYTHBIC JIAMITBI HETATUBHO BIIMSIOT HA Ka4€CTBO NEpPeIaun JaHHBIX B
PLC-cersix. JlaHHBIH CYIIECTBEHHBId HEJOCTATOK MOXHO H30€XKaTh, HCIOIB3Ys
CBETOJIMOTHOE OCBEIICHUE.

Taxk >xe ucnosib30BaHUE CETEH MEPEMEHHOTO TOKa JO0OABIIIET TAPMOHUYECKUE
nomexu B PLC-cetm wu cnocobctByeT 3aryxaHuio curHana. [IpoBoasrcs
WCCJICIOBAHMS, JOKA3bIBAIOIIME IPEUMYIIECTBO TEPEexXoJa C CETeH MUTaHusA

IIEPEMEHHOTO TOKA HA CETH C IMOCTOSTHHBIM TOKOM [36].
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3arpynHenne, cBsizanHoe ¢ BHenpeHueM PLC-cereit B Poccum, cBszano,
nokanay, co ciaadblM TIPaBOBBIM OOECIEUEHHUEM IS JIaHHOM TEXHOJOTUH

MPUMEHUTENBHO K TOPOICKON HHPPACTPYKTYpE.

3.1.2 BecnpoBoaHbIE CHCTEMbI KOMMYHUKALIMH

becipoBogHbIE CHCTEMBI KOMMYHUKAIIMH, WCIOJBb3yeMble B CHCTEMax
ynpasieHus, Biarouaror GSM/GPRS cetn, Bluetooth cetu [37], Wi-Fi [38], Zigbee
[39], ceTn co cBepxmmpoKoNOIOCHOM epenayeii nanubix [40].

[To mambHOCTH CBSI3M MOYKHO KJIACCU(DUIUPOBATH:

WWAN (Wireless Wide Area Network) - OecrpoBogHas rio0aabHas
BBIUMCIIUTENbHAS CETh, B KOTOPOM MCIONB3YIOTCS Takue TexHoioruu, kak UMTS,
GPRS, GSM u T.1.

WMAN (Wireless Metropolitan Area Network) - OecnpoBojHBIE CETH
Mmaciitaba ropojaa, takue kak WiMAX-ceTb, paboTaroiias Ha OCHOBE CTaHIAPTE
IEEE 802.16 co cxopoctsimu 1-10 Mout/c B 30He 4-10 kM.

WLAN (Wireless Local Area Network) - GecripoBojHast JOKajbHas CETh C
nanpHOCTRIO AericTBus 10 100 m. Wi-Fi (IEEE 802.11) — nau6osiee u3BeCTHBINA HAOOP
CTaHJapTOB.

WPAN (Wireless Personal Area Network) - GecrnipoBojHas mepcoHaabHas
CeTh, MpEAHA3HAYCHHAS [IJIS Mepefadyd JaHHBIX C HU3KOW CKOPOCTBIO UM 4YaCTOTOU
nepenaun 2.4 I'Tu. Bluetooth, ZigBee — nambosiee W3BECTHBIC IPEICTABUTEIIN
JAHHOW KaTErOpHH.

[IpeumymecTBa OeCIIpOBOIHOM TIEpeIayy TaHHBIX:

®  YCTpaHCHHE BCEX BO3MOJKHBIX 3aTpaT, CBA3AHHBIX C (PU3NYCCKON CBSI3BIO
DJIEMEHTBI CUCTEMBI,

®  BO3MOXHOCTh  YCTAaHOBJICHMSI ~ COCIWHEHUS  JUII  YCTPOICTB,
UCTIOJIB3YIOMINX ~ Pa3fUYHBIA ~ TPOTOKOJ  TepeAadyd  JaHHBIX  OT  Pa3HBIX

IIPOU3BOAUTEIIEN;
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L BO3MOXHOCTB

nobaBieHUH HOBOTO demenTa [30].

beim mpoBeneH cpaBHUTENBHBIM aHanu3 OecrnpoBogHbix u  PLC-cereit

(tabmn. 7) [41].

ABTOMAaTU4YCCKH

nepeKoH(UrypupoBatb  CeTh

Tabnuma 7 - CpaBHUTENbHBIN aHaN3 OecipoBoIHbIX ceTeit u PLC-cereit

becnipoBoanbie ceTu

Yi3kononocubie PLC-cern (3-500 kI'm)

N30mpaTensHOCTh KaHalla TI0 BPEeMEHU
00ycoBieHa MOOUIIBHOCTBIO Y3JI0B.

N30uparenbHOCTh 1o BpEMEHU
00ycIoBIIeHA CIly4ailHbIMU
NEPEKIIIOUECHUSIMU B DHEPTOCUCTEME.

CroxacTHUeCKHil XapakTep U3MEHEHUs
BO BPEMEHU OINPEAEIIAETCS C IOMOILBIO
JOTUIEPOBCKOIO CIIEKTPA.

V3MeHeHre BO BPEMEHH, KaK IPaBHIIO,
IEPUOIUYECKOE C TEPHOIOM, PaBHBIM
MOJIOBUHE OT CETH IEPEMEHHOr0 TOKa
[42] ¢ snorHOpMAaabHBIM CEJICKTHBHBIM
3aMUpaHueM 1o BpemeHwu [43].

MOLIHOCTh  YMEHBIIAETCS  COTNIACHO
d™"?2, tme d — paccrosHme, 5 -
TIOCTOSIHHAS PACIIPOCTPAHEHHS.

MOMIHOCTh  YMEHBIIIAETCSI  COTJIACHO
e~ @) grone MUHEM 3MEKTpOIEpENAUH
U Janee 3aTyxaeT NpU MPOXOKICHUH
yepes TpaHCcHopMaTophl.

JIONOTHUTENBHBIA ~ IIYyM  OOBIYHO
SABJISIETCS CTallMOHAPHBIM 151
["ayccoBckum.

JIOTIOTHUTENBHBIN [IYyM  SIBIIIETCA HE
l'ayccoBckum u MMITYJIbCHBIM C
MAKJINYECKUM KOMIIOHEHTOM

JAvHaMu4ecku H3MEHSIOMasIcs cpeaa
pacIpOCTPaHEHUSI CUTHAJIOB.

JlumutupoBaHHasi UHTEPPEPECHITHS

@uKCUpoBaHHaA TOMOJIOTUS ceTu
obOecrieunBaeT  JACTEPMUHUPOBAHHOCTH
poIlecca PaCIPOCTPAHEHUSI CUTHAJA

[ToreHunanbHas uHTEPPEPECHITUS
OTpaHUYCHA HECOIIACOBAaHHBIMU
MOJIb30BATENISIMU ~ W3-32  YBEJIMYCHHUS

pa3BepThIBAHUS PA3IMYHBIX CTAHIAPTOB
[44].

MHOTroKaHaAJILHBIN BXO/T —
MHOrokaHanbHbI  BbIXOA (MIMO)

IMPOKO HCIOJIB3YETCS, HANpuMep, B
WIMAX u LTE

MIMO nopsaka (# npoBomoB — 1)
BO3MOXHA (KaK Hampumep, B CTaHIApTE
G.9964 MIMO nnis BB-PLC)

['moGanbHass CHHXpPOHM3AIUSI IO CETU
3aTpPyIHUTEIIbHA

Hecymmii curnam mnepeMeHHOTO TOKa
MOYET YIIPOCTUTh CHHXPOHHU3ALUIO

npu

Cormnacuo CPABHUTCIIbHOMY  aHAJIM3y HaA I[aHHBII\/JI MOMCHT CaMbIM

NCPCICKTUBHBIM BapHaHTOM [JII HCIIOJIb3OBAHUSA B I/IHTGHHCKTyaHBHOﬁ CHCTEMC

OCBEIICHHUS SIBIISIOTCS OECIPOBOIHBIC TEXHOJIOTHH, Takue Kak ZigBee u Wi-Fi, tak
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KaKk TpeOyIOT MEHBIIMX 3aTpaT Ha YCTAHOBKY M OJKCIUTyaTaluioo. Bo3MOXHOCTH
ucnons3oBanuss Wi-Fi cereii peanusyercss B JAaHHBIH MOMEHT B paMKa IMPOEKTa
SmartLighting B I'epmanumu.

Ho B TO xe Bpewms, cormacHo Tabn. 8 ZigBee mpeamonaraer Oosbliee
KOJIMYECTBO y3JI0B KOMMYHHKAI[MM M TI03BOJSICT SKOHOMHYHO pacxoj0BaTh
siIekTpodHepruio [11].

Tabnuma 8 — CpaBHeHuUe CTaHIAPTOB Niepeaun HHHOpPMALIUU

ZigBee Wi-Fi Bluetooth
Cranpaprt |IEEE 802.15.04 802.11 b/g 802.15.01
Ha3nauenue VYmpasinenue [upokonosiocHas cetb | MoOMIbHBIE

YCTPOWCTBA

Kon-Bo yctpoiicts | o 65 000 32 7
B CETH
Pabouast 30Ha 100 m 100 m 10 m
Bpewms pa6otsl | 100-1000 aueit | 1-5 nueit 1-7 nuewt
Oarapeun

3.2 IlporpaMmMHasi 4aCTh CUCTEMbI KOMMYHUKAUH

B kadectBe 0a30BBIX MEXaHHU3MOB, HCIOJIB3YEMBIX B MPOTrPAMMHON YacTU
CUCTEMbl KOMMYHUKAIIUH, SIBJITFOTCS:

e oOmas mnaMmsiTh: oOwmw@as o01acTb MNaMmsATH YCTAHABIMBAETCA MEXIY
MpolieccaMH JIJIsl B3aMMHOTO oOMeHa nH(OopMaIny;

* MEXaHMU3M COOOIICHUN: MEXaHW3M COOOIICHUN SBJISETCS OJHUM U3
KOMMYHUKAIIMOHHBIX MPUMUTHBOB, UCIIOIB3YEMbIX JJISI CBS3U MEXIY MPOIECCaMHu.
[Ipotiecchl B3aUMOJEHCTBYIOT IPYT C APYroM, MPUHUMAs M OTChIIAs MEXIY COOOi
COOOIICHUS,

« kouBeiiep (pipeline communication): MexaHHW3M,  BBIIOTHSFOLIMIA
NepeHarnpaBieHUE BBOJA-BBIBOJA, T.€. TO YTO BBIBOJUT HA MOTOK CTaHAAPTHOIO
BBIBO/IA MPEIBLIYIINN MPOIECC, MOMa aeT B MOTOK CTaHAAPTHOTO BBOJIA CIIETYIOIIETO
MpoI1lecca;

* COKETBI: KaXKJlas CTOpPOHa OTKPBIBAET IMOPT JJIsi YCTAHOBJICHHS COKET-

COCIMHEHUS, Yepe3 KOTOPOe MPOUCXOANT Tepeaaya qaHHbIX [45].
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Pa3pabaTeiBacMasi HMHTEIUIEKTyallbHAsi CHCTEMa OCBEHICHHS HE BKIIOYAET
[ICHTpaIbHOTO 0OjI0Ka ympaBiacHus. Ho JgaHHOE yTBEp)KIACHHE BEPHO JIKIID
OTHOCHTEJIBHO ariapaTHON pealn3aliy - HET CIEIUAIBLHOI0 YCTPOWCTBA B CUCTEME,
KOTOPOE IICHTPAIU30BAHHO YIPABJISIET U KOHTPOJUPYET CBETHIbHUKH. OHAKO, €CITH
paccMaTpuBaTh JIOTHYCCKHE YPOBHHM (YHKIMOHAIBHONW CXEMbI CHCTEMBI, TaKOM
HEHTp cymiecTByeT (Tadm. 9) [46].

Tabmuma 9 — CTpyKTypa HHTEIJICKTYIbHOW CHCTEMBI OCBEIIICHHUS

I{entpanbubiii 610K ynpasieHus (IIporpam. obecrieueHue)
CkpunThl

Mapuipytuzanus/Y poBeHb KOMMYHUKAIIUN

Cpena nepenauu uHdopmanmn/Du3ndecKuii ypoBEHb
YpoBeHb IPOrpaMMHOT0 OOecTeueHus!

LlenTpanbHblid  OJIOK yHpaBi€HUS SBISETCA YOPABISIOLUM 3JIEMEHTOM
cucteMbl. OH KOHTPOJIHMPYET BCE OCTAJILHBIE CIIOH, CJIOHM, KaK MoKa3aHo B Tabnuie 9,
[IOJIy4aeT CHUTHAJIBI OT JaT4YMKOB, YCTAHABIMBAET CBS3b MEXAY Yy3JaMU H
KOHTPOJIUPYET YPOBEHb OCBEIIEHHOCTH HCTOYHHMKA OCBELIEHUSA. TakuMm 00pa3om,
LHEHTpaJbHBIA  OJIOK  YIpaBJIEHUS  aCCOLMHUPYETCS C  KaXAbIM  y3JI0M
WHTEJUIEKTYallbHOM  CUCTEeMbl ~ OcBelleHHus. B xozme  paboTbl  MPOHUCXOAUT
KOMMYHUKAIIMSl MEXKIYy JaHHBIMM y3JaMd M peau3alus COOTBETCTBYIOUIUX
CLICHAPHEB.

[Ipu oOHapyXeHMHM [BI)KEHHMS JaHHbIE C JaT4YMKa [EpelaroTcs Ha
HEHTPAIbHBIA OJIOK yIpaBJieHHUs, KOTOPBIM, B CBOIO oOuYepedb, OIpPEACINIeT
HaIpaBJIeHUE, CKOPOCTh, MOMEHT OOHAPYKEHHUS JBUKEHUS U reorpaduyeckue amdo
JIOTUYECKHUE KOOPAMHATHI, TIOCIIE YEro noyiyueHHass uHpopmaius oOpadaTbsiBaeTcs U
BbIJIa€TCS KOMaHJla UCTOYHHUKY OcBeleHus. Jlanee neHTpaibHbId OJIOK yIpaBiieHuUs
MOCHIJIAET COO0IIeHHe 00 OOHAPY>KEHUM ABUKEHUS COCEAHHUM Y3JIaM WJIH MOJy4YaeT
OT HUX OTBET.

IPv6-aBTOKOHUTYpanust ceTr u mojdydyeHue uHdopManuu o KOMOOPTHOU
30HE€ OCBEILECHUS MPU OOHAPYKEHUHU JIBUIKEHUS - CLIEHAPUU, KOTOPbIE 3aIlyCKalOTCA C

IMOMOIIBIO ONCHTPAJIBHOT'O Oy0Ka YHpaBJICHUA, KOT'/JIa OHA HGOGXOI[I/IMBI.
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Jlist oOHApy>KeHHS JBIDKYIIETOCS OOBEKTa M OMPENEIIEHHOM HampaBlICHUU
JBIKEHUS HEOOX0IMMO, 9TOOBI KaXabli (poHaph 00J1a7a1 KOOpAMHATAMH, HA OCHOBE
KOTOPBIX BO3MOXHO MPUCBOCHHUE KAXIOMY (DOHAPIO YHUKATHHOTO MECTOMOI0KEHHUS.
Jlmst sTol menm B pa3pabaThiBaeMON HMHTEIUICKTYaTbHOW CHCTEME OCBEIICHUS

UCIIOJIB3YETCS CliennaibHas cxema aapecanun (puc. 14) B cooTBeTcTBHH C [47].

_\ 01:04

.\.oz.os
_\ 03:05

1 05:07

.}1:06 05

Pucynok 14 - Cxema agpecanuu, UCIOIb3yEMON B HHTEIJIEKTYaIbHOM

crcteMe ocBeleHus [47]

Takum o00Opa3oM, mpennonaraeTcs MCHOJIb30BAHUE CXEMbI aJipecallui,
OCHOBAaHHOM Ha JBYMEpPHOM CTPYKType CETKH ¢ KoopauHatamMu X u Y. OTu
KOOPAMHATHI KOJUPYIOTCS B CETEBOM apec KaKA0ro ceteBoro ysna. Madopmanus o
MECTOTIOJIOKEHHH SIBJISIETCS JINOO JIOTMYECKUI, OCHOBAHHBIN Ha JIEKApPTOBOM CHCTEME
KoopauHaT ¢ HadasioM koopauHat (0;0), uau adcoroTHAs, Ha OCHOBE aOCOJIFOTHBIX
reorpauuecKkux KOOPAWHAT, BKJIIOYAIOIIUX JOJITOTY U IIUPOTY, TMOJYYEHHBIE C
nomonisro moayist GPS.

ABTokoH(puUrypupoBanue [Pv6 peanusyer KoAUpOBaHHWE MECTOIMOJIOKECHHS B
IPv6-anpec kaxxgoro ceTeBOrO y371a, W, TaKUM 00pa3oM, MO3UIMOHUPYET KaxIbIN

y3e] Ha ceTke. JTa (yHKIHUS SBISETCA MPEUMYIIECTBOM, TaK KaK PaCIOJIOKCHHE
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ynugHoro (¢oHapss MOXKeT OBITh YCTAHOBJIEHO C ToOMOIIbio 3ampoca [P-aapeca
COOTBETCTBYIOILIETO y3Ja.

B kauectBe BTOpoi yactu aBTOKOH(urypupoBanus I[Pv6, mnpoucxomut
OTpE/EeNICHNE COCETHUX JIaMIT JIJIsl KaKIOU JIAaMITbI, TAKUM 00pa3oM CTpPOsSi CETEBYIO
TOTIOJIOTUIO JIAMII, KOTOPBIE 3aT€M JIal0T BO3MOXKHOCTb COOTBETCTBYIOLIUM 00pa3zomM
pearupoBaTh Ha ONPEACICHHOE HAIIPABJICHUE JIBU>KCHUSI.

Ilepen BKIHOYEHMEM COOTBETCTBYIOIIUMX OTHEU JUISI YYACTHHUKOB JOPOKHOTO
JIBW)KCHUSI CHUCTEMOM OIPENENseTCsl 30HAa OCBEIICHUS [UJIsi OCBELIEHUS TOJIBKO
HEOOXO0aUMOro mpocTpaHcTBa. [lns paboThl JaHHOTO aJIrOpUTMa HEOOXOIUMBI
CIIEIyIOLIME BXOAHBIE MapaMeTpPhbl: MECTOMNOJIOKEHHE OOHAPYKEHHOIO0 OOBEKTa,

HaIlpaBJICHUC ABUIKCHUA U CKOPOCTDb ABHIKCHMUA.
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4 Pazpaborka ajaropurma padoTbl HHTENJIEKTYAJIbHOH CHCTEMbI

OCBCIIICHUA

PaccMoTpeB BO3MOYKHBIE TEXHOJIOTHH IS peaTu3alldd WHTEUICKTYalbHON
CHUCTEMBI OCBCIICHUs, Oblla pa3paboTaHa cXeMa y3Jla WHTEUICKTYaJbHON CHCTEMBI
OCBEIIEHUS COTJIacHO puc. 15.

Mnata ppatieepa LED

WnTepdeiic Cuctema Cuctema
Harpyska p onpepeneHua MOHWTOPUHIa
LED .
I ] HEUCNPaBHOCTEN TEMNEPATYPbI
| I —

lNnata ynpaBneHua [ ]

Cucte ma
KOMMYHUKALLMK

Henutenb
HanpameHnA HU3me-
puTEnD i

MOLL- I

E TJrE LatimK Toka HeE 2~ Beaglebone é
- ] Black 2%

Cepsep

- Cuctema AaHHBIX

L ® JeTeKTMPOBaHMA Cucrem
L1 /_\/ L2 MOHMTOPUHTa
220B J —>

Pucynok 15 - briok-cxema y3jia UHTEJUIEKTYyaJIbHOM CUCTEMBI OCBEIIECHUS

B kawecTBe UEHTpaJbHOTO  YIPABISIONMIETO  YCTpPOWCTBA  BhIOpaH
mukpokommbpioTep Beaglebone Black, xoTopelii ocymiecTBiser  ynpaBicHHE
CUCTEMaMHU JETEKTUPOBAHUS W KOMMYHUKAIIMH, MUTAHHEM HCTOYHUKA OCBEIICHUS,
IUIaTOM ymHpaBiieHUs OCBelIeHHEM. M3MepuTellb MOIIHOCTH TO3BOJSET HU3MEPATH
CIJIy TOKa, MOIMHOCTh, YTO HWCIOJB3YeTCS s JaJbHEHIIEero yIpaBlICHUS
OCBEILEHHOCTBIO, 3aBUCUMOM OT MOJaHHOT0 HamnpspkeHus. CucreMa eTeKTUPOBaHUS
OTIpe/ieTIsieT N3MEHEHNE BHEITHUX YCIOBUH, HA OCHOBE YEer0 MPUHUMACTCS PEIICHNE
00 ypoBHe ocBenieHHOCTU. B maty npaiiBepa LED BkitoueHbl peann3oBaHHBIN
uHTepdeic, HeoOXOMUMBIN nJisi ympaBieHus (oHapeMm, cucTeMa OIpeaeieHus
HEUCTIPABHOCTEH, KOTOpasi MO3BOJIAET ONEPATUBHO PEarupoBaTh Ha BO3HUKAIOIINE
HEUCITPAaBHOCTH, CHCTE€Ma MOHHMTOPHHIA TEMIIEpaTypbl, KOTOpas HeoOXxoauma s

npeaoTBpalmiCHuA IICPEIpeBa INIATBI, YTO MOXKCT IIPUBCCTH K HCHUCIIPABHOCTH.
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Cucrema KOMMYHHKAIIMM BKJIIOYAeT B ce0s Kak (PyHKIMU mepemnadu wHPOpMaIUn
MEXy PaBHO3HAYHBIMH Y3JIaMH CETH, TaKk U (DyHKIMHM mepenadyun mHGOpMAIMU Ha
cepBep JaHHBIX JJIs MTOCIEAYIOIIEr0 MOHUTOPHUHTA OIIEPaTOPOM.

Jlamee i1 co3daHHS IOJHOIICHHOM CHCTEMBI HEOOXOIMMa KOMOWHAIIHS
y3JI0B, PACCMOTPEHHBIX BBIIIE, CO3/IaHUE NMPOTPAMMHON YacTH, HACTPOMKA M OTJIa/IKa
cucTeMbl. PaccMoTpeHrWe  JaHHBIX  BOIIPOCOB  3aTparvMBaeT  OMNpEJICTICHUE
KOH(HUTypalui CUCTEMBI, YTO HEBO3MOXKHO 0€3 OmpeaereHUs] COOTBETCTBYIOIIUX

OI‘paHI/I‘IeHI/Iﬁ u Tp€6OBaHHﬁ K CHUCTCMC, 4YTO paCCMaATpUBACTCA OAJICC.

4.1 HpeIlBapl/ITe.]'leble HCCJICA0OBAHUSI HUHTCHCUBHOCTH JTOPOKHOIO

ABHKCHUSA

B nmanHOM pasnene  paccMaTpUBAIOTCS  Pe3yJbTaThl  MCCIEIOBaHUMA
MHTEHCUBHOCTH JOPOKHOTO JBW)KEHHS aBTOMOOWJIEH, NPOBEACHHBIX B TOpOJE
Tomcke  KOJUIEKTUBOM W3  TOMCKOro  rocyJapCTBEHHOTO  apXHUTEKTYpPHO-
CTPOUTENBHOTO yHHUBepcuTeTa [48], u memexonoB, mpoBeneHHBIX B Topone Kérene,
3emiia  CakcoHusA-AHXanbT, ['epmaHusi, KOJUIEKTUBOM U3 Jnabopatopun FILA
VYHUBepCUTETA PUKIAIHBIX HayK AHXxanbTa [49].

[IpumeHeHne pe3ynbTaTOB MPEANOJaraeTcsi MCIONb30BaTh Ha YJIMLAX T.
Tomcka — CaBunbix 1 CoBeTCKas Kak MpeArojiaraéMble YIHIbl sl TECTUPOBAHUS
WHTEJUIEKTYaJIbHOM CHCTEMBl OCBEIIECHHA. Takoe IOmyIeHWe BO3MOXHO 3a CYET
TOXXJIECTBEHHOCTH  KATETOpPUM  yJIMI, YYWUTHIBAEMBIX B  HCCIECJOBAaHUAX W
MpeAnoaaraeéMblX YIUI[ JIs peaiu3alii CUCTEMbI OCBELLIEHUS.

Ha puc. 16 mnpencraBieHbl pe3yiabTaThl HCCIEAOBAHUS HWHTEHCHUBHOCTH

JIIBUOKEHUS aBTOMOOMJIEH.
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Pucynok 16 — CpenHsis HHTEHCUBHOCTD JIBXKEHUSI aBTOMOOMIIeH B r. ToMcke

B 3aBUCHUMOCTH OT BPECMCHH CYTOK

[Ipumem, uto B cpeHeM HeoOxoaumMoe Bpemst ocserieHus — oT 20:00 mo 5:00.
Tornma 1151 JaHHOTO BPEeMEHU MHTEHCUBHOCTD JBIKEHUS — oT 216 1o 1521 en/d.
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KOJIMYECTBO MELWEXOA0B

Pucynoxk 17 — CpenHsisi ”HTEHCUBHOCTD JBM)KEHUS neliexo10B B r. Kérene B

3aBUCUMOCTU OT BPEMCHHU CYTOK

NHTEHCUBHOCTD ABMKEHUS TMEIIEXO0/I0B B MEPUOA HEOOXOAMMOI0 OCBEUICHUS
coctaBisieT oT 6 10 120 en/u. IlonmydyeHHble JaHHBIE MCIIONB3YIOTCS B CIEAYIOIIEM
paszene npu ONpeAesIeHUH KAaTeropuu AOPOr AJisi BbIOOpa ONTUMAIbHOTO YPOBHS

OCBCIICHHOCTH.

4.2 TlpaBoBbIe 0COOEHHOCTH MPOEKTUPOBAHUS IOPOKHBIX MPOCTPAHCTB

JlaHHbI pa3fen OCBSAUIAET MPABOBBIE BOMPOCHl MPOEKTHUPOBAHUS YIUYHBIX

CUCTCM OCBCHICHHA B IICPBYHO OYCPCAb C TOYKHU 3PCHUA HOPM OCBCHICHHOCTU H
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KOHCTPYKLMH 3JIEMEHTOB OCBEIICHHUS MJs IJIAaHUPOBAHUS HIIEMEHTOB CHUCTEMBI
OCBEIIEHUS C OMNpEICICHHON MOIIHOCThI0. TpeOoBaHUS MO OCBELICHHOCTH
MO3BOJISIOT BHEJIPUTH COOTBETCTBYIOUIUME OrPAHMYEHUS TP HUMIUIEMEHTAIUU
aJlropuT™Ma pabOThl MHTEIUIEKTYaJbHOW CHCTEMbI OCBEIICHUS — KakK B amnmapaTHOU
4acTH, TaK U B MPOrPaMMHOM.

AHanu3 JOKYMEHTAllMM OCHOBBIBAETCSI HA KIIOYEBBIX JOKYMEHTax IO
MPOEKTUPOBAHUIO YIIMYHOTO OCBEIICHUS TOPOJIOB:

e  mpaBmia ycTpoicTBa anekTpoyctaHoBok (I1YD). M3nanue ceapmoe [50];

e  CHulIlI 3.05.06-85. DnekTpoTexHUUECKUE yCTpoicTBa [51];

e CH 541-82. NHCcTpyKIMsA MO IPOEKTUPOBAHUIO HAPYKHOI'O OCBELICHUS
TOPOJIOB, IIOCEIIKOB U CEIbCKUX HACCIICHHBIX ITyHKTOB [52].

CornacHO TPOBEJEHHOMY HCCIEIOBAaHUI0 HHTEHCUBHOCTH JIOPOXKHOTO
JBUKCHHSI, MOXKEM 3aKIIFOUYUTh, 9TO KaTErOPHUs PACCMAaTPUBAEMBIX YIIUI[ OTHOCUTCS K
B2 (ta6n. 10) cormacuo CIT 52.13330.2011 [53].

Ta6muma 10 — Jlanuble 171 onpeeeHus KaTeropyuu TIOPOru

Kareropus Kia OcHoBHOE TpancnoptHas Pac- Yucno | Ilpon
00BEKTOB cc Ha3HAYCHHUE | XapaKTEpPUCTUKA| YETHas| TOJOC yc-
o0BeKTa CKO- | JBWKEHHU| KHas
pOCTb, 1B CIIOCO
KM/4 oboux | OHOCT
HaInpas- b,
JEHUSIX | ThIC.
en/q
VYmun | Kunasa | B2 | TpancnoptH Jlerkoso, 60 2-4 1,5-3
bl M |3aCTpOM BIE U CIIeIMATbHBIN U
JI0por| KaB NeIeXO0AHbIe | 00CTYKUBAIOLIU
U | LeHTpe CBSI3U B 1 Tpy30BOH
MECT | ropoja JKHUJIBIX TPaHCIOPT,
HOI'0 MHKpPOpanoH JBUKEHUE
3Haue ax, BBIXOJ Ha | PETyJIUpYyeEMOE,
HUS MarucTpaiu | TIepeceueHus B
OJIHOM ypOBHE

JIns HaliICHHOM KaTeropuH OMpeae MM HOPMbI OCBeIIeHHOCTH (Tabum. 11).
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Tabmuua 11 - Hopmupyemble nokaszarenu Uisl JOPOTHM € PETYJSIPHBIM

TPAaHCIIOPTHBIM ABWKCHUCM C aC(l)aJ'IBTO6eTOHHBIM IOKPBITUEM

Karer | Knacc | Cpennss OO0mas [IpononbHas Cpennsis PaBHOMepHO
opusi | 00OBEK | SPKOCTH | PAaBHOMEPHOC | PABHOMEPHOC | OCBEIICHHO CThb
00BEK Ta JIOPOKHO Tb Tb CTb pacnpeneieH
Ta ro pacipesiesieHd | pacipeiesieHu | JTOPOKHOIO ust
MOKPBITH sl IPKOCTHU s SIPKOCTH MOKPBITUS | OCBEIIEHHOC
s JIOPOKHOT'O JIOPOKHOTO Ecp K TH
b 2
ch, KIUM MTOKPBITHS MOKPBITHS He MeHee JIOPOKHOTO
2 Lmu{ f ch ) Lot !/ Lypae ) TTOKPBITHS
)
E__IE
He MeHee HEe MeHee He MeHee M ' Sop
HEe MeHee
B B2 0,6 0,4 0,5 10 0,25

OcaelleHre Npoe3kel 4acTH y4acTKOB YIINIL, AOPOT M IJIOMAJEH TOpOACKUX
MIOCEJIEHUN CO CTAHAAPTHOW F€OMETPHUEHN C PETYJISIPHBIM TPAHCIIOPTHBIM JIBUKEHUEM

CJIeIyeT MPOEKTHUPOBATh MUCXOJ U3 HOPM CPEIHEH SIPKOCTHU JOPOKHBIX MOKPBHITUN

L ~ ~ ~
°F, CJIMSIIEro ACUCTBUS M OOIIEH M MPOJOJIbHOW PABHOMEPHOCTH pacCIpeaesieHUs

Ly ' Lo o Lo 11

SAPKOCTU JTIOPOYKHOTO IOKPBITUS P U wae | [Tpu 9TOM CcpeaHss spKOCTb
WIM CPEIHSISL OCBELIEHHOCTh NOKPBITHS MPOE3KEN YaCTH B IPAHUIIAX TPAHCIIOPTHOIO
nepecevyeHrsl B JIByX W 0oJiee YpOBHSIX Ha BCEX MEPECEKAIOIIUXCS MarucTpaisx
JOJKHA OBITh KaK Ha OCHOBHOM M3 HHX, @ Ha Ch€3/1aX U OTBETBJICHUX - HE MeHee 1,2
K/M2, w15 Jk.

Ha ymunax, poporax © TpaHCHOPTHBIX 30HAX IJIOMIAJAEH MOpPOTrOBOE
IpHpalleHe APKOCTU 7 He JOIDKHO IpeBbluath 15% B auanaszone 0,4-1,0 ko/m%. A
TAaK)K€ Ha y4acTKax TOpPOACKOTO MPOCTPAHCTBA, I'ZI€ HOPMUPYETCS OCBELIEHHOCTD,
TpeOyeTcss OrpaHUYUTh NPEACNIbHYI0 CUJTy CBETa CBETUJIBHUKOB B YCTaHOBKE B
HarpasieHuu Boaurtenend noxa yrimamu 80° m 90° OT BepTHKaIud COOTBETCTBEHHO
3HaueHussMH 30 u 10 kg wHa 1000 AM CyMmapHOTO CBETOBOrO MOTOKAa JIaMH B
CBETUJIbHUKE.

I/IHTCHHGKTyaJ'IBHaﬂ CHCTCMA OCBCHICHHUA ITO3BOJIICT CHHKATh OCBCIICHHOCTD

Ipu YMCHBIICHNHW WHTCHCHBHOCTH AOPOKHOI'O0 ABUKCHUSI. HpI/I 9TOM H€O6XOJII/IMO
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cOOJI0/IeHne HOpPM O€30MacHOCTH Uil MPEAOTBPAIICHUST JOPOKHO-TPAHCIIOPTHBIX
NPOUCIIECTBUNA, a TaKKe yBelIuueHusi ypoBHs mnpectynHocTH. CornacHo [53] B
HOYHOE BpeMs JIOMYCKAEeTCs CHI)KATh YPOBEHb HAPYKHOTO OCBEIICHHUS TOPOJCKHX
YJIULL, ZOPOT U IUIOWIAAEH Py HOPMHUPYEMOii cpenHeil apkoctu 6onee 0,8 ku/m? wmm
CpeaHel ocBeleHHoCTH Oostee 15 nk:

° Ha 30 % npu yMEHBIIEHUWM HWHTEHCHUBHOCTH JBWXeHUS 10 1/3 ot
MaKCHUMaJIbHOHN BEIUYNHEI;

e Ha 50 % mUpW yMCHBIICHWH WHTEHCHBHOCTH IBIKEHUS a0 1/5 oOT
MaKCHUMaJILHOI BEJIMYUHEI.

Takke B HOYHOE BpeMs HE JIONMYCKACTCS YaCTUYHOE OTKIIIOYCHUE
CBETWJILHUKOB TPH OJHOPSAHOM WX PACIHOJOKEHHH W YCTAaHOBKE IO OJHOMY
CBCTWJIbHUKY Ha OIIOpe, a TaK)Ke Ha IMEIIeXOJHbIX MOCTHKaX, aBTOCTOSHKAaX,
MEMEXOAHBIX auIessX W J0poraxX, BHYTPEHHHX, CIy)KeOHO-XO3SHCTBEHHBIX W
MOKapHBIX MPOE3JIax, a TakKe Ha yJIMIaX M JOpOTraxX CEIbCKUX IoceiaeHui. J{ms
HAJIe)KHOH OpHEHTAIlUM BOAMTEICH W  TICIIEXOJOB CBETWJIBHUKHA  JIOJIKHBI
pacrionaratbCsi TakuM o0pa3om, 4ToObl 0OpazyeMasi MU JIMHUS SCHO U OJHO3HAYHO
yKa3bIBajla Ha HaIpaBJICHUE JOPOTH.

Kpome uuncneHHoro 3HaueHus: OCBEIIEHHOCTH HEOOXOIUMO OINpPEETUTh 30HY
OCBEIIEHHOCTH, KOTOpas JOJKHA OBbITh OOJIbIIE  PAcCTOSHUA 0€30macHOIo
TOPMOXEHHUSI YYaCTHUKOB JIOPOKHOTO [BIKeHus. B T1abn. 12 mnpencraBneHa
3aBUCUMOCTH IAHHOTO PACCTOSIHUS OT CKOPOCTH JBUKCHHUS.

Tabnuna 12 - Paccrosinue 6€30macHOr0 TOPMOKEHHSI

[loka3zarenp [IpoekTHast CKOPOCTh IBUKEHHUS, KM/4

40 60 80 100 120

Paccrosiaue oe3omacuoro| 25 55 100 155 220
TOPMOYKCHUS, M

[Ipu ycranoBke (oHapeil HEOOXOIWMO YUYUTHIBATh IIAr CBETUJILHUKOB -

pacCTodaHnC MCKAY CBCTUIIbBHUKAMH WJIM UX KOMIUICKCAMHU B OJJHOM psAAY IIO JIMHUU
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WX PACMOJIOKEHUST BAOJb yauilbl. OTHOIIEHWE Iara CBETUJILHHUKOB K BBICOTE HX
MojBeca Ha yJIMIIaX W JIOpOrax BCEX KaTeropui NOHKHO ObITh He Oosiee 5:1 mpu
OJTHOCTOPOHHEM, OCEBOM WJIH MPSMOYTOJIHHOM pa3MEIIEHUN CBETHJIBHUKOB M HE
Oonee 7:1 mpu maxMaTHOM cxeme pasMemnieHus [52].

Takum o00pa3oM, OBITH PaCCMOTPEHBI KIIIOUEBHIE IMPaBOBBIE OCOOCHHOCTU
IPOSKTUPOBAHUS CHUCTEM OCBelIeHUsA. JlaHHbie TpeOOBaHWS BKJIIOYEHBI B
JI0Ka3aTeNbHYIO 0a3y TEXHUYECKOTO PEryiaMeHTa, M, COOTBETCTBEHHO, 0053aTeIbHbI K
ucnonHeHnio. CoOJIOACHHE PETJIaMeHTUPYIOMIUX TPaBWI, YCTAaHOBJICHHBIX B
W3YYCHHOW JTOKYMEHTAIIMHM TIO3BOJIUT YIOBJICTBOPUTH HEOOXOAMMBIM TPEeOOBAHUSIM
0€30MacHOCTH, YTO SIBJISETCS BAXKHOW OCOOCHHOCTBHIO MHTEIICKTYATbHOW CHCTEMBI

OCBCIIICHMS.

4.3 Aaroputm padoThbl HHTE/LUIEKTYAJbHOI CHCTEMBbI OCBeIleHUs

Kpome paccMOTpeHHBIX acIeKTOB, 3aTPardBarOIIMX OTPAaHHUYCHUS B OOJIACTH
mpaBa, IPOCKTUpPyeMas HWHTEUICKTyajdbHas CHCTEMa OCBCIICHUS o0Jaaaer
CJICTYIOIIUMHU TEXHUYCCKUMHU XapaKTEPUCTUKAMH, PACCMOTPEHHBIMH paHee:

—  CHCTEM SIBJISICTCS JACICHTPAIN30BaAHHOM;

—  CETEBOM MPOTOKOJI, UCIIOIb3YEeMBIN B cUCTEME, - |PVO;

—  KaXIbplid y3€Jd CaMOHACTPaMBaeTCs B COOTBETCTBHHM C BHEIITHUMH
YCIIOBUSIMU;

—  cHcTeMa Io3BOoJIseT Mcnoib3oBath kak PLC, tak u Wi-Fi, ZigBee.

C y4eTOM pacCMOTPEHHBIX OrPAHHYCHHI MOCTPOUM (PYHKIIMOHAIBHYIO CXEMY

JUTSL MHTEJUICKTYyalIbHOM cHCcTeMbl ocBerieHus (puc. 18).
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Y3en (X,Y)

[NporpammHbIiA ypoBEHD

CHpMNT «KoHbUrypauma IPves
CHpWNT «onpegeneHWe HanpasieHWA ABMHKEHMAR
CrpunT «onpegeneHue obbeKTa ABUHEHMAR

CKpMnT «onpeneneHWe 30Hbl OCBELLEHWAR H
CKpMNT € KOHTPO/b 30HbI OCBELLE HUAR
CKpUNT «ONPeaene HME HEMCNPABHOCTERY
CKpMNT €« MOHMTOPKWHT TemnepaTypel naatsel LED»
AnnapaTHbl 4 ypOBEHD Vaen
Cucrema | [paiisep (X-1,Y-1)
MOHWTOPMHIA | LED LED
TEMMEpPaTYPhI v ‘
e Mukpo- LLinios KaHan ceasm

KOMMbIOTED nepeaaum | ‘ .
ONPEAENEHUA  |ieb Beaglebone A dopmall bl Ven (X,Y-1) bl ..

HEMCNPAaBHOCTEH bBecnposoaHele:
Black
~ o Wi-Fi, ZigBee
/ N MposoaHele: PLC
Cuctema Cucrema
MSMEPHTEHI: ETERTHMPOE KOM WHEa
MOLLHOCTH A P MyH Ysen
dHWA LLHMH {x+1 Y—l}
Pucynox 18 - ®OyHKIMOHAIBHAS CXeMa WHTCIUICKTYATbHOW CHCTEMBI
OCBEILLECHUSA

PaCCMOTpI/IM AJIT'OPUTM pa6OTBI JJI1 HHTCHHCKTY&HBHOﬁ CHCTCMBI OCBCIICHHUA

(puc. 19).
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Pucynoxk 19 — O61muii anroput™ paboThl UHTEIUIEKTYaJIbHON CUCTEMBI

OCBCIICHUA
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Anroput™M paboThl HWHTEUIEKTYaJIbHOM CHCTEMBI OCBEIIEHUS COTJIACHO
puc. 19 cremyromimii:

1. Ilpoucxogut  UHUIUAIM3ALMS ~ CUCTEMBI,  3allyCK  CKPUIITOB
IIEPBOHAYAJILHOM HACTPOMKHU CUCTEMBI.

2. BbinmonmHseTcss CKpUNT aBTOKOH(QUIypallMd Y3JI0B CHCTEMBI s
Ha3HAYEHMs apECOB KaXKIOMY Y3y CHUCTEMBI, CO3JAETCsl CIIMCOK COCETHUX Y3JIOB
JUTSL KaXKA0T0 y371a.

3. Janee B mpouecce pabOThl CHUCTEMBI OJHOBPEMEHHO BBITOJIHAIOTCS
CKPHUIITHl YINPABJIEHUS OCBEILEHUEM, OIPENENICHUs HEHCIPABHOCTEW B CUCTEME U
MOHUTOpHUHIa Temneparypsl miatsl LED.

3.1. [IpoucxoauT NOCTOSIHHBIN OIIPOC COCTOSTHUS JATYUKOB.

3.1.1. Ha ocHOBaHMM [aHHBIX C JATYMKOB BBIMOJHIETCS ONpPENEICHUE
O0BbEKTa JABMXKEHUS - JBHKCHHMS aBTOMOOWJIS, MOTOLMKIA M BEJIOCUIIEAA,
OTHOCSIIIUXCS K Karteropuu TpaHcnoptHeix cpenactB (C), wmu memexoxa (P), mms
KOTOPBIX 3aT€M BBINOJHAIOTCS MOCIEAYIOIMEe KOMaHAbl. B MNpoTUBHOM ciiydae
BO3MOXKHO JIO)KHO€ CpabaTbhlBaHHWE JAaTYUKOB U3-3a IOMEX — TOrjJa CHUCTeMa
UTHOpUpPYET Takoe coObiTHe. C MOMOIIbIO TaTYUKOB OMPENETAI0TCS HanpaBlieHue (C
noMouipio yrina (A) OTHOCHUTEIBHO KOOPAMHAT Pa3MEUICHUS NaTYUKa) U CKOPOCTh
nswkeHus (V).

Bosmoskublie coObrTus (E) mpu onpenenenn 00beKTa ABUKEHUS:

- TOPUCYTCTBHE JIOJEH W/MIM TPAHCHOPTHBIX CPEACTB, UYTO U ObLIO
OOHapyKEHO;

- TMPUCYTCTBUE JIIOJE€W W/WIM TPAHCIOPTHBIX CPEICTB, YTO HE OBLIO
O0OHapy>KEHO;

- OTCYTCTBHME JIIOJIEH W/WIM TPAHCIOPTHBIX CPEACTB, UYTO M OBLIO
oOHapy>KEHO;

- OTCYTCTBUE JIIO€H W/WIM TPAHCHOPTHBIX CPEACTB, YTO HE ObLIO

0OHapyX eHO.
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Btopoii u dYeTrBepThIl CLIEHApUH JOJDKHBI OBITh HIAECHTU(QUIIUPOBAHBI
CUCTEMOM B KadyecTBE OIIMOKM W HE JOJDKHBI BlIedb 3a COOOM HeaJeKBaTHBIX
JEUCTBUN CO CTOPOHBI CUCTEMBI, T.€. JIOJDKHA MPOUCXOAUTH 00paboTKa OIIMOOK.

3.1.2. BhINoNHIETCS CKPUNT MO OMNPEEICHUIO 30HbI OCBEIIEHHOCTH Ha
OCHOBAHMH TOJTYYEHHBIX JJAHHBIX U BBITIOJIHSIETCS KOHTPOJIb YPOBHS ocBelleHus. [Ipu
yIaJleHUd OOBEKTa U3 30Hbl OCBEUICHHOCTH MPOUCXOJUT CHH)KEHHE YpPOBHS
OCBEILIEHHOCTH JI0 TOTO, YTO ObUIO B COCTOSTHUU MTOKOSI.

3.2. BpInosHsAETCS CKPUIT OINpeAesieHus HeucrpaBHOCTe. JlaHHBINA BOmpoc
oApOOHO OBLIT PACCMOTPEH B paszeie 2.2 JaHHOUW THUCcepTaIuy.

3.3. Brimonusercs  MoHUTOpWUHT — Temmeparypbl mnatel LED s
IpeIOTBPALCHHS IEpErpeBa, KOTOPBI MOXKET MPUBECTH K HEUCIIPABHOCTHU (OHAps U
€ro IIaThl.

4. B cimyyae KOMaH/Abl BBIKJIIIOUEHUS CUCTEMbI, MPOUCXOJUT OE30IMacHOe
BBIKJIFOUEHNE NHTEJUIEKTYaJIbHON CUCTEMBI OCBEILCHUS.

Jlanee ObLT MOJIPOOHEE PACCMOTPEH AQITOPUTMBI Pa0OTHI JUIsl CKPHUIITA
“OrnpeneneHue U KOHTPOJb 30HBI ocBeleHus: . OnpeaeneHue 30Hbl OCBEIICHHOCTH
JOJDKHO TMPOUCXOAUTH COTJIACHO TpeOOBaHUSIM 0€30MaCHOCTH, KOTOpPHIE, B CBOIO
ouepelb, 3aBUCUMBI OT 30HBl BHJIMMOCTH, HEOOXOAMMOM TpU JBUXKEHUH C
COOTBETCTBYIOILIEH CKOPOCTBIO, UTO OMHUCHIBAETCS MOJMHOMHUHAIIBHON 3aBUCUMOCTBIO
BTOporo nopsjaka (puc. 20) [54]:

s =10,5v2 — 23,8 + 107,14.
IIpu 3TOM 30Ha OCBEILIEHUS BIEPEIU JOKHA ObITh paBHA WM OOJIbLIE 30HBI

BUAMMOCTH.

500
400
300
200
100

y =10,476x2 - 23,81x + 107,14

PACCTOAHUE
BE3OMNACHOIO
TOPOMMXEHUA, M

o

8,3 11,1 13,9 16,7 22,2 27,8 33,3
CKOPOCTb ABMXKEHWA, M/C
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Pucynox 20 — 3aBUCHMMOCTH pacCTOSHHSI O€30MaCHOTO TOPMOKEHHS OT
CKOPOCTHU JABUKEHUS

Cornacuo [53] BO3MOXXHO TTOHU3UTH YPOBHH ocBenieHHOCTH Ha 30 % u 50 %
IpU YMEHBIICHHH WHTEHCUBHOCTH JABIXKEHHUsA 10 1/3 u nmo 1/5 oT makcumanmbHOM
BEJMYMHBI, COOTBETCTBEHHO.

NHTeHCUBHOCTh B HalleM CJlIy4yaeé B OCHOBHOM majxaer no 1/5 or
MaKCUMaJIbHOW BEJIMYMHBI, CIEA0BATEIbHO, IPUMEHUM B aJITOPUTME CHH)KEeHHE Ha 50
% OCBEIIEHHOCTH.

CornmacHo [55] Owuia ompejeiieHa ycCpeaHEHHas 3aBHCHMOCTh CBETOBOTO
NOTOKa OT HAaNpsOKEHHWS W MOIIHOCTH, BbhIpabaThiBaeMoi Ha namme (tabm. 13).
PaccMoTpeHre 3Ha4Ye€HHMII CBETOBOTO IIOTOKA YMECTHO, TaK KaK CBSI3b MEXAY
OCBEIICHHOCTHIO U CBETOBBIM IMOTOKOM MPSAMO MPOMOPIIMOHAIIBHO.

Ta6muma 13 - CBs3b 3HAUCHHUI CBETOBOI'O IMOTOKA M HANIPsKEHUS (poHapeit

1/5 |2/5 |3/5 4/5 Makc. YpoBeHb
Hanpsxenne, B 140 | 160 180 200 220
MomHocTs, BT 199 | 244 293 345 400
CsetoBoM OTOK, 1M | 4774 | 7498 | 11165 | 15941 22000
25000
5 50000 y = 555,64x2 + 955,64 + 3296,6
E 15000
’S 10000
o
& 5000
0
140 160 180 200 220
HanpsaxeHwne, B
Pucynok 21 — 3aBUCUMOCTb CBETOBOI'O TIOTOKa OT HaIpsSKEHUs

CBETOAMOTHOTO (hOoHAPSI

3aBUCUMOCTh CBETOBOTO IIOTOKA OT HAlpPsOKEHUs] B COOTBETCTBUU C
ypaBHEHUEM JIMHUH TpeHa (puc. 21) MokeT ObITh MpeCTaBIeHA KaK:

® = 555,64V2 + 955,64V + 3296,6
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[Ipu MpoX0KJI€HUH YETOBEKA ONPEAEINM 3HaYE€HUE OCBEIEHHOCTH Kak 40 %
OT MaKCHUMAaJIbHOTO 3HaueHHs. OCBEIIEHHOCTh B TEMHOE BPEeMs CYyTOK U B COCTOSIHUU
nokoss mamaer g0 10 % OT MakcUManbHOrO 3HaueHUs. BxmoueHue
UHTEIJICKTYallbHOM  CHCTEMbI ~ OCBELIEHHUS  IEIeCOO00pasHO TMpU  CHUXKCHUU
€CTeCTBEHHOTO ocBemeHust 10 20 JK, a OTKJIIOYEHHE — IMpPHU €ro MOBBIIMICHUH 0
10 nx [52].

Taxum 06pazom, onpeaenuM CleHapuu, ONPEIEIISIONINE PAa3TUIHbI YPOBEHb
ocBenieHHOCTH (Tab. 14)

Tabmuua 14 — CueHapuu pa3iaMYHbIX YPOBHEN OCBEILIEHHOCTH

Cuenapuit | CoObitne: C* | UnteHcuBHOCTh | EcTecTBeHHass | OCBEIIEHHOCTD
Ne i P** () OCBEIICHHOCTS, | (E)
JIK
1 C <1/5 <20 0,5-E
2 C 1/5<1<1/3 <20 0,7°E
3 C 1/3< <20 E
4 P - <20 0,4-E
5 - - <20 0,1'E
6 Cumm P JIro6as, HO Ha |<20 E
MIEPEKPECTKE

Tr** C u P mpu|Jlobas <20 E wm 0,7E

MEPECEUCHUU unu 0,5-E

30H

OCBEILEHHOCTH

* TpaHCIIOPTHOE CPEJICTBO
** [lemexon

***  Ecaum MNpoOUCXOIWT JBWIKCHHE TI€IIeXOoJla B 30HE OCBEIICHHS,
OTPENICICHHOTO JIJI1 TPAHCIOPTHOTO CPEACTBA, TO BBIMOJHICTCA CIHEHAPUN JIs

TPAHCIIOPTHOTO CPEACTBA
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Ha ocHoBe PACCMOTPCHHBIX BXOAHBIX J/JdHHBIX W CHOCHAPUCB IIOCTPOUM

aJITOPUTM JUIs cKpunTa «OrnpeaesieHue ¥ KOHTPOJIb 30HBI OCBEIICHUS» (pHc. 22).

' Haua.no I

e
L g
y

4

CooblweHKe oT
cocegHero yanar

na
Y

BoIinoHUTE
TaimayT t=10

<l
<
Y
CUMTBIBAHHME AAHHBIX: A,
v, KaTeropWa ofberTa
OBMMEeHHA (C WM P),
BHELIHEE OCBELEHWE

MoACHEeHKWE: A — yroN OTHOCUTENBHO KOOPLMHAT
PACMONMMEHHWA OATUMKA, V — CKOPOCTD JBHMEHMA,
m/t, C — TpaHCnopTHOE cpeacTso, P - newexon

Y
Onpegenenne
ron-so GoHapen MoOACHEHKWE: 5 — 30Ha OCBELUEHMA, M, p —
L/1A BRKOUEHMA MAOTHOCTb pacnonoeH1a doHapei, ea/m
k=[pS}+1

v

Onpenenenne

HeobxogMmoro

CLeHapHa, ero
Janyck

Y
OnoeeweHMe
COCENHMX Y308 O
CUEHapHK
BbINO/IHEHMA

Pucynoxk 22 — Anroputm paboThI CKpUNTa

JIaHHBIN aNTOPUTM BBIIOJIHSAETCS Il OHOTO Y3JIa, B KOTOPOM BBITIOJIHSIETCS
uaeHTUPUKAIS 00bEKTa JBHKEHUS, TPOUCXOIUT OMPEACICHUE 30HbI OCBELIECHUS U
OCYIIECTBIISIETCSI KOHTPOJIb YPOBHS OCBEIIEHUS. 3aTeM coobIeHue ¢ napopmarmei o
HEOOXOJMMOM YPOBHE OCBEIICHHS TIEPENaeTCs Ha BCE y3Jbl B 30HE OCBEIICHMUS,
KOTOpasi ONPEAENseTCs UEIbIM YUCIOM OT TPOU3BEIACHUS PACCTOSAHUS 30HBI
OCBEIIEHHOCTH Ha IUIOTHOCTHh Pa3MEIIECHUS Y3JI0B IUIIOC OAWH y3el. Ha cocemnux
y3Jax B Ciy4yae MpUeMa COOOUIEHUS aBTOMATHYECKU 3alyCKaeTCs HEOOXOIUMBIM

cueHapuid. IIpy 3TOM BaXXHO BBINIOJHEHHWE OJHOTO CILIEHApUS IS COOJIOJICHUS
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OHOPOJHOCTH OCBEUIEHHs BO BCEW 30HE. B ciyuae m3MeHeHus Kypca JBUKEHUS,
CKOPOCTH WJIM HaIlpaBJICHUs 00bEKTa, HHPOPMAIUS CUUTHIBACTCS HA JPYTUX y3/ax U
OTIIPABIISIETCA HA Y3JIbl CHOBA, B CJIEJCTBUE YErO IPOUCXOAUT OOHOBJIEHHUE CLIEHAPHSL.

OnpeneneHre 30HbBI OCBEUIEHUS 3aBUCUT KaK OT MapaMeTpOB, CUMTHIBAEMBIX
JaTYNKAMM, TaK U CTPYKTYpPbl CHUCTEMBI OCBEILLEHUS, PACIHOJOKeHUs (oHaped Ha

JAOPOKHOM IIPOCTPAHCTBC. OAHOCTOPOHHCC, ABYXpAAHAA B IMAXMATHOM IIOPAAKC,

JNBYXpsiiHAs TPSIMOYTOJIbHAsA, OCEBasg, MABYXpAAHAsA MNPSIMOYIOJibHasg IO OCSAM

ABWJKCHUA, ABYXPAAHAA IIPAMOYI'OJIbHAA IIO OCHU YJIMIIBI. HCCHGIIOB&HI/IC BJINSHUA

KOKIOM apXUTEKTyphl Ha padOTy WHTEIUICKTYaIbHOW CHCTEMBl OCBCIICHUS

TUTAHUPYETCS B JATbHEHIIIEM.
PaccMOTpeHHBIN aNrOpUTM MOMKET MPUMEHSATbCS Ha yinunax CaBUHBIX U
CoBerckoii (or HaxmmoBa mo mp. Kuposa) (puc. 23). DT0 BO3MOXKHO, TaK Kak

CO6J]IOIIaIOTC}I Ha4YaJIbHBIC YCJIOBHUS 110 HHTCHCUBHOCTH ABUXKCHUS, KATCTOPHUU OOPOT.

L

CKag—-

eHUHA| ALYaLoody
+

YcoBa—

€]
o
@
[
=5
[e}
=
W
0
|

“[wporoea

“HENDLIEOD) |

edoudey—
;
eHUHa| [Axausodu
]

——egauAy—
=

YuebHan YueGHan YuebHas

| Caamelxl

|Ca5mnbx J ’ | CaBuHbIX

(o]
)
i
o I
o o
o 9
Id <) =
o ] ]
S - -
——BENDLBE00 — - —
< = [ 8 I3
w 2 )

aoude)r —

EeHWHa|[rLaLo0du

eagUAy

19800 i

20\ &

Pucynok 23 — IlpeioKeHHbIM y4acTOK JAOPOKHOM CEeTH JJIsi TPUMEHEHUS

VHTEJJIEKTYaJIbHOM CHCTEMBI OCBEILICHUSA
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5 TexHUKO0-3KOHOMHYECKOe 000CHOBAHNE BHEAPEHUS HHTE/UIEKTYAJIbHOMI

CUCTEMBI OCBCIIICHUS B TOpoOJaE Tomcke

BriOpanHas koHurypanuss HWHTEIIEKTYaTbHOM CHCTEMBI  OCBEICHUS,
npejcraBicHHas B [naBe 5, sBisiercs HamOoJyiee ONTUMAlbHOW coryacHo [56] wu
NpeBapUTEIILHBIM ~HMCCIICIOBAHUSAM, NPOBEACHHBIM B TmpoekTe SmartLighting
[46][47][49]. Tak, ecnu cpaBHHBaTh BBIOPAHHYIO WHTEIUICKTYAJIBHYIO CHCTEMY
OCBEIIIEHUS C TUMMHYHOW CHCTEMOM OCBEIEHUS Ha OCHOBE Ta30pa3psAHBIX JIAMII, TO
HSKOHOMHUS MOKET COCTaBiATh 10 77,93 %. PaccMoTpuM Hambornee omTuUManbHOE
00OopyI0OBaHUE 7Sl JTAHHON KOHPHUTYpaLIUH.

Pacuer cucrembl  NpPOU3BOAUTCA C  Y4eTOM  MepeoOOpyaoBaHUS
CYIIECTBYIOIIUX (POHAPHBIX CTOJIOOB, TAKUM O00OpPa30M HUX KOJIMYECTBO OCTAETCS TEM
e M cocTaBiisieT 46 eMHUI], YCTAHOBJICHHBIX Ha PACCMATPUBAEMBIX y4acTKaX YIIHII
CaBunbix 1 CoBeTCKasl.

B kauecTBe [aTYMKOB, TPUMEHSEMBIX B CHCTEME, OBUIM BBIOpPAHBI
KOMOMHUPOBaHHBIN aartyuk aprwkeHuss Cokon-3 [57], matunk ocsemienHoctd PDV-
P8001 [58]. B kauecTtBe cHmcTeMbl KOMMYHHKAIIMH, MPEAJIAracTcsl WCIOIB30BaTh
monynun XBee ZigBee RF, paGorarommx Ha ocHoBe craHmapra WIMAX.,
Ynpasastomuii MOyJIb BRIOMpaeTCs U3 aJlbTEPHATHB coriiacHo Tadu. 15 [39].

Tabnuua 15 — AnbTepHaTrBBI BEIOOPA YIPABISIOIIETO MOTYJIS

RaspBerry Pi Arduino Beaglebone

Ilena, $ 25 35 50

Omep. cuctema Linux [TpousBoauTens Linux

[Hopxomut nms [IpoekToB ¢ | IIpoexroB ¢ | [IpoekrtoB c
YKJIOHOM B | YKJIOHOM B | YKJIIOHOM B
IPOrPaMMHYFO anmapaTHyo IPOrPaMMHYFO
00J1acTh 00J1aCcTh 00J1aCcTh

KoJ1-Bo BBIBOJIOB 8 mnpoBBIX 14 1udpoBeix, 6 | 65 nudPpoBHIX

aHAJIOTOBBIX

OnTuManbHBIM pPCICHUEM II0 COOTHOIICHHWIO ICHBI H HGO6XOI[I/IMOFO

GbyHKI[MOHAJA SBJIIETCS UCIob30Banue Raspberry Pi.
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B kadecTBe HCTOYHHMKA OCBELIEHUS OBUIM BBIOPAHBI CBETOAMOIHbBIE
CBETWJIBHUKM  yiau4HOro  ocsemieamss  SLED-Street-7-40-1111-5 [59] wm
cootBeTcTBytomue apasiiBepa 104V300MA. bosnee Toro, He0OX0AUMBI 3aTpaThl Ha
YCTaHOBKY M 00CIIy>KMBaHHE, KOTOpPBIE COCTaBIIAIOT 1237 py6. 3a poHapHBIN CTONO.

Takum  oOpa3oM, HeoOXoammoe OOOpyIOBaHHE [UIsI  peaU3alid
WHTEIJICKTYalTbHOM CHCTEMBI OCBEIIICHUS MOKET OBITh TPEICTaBIICHO B Ta0I. 16.

Tabnuma 16 — CmeTa pacxof0B Ha yCTaHOBKY

HaumeHnoBanme KommuectBo | Ilena Cymma, pyo.
KoMOuHupOBaHHBIH 46 1505 py®6. 69 230
natyuk aBrokeHust Cokomn-3
JlaTuuk ocseeHnocty | 10 0,95 $ = 63 py0. 630
PDV-P8001
Monayne XBee ZigBee RF | 46 28,9 $=1909 py6. | 87 814
RaspBerry Pi 46 25 $ = 1651 pyo. 75 946
CBeToanoIHbIN 46 6000 py0. 276 000
ceetwibHuK SLED-Street-
7-40-1111-5
HpaiiBep s cBeTHIbHUKA | 46 635 pyo. 29 210
104V300MA
YcTraHoBKa u | 46 1237 py6. 56 902
00CITy)KUBaHUE

595 732

Takum oOpaszom, 3aTparthl Ha 00OpYyIOBaHUE, YCTAHOBKY M OOCTYKMBaHHE
cocTaBJsitOT 595 732 pyo.

Jlanee paccuruTaeM roJIOBYr0 3KOHOMUIO 3JIEKTPOIHEPTUU:

I = (PAPJI - PCBA) "n- Ny K,

rae Oy - SKOHOMUS DJIEKTPOIHEPTMU B HATypaJlbHOM SKBUBAJICHTE 3a IO/,
KBT4,

Ppn - YCTaHOBIJIEHHAs! MOIIIHOCTH MCIIOJIB3YEMOM B HACTOALIEE BPEMsI PTYTHOM
JIaMITbl BBICOKOTO J1aByieHUs, BT,

Pesy - yCTaHOBIIEHHASI MOIITHOCTH CBETOJIMOIHOM JIamIlbl, BT,

N - KOJIMYCCTBO JIaMll,
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Ny — cpemHsis mpOIODKATEILHOCTh Y4acOB PAOOThI CBETHJIBHHKOB B TOIY,
OTpeeNsieTCs] KaK MPOW3BEICHNE KOJIMYecTBa THEW paboThl jJamMm B TOAy Ha
KOJIMYECTBO YacoB paboOTHI B JIeHb (365 mHEH * 7 4acoB B JieHb);

K. - ko3¢ dunmenT ucmnonp3oBaHus (Ha JaHHBIH MOMEHT TOJBKO OCTYITHA
DKCIIEpTHAsI OIlCHKAa Ha OCHOBE pa3paO0TAHHOTO aJTOPUTM, TMPEICTAaBICHHOTO B
rmaBe 5). K. = 0,2 + 0,8:0,5 = 0,6 — pacnpenencune 20 % aus OCBEIICHHUS
MIEPEKPECTKOB, T/I€ HE MMPOUCXOAUT YMEHBIIICHHs YPOBHU OocBereHHocTH, U 80 % mis
OCBCIICHHMS YJIHII, TJI¢ B CPSIHEM YPOBEHB OCBEIIICHHOCTH COCTABJISACT IMOJOBUHY OT
MaKCHUMAaJIbHOTO 3HAYEHHSI.

[Tomy4gaem TOOBYIO KOHOMHMIO DJICKTPOIHEPT UM

3, =0,25-46-2555—-0,04-46-2555-0,6 = 26561,78 kBT - u.
Torna rogoBasi 3KOHOMHUSI B ICHE)KHOM BEIPKCHUH PaBHA!
3,qe1-1 = 31—1 " Ts,
rae T, — tapud Ha a5mexTpos’nHepruio (pyo.).
IToncraBiisis akTyaabHbIC 3HAYCHHUS Tapuda Ha SJIEKTPOIHEPTHIO, ITOTydaeM:
Jpen = 26561,78 KBT - u * 4,30 py6./kBT - 4 = 114215,65 pyo6.
Ha ocHOBe MoTydeHHBIX 3HAYEHUH 3aTpaT W IKOHOMHHM MOXEM pacCUUTaTh

NPOCTOM CPOK OKyMmaeMoCTH (KOJIMUECTBO EPHUOIOB):

PP = !
=5

rae | — uHBecTUIMY (KanmuTadbHbIC 3aTPAThl) B MPOEKT,

Et— >KOHOMUSI B IEpHUOJI BpeMEHH (Ha Jtare t).

Takum o0Opa3oMm, HaxOIUM CPOK OKYHaeMOCTH BHEAPEHUs pa3paboTKu MpH

TEKYIIUX YPOBHSIX CTOMMOCTH MHOCTPAHHOM BAJIOTHI 110 OTHOIICHUIO K POCCUICKOMY
pyouo (Ha 30.05.2016):

P 595 732 py6.
114 215,65 py6.

= 5,2roga
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3akJIroueHue

B xo/e BBINOIIHEHUS BHITYCKHON KBaTHM(PHUKAIIMOHHON pabOThl ObLI IPOBEICH
aHAIMTUYECKUI 0030p TEXHUYECKUX PEIICHUN B 00JIACTH MHTEJIEKTYaIbHBIX CUCTEM
OCBEUICHHUS, KOHIICTIIUM YMHOTO ropoja. PaccMOTpeHbl BO3MOKHBIE albTEPHATHBBI
Ui CTPYKTYPHBIX YacTeHl WHTEIUICKTYaIbHOM CHUCTEMbl OCBEIIEHUS, BbIOpaHa
KOH(UTypalus, COOTBETCTBYIOLIas MaKCHUMaJbHOW pecypcodPGeKTUBHOCTH NpHU
CO3JIaHHMH U IKCILTyaTallid CUCTEMBI.

[IpoBeneH CpaBHUTENIBHBIA aHAJIN3 BO3MOXHBIX JJIEMEHTOB CHCTEMBI
JETEKTUPOBAHUS, HCIONB3yeMONH B HWHTEIICKTYyalbHOW CHCTEME OCBEICHUS MJis
NOJlyYeHUsT HEOOXOAMMOW  aJaNTHBHOCTHM  CHUCTEMBl B  3aBUCUMOCTH  OT
U3MCHSAIOIIMXCS BHEIIHUX YCIOBHUM — HAIW4Ms JOPOKHOTO JBHXKCHHUS U
€CTECTBEHHON OCBEIEHHOCTU. Vcronb3ys THUNMYHBIE JATYUKU JBUKCHUS U
IPUCYTCTBUS Pa3IMYHBIX TUIIOB, ObUIA pa3paboTaHa SKCIIEPUMEHTANIbHAS YCTAHOBKA,
C TOMOIIBI0O KOTOPOW MPOBEIEHBI SKCIIEPUMEHTAIbHBIC HCCIIECOBAHUS CKOPOCTH
peakuuMu JaTYMKOB Ha [JBIKEHHE B 30HE KOHTPOJIA, B XOJA€ KOTOPOH ObUIM
OTMpe/eNieHbl ONTHMAJbHBIC MAaTYMKK JJS JETEKTUPOBAHWS JIBIDKEHUS B 30HE
KOHTPOJISL.

Ha ocHoBe aHanuTHyeckoro 0630pa BO3MOXKHBIX TEXHOJOTUH KOMMYHUKAIUH
ObUTH BBIOpAHBI ONTHMMAJbHBIC BAapUAHTHI JUIS HCIOIB30BAaHHS B MPOCKTUPYEMOM
CUCTEME OCBEILEHUS, a TakXK€ pacCMOTPEHbl BapHAHTbl HX COBMELICHHS C
pa3pabOTaHHBIMU PEUICHUSIMH TI0 aBTOKOH(UTYPUPOBAHUIO U  OMNPEICICHHUIO
COCE/IHUX Y3JIOB B paMKax rpoekra SmartLighting.

bein mpoBenern 0030p mpaBoBOM HMHPOPMANUU TIO TPOSKTHUPOBAHUIO U
pa3paboTke cHCTEeM YJIMYHOTO OCBEIIeHHs B Poccum, W, MCHONB3yS PEe3yNbTaThl
UCCIIEIOBAaHUM TI0 HMHTEHCUBHOCTH JOPOKHOTO JBHXKEHHs, ObLI1 pa3paboTaH
aJITCOPUTM OIPEICTICHUS U KOHTPOJIS 30HBI OCBEIICHHUS.

[TpoBeneHo TEXHUKO-PKOHOMHUYECKOE 000CHOBaHNE BHEPCHUS
MHTEJJICKTYyaJlbHOM CHCTEMBI OCBEIIeHHs B ropojae TomMcke Ha MpUMepe YIHUIL

CaBunpix u CoBeTckasg, 4YTO MOXKET OBITh HCIIOJB30BAaHO B JajIbHEHIIIEH
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UMITJIEMEHTAIIMY MPOEKTa 10 pa3pabO0TKe MHTEIUIEKTYyaJIbHON CHCTEMBI OCBEIIICHHUSI B
Tomcke.

B BKP 6b11 nipoBesieH aHaiM3 SKOHOMHYECKOH 3(PheKTUBHOCTU pa3pabOTKu
WHTEJUICKTYaJIbHOM CHCTEMBI OCBEIICHMS, pa3paboTaH 1maH padoT 11t 3P heKTHBHOMI
peanu3aluyd MPOeKTa, a Takke ompenereHa cymMma mnpoekra. Kpome Toro, ObLi
pa3paboTaH KOMIUIEKC Mep MO 00eCIeYeHHI0 0€30MaCHOCTH, KaK B X0/ pa3pabOTKH,
TaK U B XOJI€ SKCIUTyaTalluu pa3padaTbiBa€MOil CUCTEMBI.

Takum 00pa3om, MOJy4YEHHBIE peE3yibTaThl JOMOJHSIOT pa3padOTaHHbIE
AJIEMEHTHI UHTEIJICKTYyaJTbHOM CUCTEMBbI OCBELICHUSI HAYYHBIM KOJUICKTUBOM Ha 0ase
kageaper OMIIK TIIY u maGoparopun FILA VYHuBepcurera NpuKIagHBIX HAyK
AnxanbTa B paMkax mpoekta SmartLighting u mo3BoJiss0oT HCIONIB30BaTh MX IPH
BHEJIPEHUH CUCTEMBI B JTI0OOM POCCUIICKOM TOpPO/IE.

CTOUT OTMETUTDH, YTO TOJYYCHHBIC PE3YJIbTAThl UCIOJIB3YIOTCS B YCIOBUAX
MPaBOBOM HEOMNPEJCICHHOCTH, TaK Kak B OQUIUAIBHBIX TOCYJAapPCTBEHHBIX
JTOKyMEHTaX Ha JaHHBIM MOMEHT He QUTYPUPYET TEPMHUH «HHTEIUICKTyaJIbHAS
CUCTEMa OCBEILIECHUSY.

PesynbTaThl mo Teme pa3pabOTKU OBLIM JOJOKEHBI Ha MEXKIYHapOIHBIX
KoH(epeHInax, Takux Kak MexayHapo/iHas HAyYHO-TEXHUYECKas KOH(EpEHIIHs
"Usmepenune, koHTposb, uHpopMmatuzammsa", Xl MexnayHnaponnas —1ikona-
KOH(EepeHIMs CTYJEHTOB, aClIMPAaHTOB, MOJIOJbIX ydeHbIX «MHHOBaTHKa-2015», VI
HayuHo-nipakTudeckas KoH(epeHus C MEXTYHapPOIHBIM ydacTueM
«MHdopMallMOHHO-U3MEpUTENIbHAsT ~ TeXHUKa u  TexHosoruu  2015», VI
MexyHapoaHas CTyZeHUYeCKast AIEKTPOHHAS Hay4JHasI KOH(DepeHIrs
«Ctynenuecknii Hayunbii (popym» - 2015. Cnmcok omyOJMKOBaHHBIX CTaTel

npejacTaBiieH B pazzaene nanHo BKP «Crnncok myOnukaiuii CTyieHTay.
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1 Smart lighting system concept

Smart lighting system concept is a concept of effective power distribution
during process of illumination. This field is booming at the moment because of the
orientation of society to "green" technologies, as evidenced by the adoption of
important regulatory documents at national and international levels: in particular, the
Kyoto Protocol can be highlighted [9].

By now two generations of smart lighting systems can be distinguished. The
first generation is lighting systems based on LEDs. Replacing the classic light sources
to LED light sources can significantly increase the service life, prevent environmental
pollution during disposal [10]. LEDs also allow to adjust the light level that is
currently used in smart lighting systems of the second generation, where the
principles of adaptability and resource efficiency are realized.

The concept of smart street lighting is currently under serious work on the
standardization and further development. In particular, such a work is carried out in
the leading alliances and societies on smart lighting systems, the Internet of things -
IERC, StreetLight Vision, IEEE, OMG, Industrial Internet Consortium, etc. [11-15].

This study aims at development of smart lighting system for municipalities of
the city of Tomsk. In particular, purposeful streets for implementation of system were
chosen - Savinykh street and Sovietskaya street.

Current research is performed at Tomsk Polytechnic University and Anhalt
University of Applied Sciences and means the development and implementation of
technical solutions developed within SmartLighting project. Project SmartLighing,
conducted primarily on the basis of the FILA lab at Anhalt University of Applied
Sciences, aims to develop smart lighting systems for pedestrian areas in the city of

Koethen in Saxony-Anhalt land, Germany [16].
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1.1 Comparative analysis

Currently, the smart lighting solutions market is represented by a variety of
solutions. Several European cities have completely replaced the lighting system of
the city in favor of smart lighting systems. For instance, smart lighting system was
implemented in the city of Leipzig in Germany, Quebec in Canada and St. Petersburg
in Russia [10] [17].

For a detailed consideration of typical solutions, five smart lighting systems
were chosen, manufactured by the following companies: OSRAM, Amko Solara, Lux
Monitor, Citenergy, Echelon (Table 1) [18].

The LED lighting is realized in the considered lighting systems. Adaptive
control is implemented in all systems, but Citenergy system. Lux Monitor and
Echelon use wireless transmission of data with the means of mesh-networks and
IPVv6. In the case of wireless transmission 6LowPAN standard is used. In OSRAM,
Amko Solara and Citenergy systems power line communication technology (PLC) is
used - data transfer via the power line, which is based on the ISO 14908 standard
[19].

Control of the light sources is conducted by Digital addressable lighting
interface (DALI), which was designed as an interface between the logical and
physical control levels of LED lights. Direct supervision is provided by the
StreetLight Vision system of software control, which is a standardized solution that

can integrate smart lighting systems from multiple vendors [18].
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Table 1 - Comparative analysis of smart lighting systems

Features OSRAM | Amko Lux Citenergy Echelon
Solara Monitor

Communications | PLC PLC Wireless | PLC Wireless

technology 1SO14908 | ISO14908 | mesh IPv6 mesh
6LowPAN IPv6

IPv6 No No Yes No Yes

Data 5 kbf/s 5 kbl/s 10 Kb/s 15 kb/s <5 kb/s

transmission and

throughput

Support of | Yes Yes Yes No Yes

dynamic

working  mode

with motion

Sensors

Support of | Yes, SLV | Yes, SLV | Yes, SLV | No Yes

dynamic CMS CMS CMS

working  mode

with traffic

consideration

Interface of|1-10 V,|1-10V 1-10  V,|1-10 V,|1-10 V,

lighting source | DALI DALI DALI DALI

Failure Yes Yes Yes Yes Yes

notification

* SLV CMS - StreetLight Vision Central Management Software

Also, all systems are monitored in order to detect the faults, which allow to
respond to the faults as fast as possible.

For comparative analysis only foreign manufacturers were selected as no
smart lighting integrated solutions from Russia were found during analytical
overview. The only Russian company dealt with smart lighting integrated solutions
was Rosnano group, but final product has still not been shown [20]. The most
common solutions in Russia now are single lights with motion sensors or LED
lighting system without adaptive control. Nevertheless, for example, smart lighting

systems from Echelon were installed in St. Petersburg and Kazan [21].
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Thus, according to the analysis of developed smart lighting systems, the
following trends and key features of the development of such systems can be
identified:

- developed systems use LED lighting, which affects the energy efficiency of
the whole system. Currently, the main interface for control LED driver is DALLI;

- the most of the systems adapt to the external conditions - the presence of
motion in the control zone, traffic density, weather conditions. The maximum of
system autonomy is provided and encountered problems can be quickly traced and
corrected;

- communication in the smart lighting systems is based on the mesh-network
or PLC. At the moment, two technologies are intensively being developed and
unified, that allow to apply them at greater extent.

According to these trends, the design of smart lighting system is possible, that
allow to meet modern requirements and win in comparison with analogs

characteristics.

1.2 Requirements to designed smart lighting system

The designed smart lighting system must meet the following requirements:

1. The system is decentralized, that is, there is no central control unit.

2. The system can be easily integrated into the urban system.

3. The state of the system depends on external factors such as the intensity
of the traffic and weather conditions.

4.  Every lamp of the system works autonomously and is self-configurable.

5. The level of ambient light provided by the system must not exceed the
stipulated safety requirements.

Thus, a smart lighting system must be able to determine the movement of the
object in the control zone and to control the light level depending on moving object

and its motion characteristics - speed and direction of motion (Fig. 1).
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The work of the entire system
is autonomous, but its status
can be monitored by the

- — ;'.*5’-1 operator
The nodes form a network, | —_—yr- - -—-————

data from which transmit to
the data server

F

Communications and
control modules are
connected to the
detection system

Fig. 1 The implementation of smart lighting system concept

In addition, the monitoring of weather conditions and the adoption of relevant

decisions by the system when changing weather conditions should be provided.
1.3 The proposed technical solution
The proposed smart lighting system structure (Fig. 2) consists of nodes that

combine Beaglebone microcomputer or another System-on-Chip module, detection
and communication modules and LED flashlight.
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Beaglebone

Black
Detection system Communication system
LED driver
Luiiiiing 1 [5
\ Display the
information to an
operator
Data server e

Fig. 2 Block diagram of smart lighting system

Microcomputer Beaglebone is used as a central control unit of the node. Each
lamp corresponds to its own systems of communication and detection.
Communication system is used for communication between node elements, as well as
allows to send information to other nodes in the system. The detection system is
needed to determine the volume of traffic generated by automotive vehicles and

pedestrians, as well as changes in weather conditions.
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2 Detection system design

The main principle of smart lighting systems is based on the analysis of the
events taking place in the environment determined by some factors, and the
corresponding decisions in order to minimize energy consumption. Such factors
include road traffic and weather conditions. In order to detect such events, it is
necessary to create an effective detection system. Thus, this chapter includes a

preliminary study of various types of sensors for further use in smart lighting system.

2.1 Detection of road traffic

Analysis of traffic is based on the detection of vehicles’ and pedestrians’
movement with high accuracy. Then acquired data of a moving object or objects are
processed, transmitted over the communication channel, and, according to the data,
moving object is determined. Depending on the object, different action scenarios of
intelligent lighting systems can be implemented.

Data on the traffic, which are necessary for intelligent lighting systems are the
fact of movement itself, recorded by various sensors allowing to define a road user
(car or pedestrian), velocity of the road user, direction of the movement. Data coming
from the sensors have to be interpreted as accurately as possible.

Now we will consider the motion sensors, which can be used in intelligent

lighting systems, and make a preliminary study of possible solutions.

2.1.1 Comparative analysis of movement detection methods

In [22], the methods of motion detection, as well as presence, were considered
in detail. By the main physical principles, the following motion control methods can
be distinguished:

* acoustic (ultrasound);

* radio wave (microwave);
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« infrared (IR);

* combined.

Each of these types has its own advantages and disadvantages. Generally,
these disadvantages are associated with the failure of the sensor to detect a person in
certain conditions or, alternatively, its false respond.

Using a combination of methods for monitoring and detection can
significantly reduce the likelihood of incorrect performance of the sensor. An alarm
signal is generated only if simultaneously or within a short time interval both
detectors are activated. To increase the stability of the system, it should be
considered, that interferences causing false alarm signals, should differently affect
each detector. Table 2 shows the impact of external factors on the operation of
sensors of different types. The «+» sign means high sensitivity and «-» sign means
low sensitivity, consequently.

Table 2 - The sensitivity of the sensors to the external factors

Ambient factor Infrared Microwave Ultrasound
Auir turbulence + - -
Rain - + +
Changes in + - +
temperature

Bright light + - -
Electromagnetic + + -
interference

Fluorescent lighting - + _
Vibration + + +
Moving outside the - + -
control zone

Animals + + +

The table shows that the majority of ambient changes have different effects on
each detector and in most cases can not lead to the simultaneous activation of all
Sensors.

The most widely used combination at present is a combination of microwave

and infrared detection principles. Much less often, a combination of ultrasound and
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infrared detectors is used. There are also some examples of sensors which use three

different physical principle of detection, but such sensors are almost not used [23].
2.1.2 Experimental unit

The most widespread motion sensors used in smart lighting systems are radio-
wave, infrared, ultrasonic, and combined.

An experimental unit was assembled. It included a detection system of the
smart lighting system (Fig. 3). Its main components are BeagleBone Black
microcomputer, infrared sensor DP104, ultrasonic sensor SRF08, combined sensor

Sockol-3, power supply unit with outputs 5V, 12V.

Sockol

+12V

| | Alarm

/]
=
o
m
[«!]
—
o
L]
[}
[21]

DP104

...... +12V

GND
Alarm
SRF0O8
1.8k £ 1.8k

+5V

s

' 2 SDA
GND

Power supply

Fig. 3 Experimental mockup
Microcomputer BeagleBone Black. Microcomputer BeagleBone Black is

used as a control unit that performs a program of information readout from sensors.
BeagleBone Black specifications are presented in Table 3 [24][25].
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Table 3 — Specifications of BeagleBone Black

Processor 1 GHz AM335x

Memory 512 Mb DDR3 (faster 1.6 Gb/s and lower power)

Storage On-board 2 Gb eMMC (4 Gb eMMC on the Revision C
board) and micro-SD card slot

Video On-board HDMI

Debugging JTAG header present but not populated

Serial Connection | TTL header present but separate cable needed

Input/Output GPIO, analog outputs/inputs, 5 V, 3.3 V, 1.8 V power

Headers supply, timers, buses: 1°C, UART, CAN, SPI, GPMC,
MMC, LCD, McASP

Face view of the BeagleBone Black is shown in Fig. 4.

Fig. 4 Face view of the BeagleBone Black

In addition to control of the movement sensors in smart lighting system,
microcomputer is connected to a communication unit that performs communication
between smart lighting system nodes.

Infrared PIR Motion Sensor.

The used sensor is shown in Fig. 5. Specifications of used infrared sensor are

presented in Table 4.
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Fig. 3 Infrared sensor

Table 4 - Specifications of DP104

Power DC12V

Detection distance | 6-10 m

Output Max 100 W LED lamp
Time setting 5s~6min

Lux setting 2~2000 lux

Material ABS

IP Rating IP65

Ultrasonic sensor SRF08. SRFO08 ultrasonic sensor connects to BeagleBone
Black microcomputer with a serial data bus 12C.

At first stage of work microcomputer initializes address of the sensor
connected through the protocol 12C [24]. Scanning the monitored area with the sensor
requires a command that sends certain value to the command register SRF08. The
next step is reading out data from sensor registers. Data are received in hexadecimal

format and carry information about distance to the object in cm (Fig. 6).

Fig. 6 Distance data to the object (cell 0x02 - significant bit and 0x03 - the

least significant bit), 0x1616=22;0cm.
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Features of SRFO08 ultrasonic sensor are presented in Table 5.
Table 5 - Specifications of SRF08

Voltage 5V

Current 15 mA Typ. 3mA Standby
Frequency 40 KHz

Working range 3cm.6m

Max Analogue Gain | Variable to 1025 in 32 steps
Connection Standard 1°C Bus

The used sensor is shown in Fig. 7.

Fig. 7 Ultrasonic sensor

Combined sensor Sockol-3. When a person enters the detection area both
detection channels go off (in any consequence). At the same time an alert is produced
by switching off output relay contacts [27].

Sensor continually monitors interference signaling environment in protected
room: if interference level through one of channels exceeds tolerable, the sensor
automatically changes the detection algorithm. The sensor operates during 2 minutes
subordinate to the changed algorithm, in 2 minutes it returns to the basic detection
algorithm and the cycle begins to repeat. Transfer to another algorithm is indicated by
the green light. If the operating sensor receives an alert by the detection algorithm in
conditions of increased interference, immediately after its termination, the sensor
returns to the basic detection algorithm.

Specifications of Sockol-3 combined sensor are presented in Table 6.
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Table 6 - Specifications of Sockol-3

Types of sensors | Microwave, infrared
used

Voltage 10..15V

Current 30 mA

Working range 5...10 m

Working -30..+50 °C
temperature range

The used sensor is shown in Fig. 8.

Fig. 8 Sokol-3 sensor

2.1.3 Experimental results and analysis

The main aim of experimental investigations of motion sensors is to conduct a
comparative analysis of existed sensors, determination of optimal conditions for the
use in the smart lighting system on the basis of BeagleBone Black microcomputer.

The used experimental unit is shown in Fig. 9.

66



Fig. 9 Experimental unit used for detection system experimental

investigations

C++ based program was designed. It allows receiving information about
sensor actuation at a motion in the sensors' control area.

In the study of different sensors, the most typical devices from each category
were chosen. These sensors were used in the experimental unit. For motion sensors of
different categories, a chart is built to show areas of their coverage determined by an
experiment (Fig. 10). An experiment was performed in the area covered by all
involved sensors. Its aim was to detect response of each sensor to pedestrian's

motions.

2m

1 - Detection area of Sockol-3
2 - Detection area of SRF-08
3 - Detection area of DP104
- Route
B - Intersection of detection areas

Fig. 10 Detection areas of motion sensors and experimental conditions

Sensor response to pedestrian's motions was detected in 3 meters from
sensors' location. Measurement data are presented in Fig. 11. The area of all sensors
intersection has a pedestrian motion distance of 2 meters, that is two times longer for
Sockol-3 and DP104.

In the course of measurements, it was determined that the fastest response

time appertains to ultrasonic sensor SRFO08 that is second splits. Delay in time when a
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pedestrian enters the controlled area is typical for an infrared sensor and a combined
one. It is 0.5 second. At that a delay after pedestrian leaving the controlled area is 5
seconds for DP104 and 0.5 second for Sockol-3.

Type of
detectors

SRF08
DP104
Sockol-3
Ideal

0 O‘.S 1 1‘.5 2 2‘.5 3 3:5 4 4}.5 5 5}.5 6 6}.5 7 7=.5 8 8}.5 9 9}.5 t-,;s

Fig. 11 Chart of sensors' responses to pedestrian motion

Relying on the results presented in Fig. 10 and 11, we can conclude that
combined type of sensors is the most optimal solution for the use in smart lighting
systems. The use of ultrasonic sensor in such systems is hardly possible due to the
small angle of sensor action. More than that, this type of sensors are rather costly in
comparison with the rest ones. Furthermore, it is possible to use an infrared sensor in
smart lighting systems as it has a great angle of action; however, it is characterized by

a bigger delay in response time.

2.2 Determination of changes in weather conditions

In addition to depending on traffic intensity, an adaptability of smart lighting
system means an adequate response to changing weather conditions. The weather
conditions are primarily the level of natural light, referring to the light of the sun or
the moon. For this task, the photoresistor can be used which changes its resistance
under the action of light.

As an experimental setup, the solution shown in Fig. 12 was used. This
experimental setup consists of Beaglebone Black microcomputer, photoresistor and
resistor of 10 kOhms. Photoresistor and resistor form a voltage divider, which is used
to convert the changing resistance value to a value that is possible to measure at the

analog input of the BBB, this value must be converted into a voltage of 0 to 1.8 V.
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Photoresistor, that had been used, had the dark resistance of about 200

kOhms. In bright light the resistance drops to 1 or 2 kOhms.

-----
..... ok o . BeagleBone

Fig. 12 Experimental setup for luminosity measurements

The electrical circuit diagram for the use of the experimental setup is shown
in Fig. 13.

©188B
Al | R
e
® AIN1
R2
® GND

Fig. 13 Electrical circuit diagram for connection of photoresistor

If the photoresistor is illuminated, its resistance decreases, so the voltage
approaches the value of 1.8 V. On the contrary, with decreasing of the light, the
resistance increases and the voltage drops to 0 V.

The Adafruit_ BBIO.ADC library to BBB was used to connect to BBB pins.
The values from AIN1 of BBB were read:

>>> import Adafruit_ BBIO.ADC as ADC
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>>> ADC.setup()

>>> ADC.read("'P9_40")
0.64435346654646456
>>> ADC.read("P9_40")
0.59456554555552234

Afterwards it is possible to use carried data to calculate the value of
illumination according to the equation appropriate to the photoresistor.

This circuit design can be used both for determining the ambient light, and to
determine the status of the lamp - in the absence of the necessary lighting a signal of
inoperability of the light source can arrive to operator.

Also, for the adequate operation of the system while using microwave
sensors, it is necessary to take into account the availability of the wind and rain, that
is possible, using the data carried from the humidity and wind sensors. Detailed
experimental investigations of additional factors affection on smart lighting system

will be performed in the future work.
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