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BCTPAUBAEMOE UH®OPMALIMOHHOE TABJ10 C ®YHKLIMEN
PACIMO3HABAHUA MNMOJIb3OBATENA

MHTennekTyanbHble MHGOPMAaLUMOHHbIE YCTPOMCTBA — arperatopbl MHdopMaum-
OHHOro KOHTEHTa C (PyHKUMen aBTOMATUYECKON uAeHTUdukauum nonb3oBaTtenien —
Haxo4ATCs B paMKax TEXHONOMMW NepCoHarnbHbIX LMKPOBbLIX MOMOLLHMKOB, KOTOpas
nonyyuna AonofHUTENbHOE YCKOPEHWE B NocrneaHue roapl, Bbinaa 3a npenensi-6o-
nee TPaaMLMNOHHbBIX HaNagoHHbIX KOMMbOTEPOB U CMapTEOHOB, C NOSBAIEHNEM CTa-
LIMOHAPHbIX AOMALLUHNX «BUPTYarbHbIX acCUCTeHTOB» Tuna Amazon Alexa [1]:

OCHOBHOM KOHUeNnuMen gaHHoW paboTbl ABNSETCA BCTpauBaHWE CUCTEMbl B
anemMeHTbl MHTepbepa. OcHoBOW NpeanaraeMon pa3paboTKn ABASETCA KOMMNEKC-
HbIM NoAxo4, NP KOTOPOM BbIMNOSTHAETCA BCTpamBaHne MHOPMaLMOHHON CUCTEMDI
B 3fIEMEHTbI MHTEpPbEpa N UAEHTUMUKaAUNA Nonb3oBaTend, B3anMO4eNCTBYOLLETO
C OaHHbIMW 3nNemMeHTaMn UHTepbpepa, Ha OCHOBE TEXHONOrUM pacno3HaBaHus 0b6-
pas3oB ANs Bblgayn eMy nepcoHanuM3oBaHHbIX BU3yaribHbIX ONOBELEHNIN, arpernpo-
BaHHbIX M3 PasfnnYHbIX 3apaHee HACTPOEHHbIX NMo4d AaHHOIOMOoNb3oBaTENS NCTOY-
HMUKOB MHPOPMaLNW.

B kauecTBe anemeHTa MHTEpbepa Ans BCTpauBaHUs CUCTEMbI NpeanaraeTcs 3ep-
kano lesenna [2]. 3epkana e3enna B OEeNCTBUTENbHOCTM MpeacTaBnalT cobon
CTEKMNa, NOKpPbITble TOHKMM CIOEM MeTanna — Tak;4To 4YacTb NagaroLLlero Ha NoBepx-
HOCTb CTEeKfia CBeTa OTpaXaeTCs, a YacTb. MPOXOAUT HackBO3b. [1py 3TOM HACKBO3b
CBET npoxoamT B 060oMx HanpaeneHusiX. [NpuHUMN OencTBusa 3epkana n npumep uc-
Nosib30BaHUA 151 CUCTEMbI BbiBOAA MHPOPMaLIMN NpeacTaBrieH Ha pUcyHke 1.

APEWA CRET

cnabbli ceeT

PucyHok 1 — 3epkano Nesenna: npuHyun deticmeaus (cneea) u
ucnonb3o08aHue 8 ka4ecmee ducnses (crnpaea)

Ecnn Takmm CTeknom oTropoauTb XOPOLLO OCBELLUEHHOE nomelleHue oT crabo
OCBELLEHHOro, TO CO CTOPOHbI CBETMOro NoMeLLeHnss OHO ByaeT KasaTbCs 3epka-
fIOM, @ C ApYron CTOPOHbl OHO ByAeT BbIrMA4eTb 3aTEMHEHHBIM OKHOM. OTO 06bsC-
HAETCSA TeM, YTO CO CTOPOHbl OCBELLEHHOIO NOMELLEHUS OTpaxeHue ByaeT Macku-
poBaTb CBET, MPOXOASALNA CKBO3b CTEKMNO U3 TEMHOro NoMeLleHusi. A CO CTOPOHDI
TEMHOrO NnomeLleHus KapTuHa GyaeT obpaTtHasi: NPOXOAsALWMNN CKBO3b CTEKIO CBET
OyneT 6onee NHTEHCUBHBIM, YEM OTPaXXEHHbIN.

Ncnonb3oBaHue nepBbiX Nonynpo3payvHbliX CTEKOST OTHOCAT Ha CYET amepuKaH-
ckoro ncuxosnora A. Jl. 'esenna. Bnocnegcremm ycoBepLUEHCTBOBAHHbIE NOMYMPO-
3payHble 3epKarnbHble CTEKMNAa NONy4Yunu ero nvs.
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OOHUM 13 OCHOBHBIX MaTepuasioB HarbIfIEHUS, UCNOSMb3yeMbIX NMPWY U3rOTOBMEHUN,
ABnsieTca TUTaH. [MoCcKonNbKy TUTaH OYeHb CTOMKUIA MeTani K BHELUHUM BO3OENCTBUSIM,
Takve MosioTHa MPaKTUYECKN HE UMEIOT OrpaHMYEeHU MO MPUMEHEHUIO B PasfNYHbIX
ycnosusx. B 3aBUCMMOCTM OT NPUMEHSIEMbIX NPUMECEN METASINIOB U NX OKCUAOB MNOMy-
YyaloT pasHoobpasHble LuBeTa 3epkarnbHblX CTEKON (ronyboe, bBupo3oBoe, 30110Toe U CU-
Hee, 3eneHoe, CTanbHoe 1 Ap.) C pasfMyYHON CTENEHBIO OTPaXXEHUS.

Takue CTékra 4yacTo MUCMOoSb3YTCH apXUTEKTOPAMMN B KOHCTPYKLIMM HOBbLIX 30aHUN.
Tarke OHW aKTUBHO NPUMEHATCH ANna 060pyaoBaHUSA NePeroBopHbIX KOMHAT, KOMHAT
cnyx6 6e3onacHOCTH, NcKxornoroB (B 0CobeHHOCTM AeTckux). Ncuxonorn HabnodaroTt
3a geTbMuM Yepes 3epkarno 'e3enna, He MeLlas UM, YTO NO3BONSIET AETAM BECTU cebs
€CTECTBEHHO Y NO3BOMSET BEPHO OLIEHUTb NeJarorm4eckyto CUTyaLmio.

[na opraHnsaummn nHopmaunoHHoro Tabno, BCTPOEHHOro B 3epkano.'esensa,
npegnaraeTca cneumanusavpoBaHHas MMUKPOMNpoLieCcCopHas cuctema, npwu, paspa-
DOOTKE KOTOPOW KITHOYEBYIO POSb UrpatoT criegyrowwmne gakropsbl [3]:

— MUHMManbHOe cobBCTBEHHOE aHepronoTpebneHne (Npu Heo6XeANMOCTM aBTo-
HOMHOrO NNUTaHNSA);

— He3HauuTenbHble rabapuTbl U BEC;

— MUHUManbHas cobCcTBeHHas 3awmTa (kopnyc) 6narogapsi APOYHOCTU U XKECT-
KOCTM KOHCTPYKLNKN 3fIEMEHTa NHTEPbLEPA;

— (byHKUMM oTBOAA Tenna (oxnaxaeHus), oBecneymBarmme MUHUMYM Tpebo-
BaHWN TennoBbIX PeXxuMMoB. Ecnn nNnoTHOCTL TENNOBOro noTtoka (TensioBon NOTOK,
NPOXOAALLNN Yepes eauHNLY NOBEPXHOCTN) He ApeBblwaeT 0,5 MBT/cm?, neperpes
MOBEPXHOCTM YCTPOMCTBA OTHOCUTENBHO OKpyXKatolen cpeabl He npeBbicuTt 0,5 °C,
Takas annapaTypa cyuTaeTcs He TennoHarpyXeHHon u He TpebyeT crneumanbHbIX
CXeM OXNaXkaeHus.

B yactM 4enoBeko-MalIMHHOIMO B3aUMOOENCTBUS OCHOBHOW OCODBEHHOCTbIO
AAHHOW CUCTeMbl SIBNSieTCA YMeHVe,pacrno3HaBaTb MoMnb3oBaTens U BblBOAUTb
NepcoHanM3oBaHHY MHoOpMaLMo Ha Tabno. Cuctema pacno3HaeT nosnb3oBaTte-
NS, UCMOMNb3ya BCTPOEHHYIO ONTMYECKY0 kamepy. [ns onpegeneHvs nuua B cuc-
TeMe npumeHsieTcs yHKynoHan, bubnmotekn OpenCV, NOCTPOEHbIN Ha Kraccu-
dukaTope KackagoB Xaapa [3]. [JaHHbI anropuTM HaxoguT fivua C BbICOKOW TOY-
HOCTbIO M HU3KMM KOSIMHECTBOM FI0XKHbIX cpabaTbiBaHUN.

[Mpu3Hak Xaapa ([COCTOUT U3 CMEXHbIX NPAMOYrofbHbIX obracten. OHW No3u-
LIMOHNPYIOTCA Ha'M306pakeHnn, aanee CyMMUPYIOTCS UHTEHCMBHOCTU MUKCENENn B
obnacTax, Nocrie Yero BblYMCNAETCA pas3HOCTb Mexay cymmamu. 3Ta pasHOCTb U
OyaeT 3HayeHuemwonpeaeneHHoro npusHaka, onpeneneHHoro pasmepa, onpege-
neHHbIM 06pa3oM, CNO3NLNOHMPOBAHHOIO Ha U306paXXeHUN.

Ha 8Tane obHapyxeHus ncnonb3dyetca metoa Buonbl-[)KOHca, Korga OKHO yc-
TaHOBMEHHOro pasMepa OBWXKETCH Mo U306paxeHuto, 1 Ana Kaxaon obnactu mso-
OpaxeHusy Hag KOTOPOW NPOXOAUT OKHO, paccyuTbiBaeTcs NpusHak Xaapa. Hanu-
Yue Unn oTCYTCTBUE NpeamMeTa B OKHe onpefenseTcs pasHuuen Mexay 3HavyeHnem
npu3Haka n obyyaemblm noporom [4, 5]. ockonbKy Ans onucaHna obbekTa ¢ goc-
TaTOYHOW TOYHOCTbLIO HeobxoaumMo Bonbluee YMcno npusHakos, B Metoade Buonbi-
[bxoHca npu3Hakn Xaapa opraHM3oBaHbl B KackagHblM KrnaccudgukaTop.

Mpn MCNONb30BaHMM MHTErpanbHOro NpeacTaBneHns n3obpaxkeHus, NPU3Haku
Xaapa MOoryT BbIMUCIIATLCA 3a NOCTOsIHHOE BpeMs (npumMepHO 60 MpoLecCOopHbIX
NHCTPYKLMI Ha NpU3HaK 13 AByx obnacrten).

B komnnekce, ycTpOWMCTBO, peanuayiollee LOaHHYK KOHLUENUu, COCTOUT U3
cnegyoLwmx OCHOBHbIX MOLYNEen:
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Kamepa

Kontponep
JMCILIes

Jucrneit Raspberry P1 Mozaem s

Biok nuranug

PucyHok 2 — CmpykmypHasi cxeMa ycmpoucmea

Auncnnen, 3akpenneHHbin ¢ 0bpaTHON CTOPOHbLI 3epkana;ebecneymBaeT cobCT-
BEHHO BbIBOA MHGOpMaLMK Nob3oBaTeNs, KOHTPONNep Ancines BblMNONHAET Noa-
KnyeHne gucnnes ¢ ogHonsnatHblM KoMnbloTepoM. Kamepa Takke NoakntoyeHa K
OLHOMMNNATHOMY KOMMbIOTEPY W nepefaeT HENPEpPbIBHbIM MOTOK M300paXeHus,
Kagpbl KOTOPOro aHanmMsunpyrTcsa ¢ nomoLbto @mbnuotekn OpenCV ana noucka
nonb3oBaTens u ero naeHTudukauun. B kayecTBe 0gHONMaTHOrO KOMMbOTEPA UC-
nonb3yeTtcsa nnatgopma Raspberry Pi. Takke B encreme npegycMoTpeH 6nok nu-
TaHWS, KOTOPbIA 3anuTbiBaeT yCTponcTBongns pabotel ot cetn 230 B, n mogem,
obecneunBaroLLMn YCTPOMUCTBY AOCTYA B CETb ANA oOMeHa JaHHbIMU — 3arpy3ku
NepCOHaNM30BaHHOIO KOHTEHTa AJist KOHKPETHOro nonb3oBartens [6].

B kauecTBe onepaumoHHon cnctemsl BbibpaHa GNU/Linux.

Ha pucyHke 3 nokasaH NpoToTUN AeUCTBYIOLLIEro SKpaHa YCTPOMCTBA, BbIBOAALLNA B
KayecTBe NepCoHanbHOro KOHTEHTa NpeaHaCTPOEHHYH MHpOpMaLMIo O noroge:

$00:41
25.09. 20&8-*

Cramges GpITY: Tesm. 7.41 °C; sevep 22wl scages 0ias sasmm. 89.6 % comm. 2 Gwhast

PucyHok 3 — lMpumep pabomsbi cucmemsbi

B pesynbTate paboThbl YCTPOMCTBO BbINOSTHAET (POHOBYHO arperaumio KOHTEHTa,
pacCYNTaHHOro Ha KOHKPETHOro nosfib3oBaTend, a otobpaxeHue mHdpopMaummn Ha
aucnnee, CKpPbITOM B 9NeMEHTax LOMALUHEro MHTepbepa, No3BOSISIET BbIMOMHATL
HeoTBMeKatoLlee NHPOPMNPOBAHME KOHKPETHOINO pPacrno3HaHHOro CUCTEMOM MOSib-
30BaTenis No UHTepecyLWnM ero Bonpocam 6e3 nonHoro nepeknyeHns dokyca
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BHUMaHWS, YTO, B CBOK OYepefb, CHMKAET NMCUXONOrMYEcKyro Harpy3ky oT Heobxo-
AVMOCTW YacToro NepekrnioyYeHnss KOHTEKCTa, a Takke NMOBbICUT CBOEBPEMEHHOCTb
MONYYEHUS HYXXHbIX CBeOEHUI — OT MPOrHO3a MoroAbl U 3arpy>XeHHOCTN TPpaHCNopT-
HbIX MarucTpanei Ao NobbIX OTCNEXNBaAeMbIX MONb30BaTENEM COObITUIA.
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PA3PABOTKA NPUNTOXEHUA ONA PELUEHUA 3AOAYA
O HA3BHAYEHUAX C UCMNOJIb3OBAHUEM TEOPEMbI XOJNA

BBeneHue. Hepeako'B peanbHOM XU3HW BO3HUKAET npobnema, korga Heobxo-
ANMO conocTaBuTBOOBEKTLI OOHOMO TMNa obbekTam gpyroro Tvna. Hanpumep, 6y-
Ay4Yn Nnaepom HEKOTOPOW rpynnbl Ntogen, Heob6xoaMMo HasHadYaTb MO OQHOMY Ye-
NIOBEKY, OTBETCTBEHHOMY 3a onpeaenéHHyto padoty. [Npn aToM n3BecTtHa OLEHKa,
KaK Kaxxabl,YernoBek U3 rpynnbl crpaBnseTca ¢ pasnuyHbiMmn pabotamu. Peub noet
Npo 3aga4y 0, HasHadyeHnax. ABTOpPOM paspaboTaHO NPUIOXeHUE, KOTOpPOoe MNpu-
3BaHO 06y4nTb Nonb3oBaTens peLlleHuto 3ToM 3agayun Ha 6ase Teopembl Xonna.
Mpunoxenne gemoHCTpupyeT paboTy anroputma, NnpegocTasnsas HGopmaumo ob
aTanax v Nopsiake BbINOMHEHUS peLleHusi, NO3BONSeT ObICTPO HAWTK BCE peLLEeHns
3aga4m N NPOBEPUTL KAYECTBO YCBOEHMS NOfb30BaTENEM MeToAa PELLEHUS.

lNMocTaHoBKa 3agaym 0 Ha3Ha4vYeHuAX. [ pynna n3 n cTaHkoB A4, A, ..., A, AOIKHA
BbINOSHATL N BUAOOB paboTt By, B, ..., B,. 9hdekTmBHOCTb NCNONb30BaHWs i-ro CTaHka
Ha j-1 paboTe onpenenseTca Mepon aPMEKTUBHOCTYU G, rae i, j=1, 2, ..., n. Hantu on-
TUMarnbHY0 paccTaHOBKY CTAHKOB MO BMaaM paboT (T. €. TaKyto pacCTaHOBKY, NMpwU Ko-
TOPOW CyMMapHas 3ppeKTMBHOCTb HA3HAYEHUsT OKaXKETCSt HAnbOmbLUEN).

ANropuTm peLueHusa U AeMOHCTpauus paboTbl NnporpamMmbl

Teopema @. Xonna o cywecmeosaHuu cucmeMbl pas/fiuydHbIX rpedcmasume-
ned. Cuctema M(S) = {S1, Sy, ..., Sy} MMeeT cnuctemy pasnuyHbIX NpeacTaBuTenen

84





