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IMPOI'PAMMHO-TEXHUYECKOE OBECIIEYHEHUE PACIIO3HABAHUA
N MOHUTOPUHI'A MOBUJIBHBIX OBBEKTOB
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benopycckuit HalmoHaNbHBIA TEXHUYECKUNA YHUBEPCUTET
. . 2
Bbenopycckuii rocyaapcTBeHHBIN YHUBEPCUTET HHPOPMATHKU U PATHOITCKTPOHUKU

[IpemnoskeHbl K HCIOJNB30BAaHHIO MAaTEMaTHYCCKHE MOJCTH, pa3paboTaHbl ajJrOpUTMBI W MPOTPAMMHO-
TEXHUYECKHE CPEJICTBA IS PACO3HABAHUS U MOHUTOPHHIA MOOMIBHBIX OOBEKTOB C MCIOJIH30BAHUEM OCHOBHBIX MPUH-
IIUTIOB U OTIEPaIlii KOMIBIOTEPHOTO 3pSHUS M HEUPOHHBIX ceTeil. [IporpaMMHoe obecriedeHre ¢ NCHOIb30BaHUEM allma-
paTypsl B Bue KaMepbl BuaeoHa0mroaeHus (IP-kamMepsl) Mo3BosSeT CIIeauTh 3a IepeMenICHISIMA MOOMITBHOTO 00OBEKTA.

Hcnonp3oBaHue MOMYYCHHBIX PE3yJIbTATOB MO3BOJISICT TOBBICHThH ONEPATHBHOCTh U KAYECTBO PACIO3HABAHUS U
MOHUTOPHHI'a MOOMJIBHBIX 0OBEKTOB PA3IMYHOTO HA3HAYCHHS.

Kniouegvie cnosa: MmaTremaTndeckie MOJEIH; alTOPUTMBL; IPOrPaMMHO-TEXHIHUECKHE CPEJICTBA; PACTIO3HABAHNE;
MOHUTOPHHT; MOOHMJIbHBIE OOBEKTHI; KOMITBIOTEPHOE 3pEHUE; HEHPOHHBIE CETH; KaMephl BUICOHAOIIIOACHHS.

BBenenune

B Hacrosiiee Bpems B cucteMax 00paboTKu MHGOPMAIIMHU IUPOKO MPUMEHSIOTCS AITOPHT-
MBI 3 TEOPHU KOMITBIOTEPHOT0 3peHusi. OCHOBHbBIC 33a]a4¥, KOTOPbIC CTABUT Hepe] Co00it Teopus, -
aHaIN3 M300paKCHUH C 1IeIbI0 OOHAPYKEHUs, PAacIIO3HABAHUS, OTCICKHUBAHUS M KJIACCU(DUKAIIUN
0OBEKTOB.

M3y4eHne KOMITBIOTEPHOTO 3peHust MpoBOAUTCS ¢ 1960-x romoB, a mupoKas pacnpo- crpa-
HEHHOCTH 3aJ1ay, CBA3aHHBIX C aHAJTM30M H300paKCHUH, U MPHUHIUITHAIBHBIC CIIOKHOCTH B pa3pa-
0OTKE aNrOPUTMOB C TEUCHHEM BPEMEHH TOJIBKO YBEIHMYMBAIOT KOJHMYECTBO ITyOJIMKALIUI U HUCCIe-
JIOBaHUM B 3TOW 00JIACTH.

Ha naHHBIE MOMEHT cuCTeMBbl 00pabOOTKM HH(GOPMAIMH C WCIOIb30BAaHHEM KOMIIBIO-
TEPHOTO 3pEHHs MPUMEHSIIOTCS B TakMX cdepax, Kak MEIUIMHA, aBTOMATH3MPOBAHHBIC BOCHHBIC
CHCTEMBI, aBTOMOOMIIbHAS TIPOMBIIIJIEHHOCTh, TIOMCKOBBIE CHCTEMBI, CHCTEMBI OXpaHbl OOBEKTOB,
CHCTEMbI KOHTPOJISL Ka4ecTBa MPOIyKIuu u jp. [1-2].

B nmanHO# paboTe ncciaeayroTcst BO3MOXHOCTH UCIIONB30BAHUS KOMITBIOTEPHOTO 3PEHUS JUIS
pacro3HaBaHMs 1 MOHUTOPHUHTA MOOWIILHBIX OOBEKTOB.

MeToabl pacnio3HABaHUSA M1 MOHUTOPHHI A

B pabote s pemieHust 3amad pacro3HaBaHWS M MOHUTOPHHTA MOOWJIBHBIX OOBEKTOB
MPEIJIOKEHO MCIOB30BaTh JAETEKTOp Xaapa, MeTo] Buonsi—/xoHca, punstp Kanmana. brnaroga-
psi OBICTPOIT 00paboTKEe M300paKEHHUsI, MOXKHO C JIETKOCThIO 00padaThiBaTh MOTOKOBOE BUEO. Jle-
TEKTOp Xaapa HCIOJIb3yeTCs ISl paclio3HaBaHUsl OOJBIIMHCTBA KJIaccoB 00BheKTOB. K HUM OTHO-
CATCS JIMIIA U IPYTHE YacTH Tella JII0JICH, HoMepa aBTOMOOMIICH, MeNeX0Ibl, JOPOXKHBIC 3HAKH, JKH-
BOTHBIC U T.1I.

B nacrosmiee Bpemst MmeTo 1 Bromnsl—/[)koHca SBISICTCS TOMYJIIPHBIM METOIOM JIJIST ITOMCKA
00BEKTa Ha M300paKEHUH B CHUITY CBOEH BBICOKOW CKOPOCTH U 3¢ (PEeKTUBHOCTH. B 0CHOBY MeTona
Buonb—/[)x0oHca TONMOKEHBI: UHTErpalbHOE MpPECTaBlIeHne M300pakeHUs MO MpU3HAKaM Xaapa,
MOCTpOEHUE KiIacCu(pUKaTOopa Ha OCHOBE aJTOpPUTMa aJaNTUBHOTO OYCTHHTA M CITIOCOO KOMOMHHUPO-
BaHUs KJIACCU(IUKATOPOB B KACKATHYIO CTPYKTYpPY. DOTH HJAEU IMO3BOJSIOT OCYIIECTBISTH MOHMCK
00BEKTa B PeKUME PEATHHOTO BPEMCHH.

WuTerpanbHoe npeacTaBIeHNe N300paKeHUsT — 3TO MaTpHIla, OJIMHAKOBAs TI0 pa3MepaM C
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MCXO/HBIM H300paKeHHEM. B Ka)10M dlIeMEHTe MaTpPHUIbl XPAHUTCSI CyMMa MHTEHCUBHOCTEH BCEX
MMUKCEJIOB, HAXOASAIIUXCS JIEBEE U BBIIIC JAHHOTO JIEMEHTa — MIPABOT0 HIKHETO YTJia MPSMOYTOJIb-
Hoit obmactu (0,0) 10 (X,y). DaeMeHThI MaTpullbl L MOXKHO paccuuTath 1Mo GhopmyJie:

Loy =371 1

rae 1(i,J) — apKocTh MHUKceaa HCXOAHOTO H300paKeHHUS.

Pacuér 3HaueHUN SJIEMEHTOB MAaTpHULbI MPOXOAUT 3a BPEMS, MPONOPLHOHAIBHOE YHUCITY
MUKCEJIOB B UCXOAHOM H300pakKeHUH, IMOATOMY HHTErpajibHOE M300pakeHUE MPOCUUTHIBACTCA 32
OJIUH MTPOXOJ.

DNeMEeHTBl MaTPUIbl PACCUUTHIBAIOTCS MO (hopMyIie:

L(X1 y) =1 (X1 y) + L(X _11 y _1) + L(X’ y_l) + L(X—l, y) '

C 1noMOIIBI0 MHTETPAJIbHOTO MPEACTABICHUS H300paXKEHUS MOXKHO OBICTPO PacCUUTATh
CYMMapHYO SIpKOCTh IPOU3BOJIbHOM MPSMOYTOJIbHOM 00J1aCTH Ha N300paKEHHH.

Knaccudukarop dhopmupyercs Ha npuMUTHBaX Xaapa myTéM pacdyéra 3HaYeHUN MPU3HAKOB.
Jlnst oOyueHust Ha BXOJ KJIacCH(PHUKATOpa CHavaia moaaércsi Habop «IpaBHIbHBIX) U300paKeHHIH C
MIpPe/IBAPUTENILHO BBIIEICHHON 00JIaCThI0 HA M300paKeHUH, Jajbllie MPOUCXOIAUT repedop MpUMu-
THUBOB U pacyeT 3HAUCHUS NIPU3HAKA.

Ha »srane oOHapyxeHus o0bekTa B MeTone Buonbi-J[pKOHCAa HMCHONB3YyeTCs OKHO OIpee-
JICHHOTO pa3Mepa, KOTOpoe ABIKETCS Mo n300paxkenuro. [ Kaxmaoi 00macti n300pakeHusi, Hall
KOTOPO MPOXOAUT OKHO, PACCUUTHIBAECTCA MPU3HAK Xaapa, C MOMOILBI0 KOTOPOT'O MIPOUCXOTUT MO-
HCK HY)XHOTO 00bekTa [3].

Sn JleKyH npeuioKul UCIoNb30BaTh AJIs PEIICHNs paccMaTpUBAaEeMbIX 3a]]a4 TaK Ha3bIBae-
MBI€ CBEPTOUYHBIC HEUPOHHBIC CeTH [4].

Wnest cBepTOUHBIX HEHPOHHBIX CETEW 3aKIIIOUaeTCsl B UepPEIOBAHUU CBEPTOUHBIX cioeB (C-
layers), cydnuckperusupyromux cinoes (S-layers) n Hanuuuu nonHocBs3HbeIX (F-layers) crioeB Ha
BBIXOJIC.

Takast apXUTEKTypa 3aKII04acT B ce0e TPH OCHOBHBIC TAPAJAUTMBI: 1) JIOKAILHOE BOCTIPHSITHE;

2) paznensemMble Beca; 3) CyOIUCKPETU3AIIHIO.

JlokanpHOE BOCHPHATHE IMOAPA3yMEBAET, YTO HAa BXOJ OJHOTO HEHpOHA IMOJaeTcs HE BCE
n300pakeHne (MM BBIXOBI IPEABIIYILErO CJI0s), a JHIIb HEKOTopasi ero 00IacTh.

Takoil moAXoa TMO3BONMI COXPAaHATH TOIMOJOTMIO HM300pakeHUs OT CJ0S K CJOI0.

Konnenmus pazaesnsieMbix BECOB MPEIoIaraer, 4rto st OOJIBIIOro KOJIMYECTBa CBSI3EH Hc-
MOJIB3YETCSl OUCHBb HEOOJIBINON Ha0Op BecoB. T.e. €M y Hac MMEETCsl Ha BX0JI€ N300pakeHue pas-
MepoM 32x32 muKcensi, TO KaXAbli U3 HEeHPOHOB CIIEAYIONIETO CJI0s MPUMET Ha BXOJ TOJBKO He-
00JIBIION Y4acTOK 3TOT0 M300pa)KEHUsI pa3MepoM, K Mpumepy, 5X5, mpuueM Kaxablil u3 ¢pparmMeH-
TOB OyAeT oOpaboTaH ofHUM U TeM ke HabopoMm. CamMux HaOOpPOB BECOB MOXKET ObITH MHOTO, HO
KKl U3 HUX Oy/eT MpUMEHEH KO BceMy M300pakeHHto. Takue HaOOpbl 4acTO Ha3bIBAIOT fpa-
mu (kernels). Herpyano nmocuurtars, uto gaxe ans 10 sjgep pasmepom 5X5 A BXOIHOTO u300pa-
AKEeHMs pazMepoM 32x32 KOJMYECTBO CBSI3eH OKaxeTcs paBHBIM IpumepHo 256000 (cpaBHHBaeM ¢
10 MiH), 2 KOTUYECTBO HACTPAUBAEMBIX MTapaMeTpoB Bcero 250!.

Ha xauecTBe pacro3HaBaHUsl 3TO CKa3bIBa€TCA B JIYUIIYyIO0 CTOPOHY. Jlesio B TOM, 4YTO Takoe
HCKYCCTBEHHO BBEJICHHOE OrpaHMYEHHME Ha Beca Yylyumiaer oOoOmiaronme CcBoicTBa ceTu
(generalization), 4TO B HTOT€ TO3UTUBHO CKA3bIBAETCS HA CIOCOOHOCTH CETH HaXOAUTh HHBAPHUAHTHI
B M300paKEHUU M pearnpoBaTh rIaBHBIM 00pa3oM Ha HHX, HE oOpaiias BHUMaHUS Ha TMPOYUN IITYM.
Jlnst penieHust TaHHOW 3314l MOKHO MCTIOJIB30BaTh JPYTOM MOJXOM C MPUMEHEHHEM JIBYMEPHBIX
buabTpoB. PUIBTP MpeACTaBIAET cO00M MaTpuily Kod()PHUIIHEHTOB, OOBIYHO 33JaHHYIO BPYUYHYIO.
Ota MaTpula NMPUMEHSETCS K N300paKEHHUIO C TIOMOIIBI0 MaTEeMAaTUYECKON Omepaliy, Ha3blBae-
Mot ceepmioti. CyTh 3TOM OlEpaivy B TOM, YTO KaXAbli (pparMeHT n300pakeHrss YMHOKAETCs Ha
MaTpHILy (SIpO) CBEPTKH IMOJIEMEHTHO U Pe3yJIbTaT CyMMHUPYETCS U 3alTUCHIBACTCS B aHAJIOTHIHYIO
MO3UIUIO BBEIXOAHOTO M300pakeHnss. OCHOBHOE CBOMCTBO TaKUX (PHIIBTPOB 3aKJIFOYAETCS B TOM, UTO
3HAQYECHHE WX BBIXOJA TeM OoJbIle, ueM OoJbllie PparMeHT M300paKeHUs MOXO0XK Ha caMm (UIIBT.


http://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D1%91%D1%80%D1%82%D0%BA%D0%B0_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7)
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Takum oOpazoM, U300pakeHHE, CBEPHYTOE C HEKHM SAPOM, JaeT APyroe n300pakeHHe, Kax bl
MUKCET KOTOPOTro OYeT 03HAa4YaTh CTENEHb MOX0XKECTH (pparMeHTa n300pakeHust Ha QUIBTP.
[porecc pacnpoctpanenus curHaina B C-cioe mokasaH Ha puc. 1.

Bxon KapTa npuaHakoB

Agpo

Puc. 1. IIpouecc pacnpocrpanenus curuana B C-cioe

Kaxapiii ¢hparMeHT n300paskeHus TOJIEMEHTHO YMHOXKAeTCS Ha HEOOJBITYI0O MAaTPUILy Be-
COB (S11p0), pe3yslbTaT CyMMHUPYETCS. DTa CyMMa SIBJISIETCS HMUKCEIOM BBIXOJHOTO M300pakeHus,
KOTOPOE Ha3bIBACTCS KAPTOU MPU3HAKOB. 37IECh OIYCTHM TOT (PAKT, YTO B3BEHICHHASI CYyMMa BXOJIOB
ellle npormyckaercs yepe3 QyHKIUIO akTUBaIMK (Kak B 1000 Apyroi Heipocetn). Ha camom nene
3TO MOXET MPOUCXOAWTh M B S-ClIoe, MPUHIUIUATBHOK pa3HUIlEl HeT. CleyeT OTMETUTh, 9TO B
ujeane He pasHble (parMeHThl MPOXOAST MOCIEeI0BATENILHO Uepe3 Aapo, a MapaiieIbHO Bce U30-
OpakeHHEe MPOXOIUT Yepe3 UACHTUUHBIC sapa. KpoMe Toro, koaudecTBo saep (HabopoB BECOB) OII-
penensieTcst pa3pabOTYUKOM M 3aBHCHUT OT TOTO, KAKO€ KOJIMYECTBO MPU3HAKOB HEOOXOAMMO BBIJE-
muth. Eme oyHa 0COOEHHOCTH CBEPTOYHOTO CJI0SL B TOM, YTO OH HEMHOTO YMEHBIIIAeT N300paKeHHe
3a c4eT KpaeBbIX AP (HEKTOB.

CyTb cyOaucKpeTH3anuy  S-CJI0€B 3aKII0YaeTcss B YMEHBIIEHHH MPOCTPAHCTBEHHOW pas-
MEPHOCTH U300pakeHusl, T.€. BXOJHOE N300pakeHue rpy0o (ycpenHeHneM) yMEeHbIaeTcs B 3a1aH-
HOE KOJIMYeCTBO pa3. Yaie Bcero B 2 pasa, XOTs MOXKET ObITh U HE paBHOMEPHOE W3MEHEHHE, Ha-
npumep, 2 1o BepTUKaIu U 3 mo ropusoHTanu. Cy0auckpeTusalus Hy)KHa JUis oOecrieueHus: NHBa-
PUAHTHOCTH K MacITady.

Wtak, B pe3ynbTaTe pabOThl aITOPUTMA BBIIEICHUS 0O0bEKTOB MOXKET OBITh MOJIYYEH CITUCOK
OoOHapy)KECHHBIX Ha TAHHOM KaJpe CerMEHTOB, OJIHAKO, YTOOBI PEIINTh 33Jauy CISKEHHUS 32 00beK-
TaMH, HeOOXOJIUMO COMOCTaBUTh KaXKIOMY M3 STUX CETMEHTOB OOBEKT, U3BECTHBIA HA MPEIBITY-
IeM KaJipe, 1100 MPUHSATH pelieHrne 00 0OHapyXeHUU HOBOro oobvekTa. MHorna ommnboyHo oOHa-
pY>KEHHBIE CETMEHTBI SIBJISIOTCS TOCTATOYHO YCTOWYMBBIMU BO BPEMEHU M CYIIECTBYIOT B OJU3KHX
TOYKaX MPOCTPAHCTBA HA MPOTHKEHUH HECKOJIBKUX KaipoB. C Apyroi CTOPOHBI, MHOT/IA MPABUIBLHO
oOHapyKEHHbIE CETMEHTHI KPATKOBPEMEHHO HCYE3al0T, MOITOMY JOJIKEH OBITh MEXaHHU3M, KOTO-
PBIN, 60-nepsbix, TPUHUMAET pelieHrne 00 0OHAPYKEHHH HOBOTO 00BEKTa, 80-6Mopulx, PUIBTPYET
HEYCTONYHBBIE BO BPEMEHU JIOXKHBIE CETMEHTBI, 8-mMpembux, YCTAHABIUBAET COOTBETCTBHE MEXKIY
M3BECTHBIMHU paHee 00BEKTAMU U HOBBIMH CETMEHTAMHU, G-4emaeEépmopix, IPOTHO3UPYET KOOPAHHATHI
00BEKTOB MPHU KPATKOBPEMEHHOM IPOTATaHUH, §-1amblX, IPUHUMAET PEIICHHUE O MOTepe 00BEKTA.

Jlist mpuIaHus aTOPUTMY CJICKEHUS YCTOWYMBOCTH K BPEMEHHOMY 3aKpPBITHIO OOBEKTa
ydacTKaMu (hoHa JJIs KaKJO0T0 0ObEKTa BBOJAMUTCS MEPCOHATBHBIA TPACKTOPHBINA (DUIBTP, TTIaBHAS
3aJjauya KOTOPOTO — IMPOTHO3 KOOPAWHAT 00BEKTa B CIEAYIONIEM KaJIpe Ha OCHOBE aHaN3a TPAEKTO-
puu nBrkeHus: o0bekTa. OOBIUHO B Ka4eCTBE TAaKOTO PMIIbTpa Hcnonb3yercs ¢puiabTp Kanmana.

[Tpr BpeMEHHOM 3aKpBITHU 00BEKTa ydacTKaMH (pOHA WU JPYTUMU OOBEKTaMH YTOYHCHHE
MapaMeTpoB TPACKTOPHUH HE BBIMOIHIETCS, U TPACKTOPHBIN (GUIBTP pabOTaeT B pexKUMe IPOrHO3U-
POBaHUs KOOPIUHAT.

[Tpu Hamu4MM B TOCIENOBATEIILHOCTH M300pakKeHU MHOXKECTBa OOBEKTOB CIIECKEHHUS BO3-
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HUKAET BEPOSTHOCTh MEPEMyThIBaHUS OOBEKTOB B CUTYaLIUAX ME€pPEceUeHUs] TPACKTOPUI UX JBUXKe-
uus. [locne nmepeceueHus: TpaeKTOPUN 0OBEKTHI JOKHEI TIONy4YaTh TE ke UACHTH(DHUKATOPHI, KAKUE
ObUIH Y HUX JI0 TIEPECEUCHHUS.

HpOFpaMMHO-TeXHI/I‘leCKaﬂ peajm3anus

B nponecce BeinonHeHus paboTel OblIa CO3AaHa Mporpamma, KOTopasi peajiu3yeT alropuTM
pacrno3HaBaHus 00bEKTa Ha CIICHE U MOCIEAYIONIETO €r0 MOHUTOPUHTA.

Jlnst mosTydeHusl BUICOM300pasKeHHsl C KaMephl MCIob3yeTes mporokoin http. IMoce moiy-
YCHHsSI BUICOM300paKCHUS, OHO PACKAIPOBBIBACTCS U Jaliee paboTa MPOUCXOJUT ¢ KAKIBIM KaJ[pOM
10 OTAEIBHOCTH.

OcHOBHas 4acTh MpOrpaMMbl paboTaeT B JiBa (TpH) MOTOKA, KOJIMYECTBO MOTOKOB 3aBUCUT
0T TOro, paboTaer B JaHHbII MOMEHT MOHHMTOPHUHI WM HEeT. B ogHOM moToke K HM300pa)KeHHI0
MpUMEHSETCS AeTeKTOp Xaapa IJis MOUCKA UCKOMBIX MPUMUTUBOB (HampUMep: ria3a, HOC, pOT WIH
JUIO LIEJTMKOM) Ha N300pakeHnH, nH(OpMAaIIKs O HallIeCHHOM COBIIaJICHUH 3AITUCHIBACTCS B MaMSATh
KOMITBIOTEpa, JaJiee 3aIyCKaeTCs B OTACILHOM IMOTOKE MOHHUTOPHHT HAWEHHOTO 00BhEKTa WU He-
CKOJIbKUX OOBEKTOB, 3aIlyCK MOHUTOPUHTA MOKET ObITh aBTOMATUYECKUM WIIM C MOJATBEPKICHUEM
3alycKa y Mojib30BaTelis, B Cilydae, Korja Ha M300pakeHUU JIeTeKTop Xaapa Hallell, Halpumep,
rJiaza, poT U JUIO eTUKOM. B X0/le MOHUTOPUHTA 3aMUChIBAIOTCS BCE U3MEHEHHSI KOOPAUHAT 00B-
€KTa, TAaK)KE€ UMEETCS BOBMOXXHOCTh BPYYHYIO 3a7aTh OOBEKT; 32 KOTOPBIM MPOU3BOJIUTCS MOHUTO-
puHr. B ciydae pydHoro BbiOopa 00BEKTa MOXKHO BBIOpaTh OMIIMIO MMOBOPOTA KaMephl BCIen 3a
00BEKTOM.

IP-kamepa
Monb3oEaTent

WHTe pheic nporpamMMsl
hitp npoTokon

\ MporpammHoe obecne4yenne

TMOmyE pagoTsl C
kamepoi v oGpaboTd
BUlEOCHTHaNa
(packagpoeka u
npeofpa3oEaHue B
grayscale)

Mons3osaTensckii
wHTEpdenc
nporpamMMsl

A

F Y

. KoMaHga Ha noEopoT
PacxaapuposaHHLIi NoToK (HaKNOH) KaMmepsl

Monb30EaTeNk BLIASNUIW 00bekT
B pessime "MoHuTopUHr

Mons30EaTENE BEIAENNN 00BEKT
B pexmme "OnpegeneHdna Tmna”

ECTb N 00LEKTEl B
RERMME MOHWTODKUHIE S

Brleog pesynsrata paboTtsl
NPUNOHEHUS NONE30EATENMHD
l y

Na,
¥ ~a

Hadgex
MCKOMBIA OGbEeKT Mogyne
> "MOHMTOPWHT <
ofbekTa”

¥

Moayne "HelpoHHar
ceTe GooglLeNet”

Mogynk “[eTexTop
Xaapa"

Puc. 2. Cxema B3aumoaeiicTBusa Moay.Jaeil MPOrpaMMHOro oboecrneyeHust

Bo otnensHOM moTOKe paboTaeT pacrno3HaBaHHE THIA 00BEKTa Ha M300paKEHUU C TMTOMO-
1ipto0 HelipoHnHoi cetn GoogLeNet. /lanHbIi anropuTM 3amycKkaeTcs TOJIbKO B PYYHOM PEXHUME, T.€.
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HEOOXOMMO TIPU MTOMOIIIH YCTPOWCTB BBOJIA, OOBIYHO 3TO KOMITBIOTEPHASI MBIIIb, BHIACITUTH UCKO-
MBI OOBEKT U TOKAATHCS pe3yibTaTa MOJYyYEeHHOTO B X0J1¢ padOThl CBEPTOYHON HEHPOHHOH CETH.
Hetiponnas cets GoogLeNet, Tounee ee Mozenp, peam3oBaHa Mpu momoiu (GppIariMBopKa riy6o-
koro ooyuenus Caffe.

[Tporpamma peanuzoBana Ha si3bike C++, KOTOpBIA ObLIT BHIOpaH HM3-3a CBOCH JTOCTATOYHO
BBICOKOH CKOpOCTH paboThl, ipu nomoniu oubmmorek libcurl mis padotst ¢ http nmporokonom, 6u6-
aunoteku OpenCV [5-6], ucmons3yeMoit st 00paboTku u3o0pakeHuii u (patimBopka Caffe ms
peanu3anuu HelpoHHOH ceTn. OOmIas cxema MOyJel MPUIIOKEHHUS IPUBECHA Ha pHC. 2.

B anmapaTHO# yacTi KoMIUIeKca ucmosb3oBaiack kamepa D-Link DCS-5030L, umerormas Ya
mroiMoBBIN MeranukcenbHbIi CMOS-ceHcop ¢ TexHOIoTHuel MpOorpecCUBHOTO CKaHUPOBaHUS, ¢o-
KYCHBIM paccrosinueM 2,38 MM U yriamu 063opa 94,36° (o ropusoHTanu), 59,3° (mo BepTHKAIN).
JlanHast kamepa mojepkuBaet TexHojoruto PTZ (Pan-Tilt-Zoom), T.e. oHa momaepXuBaeT TUC-
TaHIIMOHHOE W3MEHEHHE 3yMa U MOBOPOTA U HAKJIOHA KaMepbl 110 BEPTHKAIM U TOPH3OHTANIH, C YT-
oM moBopoTa oT -170° no +170°, yrmom HakiioHa ot -20° qo +90°, ckopocThio BpaliieHus 16° B ce-
KyHIy ¥ 4-KpaTHbIM HH(MpPOBBIM 3yMoM. Tarke Hcmoib3oBanach BeO-kamepa AdTech PK-635E,
umeromas 1/6 mroiiMoBsiit 0.3 meranukcensabiii CMOS-cencop ¢ poKyCHBIM paccTosHUEM 3,5 MM
U yriom o03opa 54°.

Ha puc. 3 npuBoauTcs npuHuun GyHKIIMOHUPOBaHUs cucTeMsl IP-kamep.

ITpoBoxHEEIE
ip—pl‘{)auephl Omneparop
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BecnposonHsie
Vopasndemas KyODoIbHAS BHIEOKAMEpHI

Ip-Kamepa

Puc. 3. Ilpunnun padotel cuctembl |P-kamep

3akiaouenue

Taxum o6pa3om, B paboTe OBUTH MOTYyUEHBI CICYIONINE PE3YIbTATHI:
® U3YUYEHBI M NPEUIOKEHBI K UCTIOJIB30BAHUIO0 OCHOBHBIE IPUHIIUIIBI M OTIEPAIIH KOMIIBIOTEP-
HOT'O 3PEHUS, METOJIbI, AITOPUTMBI 1 HEUPOHHBIC CETH ISl PACIIO3HABAHUS U MOHUTOPHHTA
MOOUIIBHBIX OOBEKTOB Ha U300paKEHHH,
e pa3paboTaHO MPOrPaMMHO — TEXHHUYECKOEe OOecredeHHe pacro3HaBaHUS W MOHUTOPHHTA
MOOHJIBHBIX 0OBEKTOB.
[IporpamMmmHoe obecriedeHue, pa3paboTaHHOE B JAHHOW MyOIHKAIIUH, TO3BOJISET OCYIIECTB-
JISTh pacro3HaBaHUE W MOHUTOPUHT MOOMJIBHBIX OOBEKTOB M CIICTUTH 32 UX TEPEABMKCHUEM, OHO
HanpsIMYIO B3aUMOJICHCTBYET C almaparypoi, B JaHHOM ciiydae Kamepoi BuaeoHabmonenus (IP-
KaMmepa), ¥ TI03BOJISIET B Cllydae ABMKEHUSI 0ObEKTOB ABUTAaTh COOTBETCTBYIOIIYIO KaMepy.
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[TpennoxeHHbIN B paboTe MOAX0 HE AaeT aOCOMIOTHO TOUHOTO pe3ysibTaTa paclio3HaBaHUS
¥ MOHUTOPHUHTa MOOMJIBHBIX OOBEKTOB U TPEOYET CBOETO JaTbHEHIIIET0 pa3BUTHSL.
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SOFTWARE AND TECHNICAL SUPPORT FOR THE RECOGNITION
AND MONITORING OF MOBILE OBJECTS

!Belarusian national technical University,
*Belarusian state University of Informatics and Radioelectronics

The proposed mathematical model, developed the algorithms and software and hardware tools for recognition
and monitoring of mobile objects using basic concepts and operations of computer vision and neural networks. Software
using hardware in the form of surveillance cameras (IP camera) allows you to monitor the movement of mobile object.

The obtained results allows to improve the efficiency and quality of recognition and monitoring of mobile ob-
jects for various purposes.

Key words: mathematical models; algorithms; software and hardware; detection; monitoring; mobile objects;
computer vision;neural networks; surveillance cameras.





