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AHHOTALMSA

Jlannasi Hay4Hasi paboTa MOCBSIIEHA CO3/JaHUI0 U pean3aluu Ha si3bike C++
anroput™ma Buobl-J{)coHca, MO3BOJISIONIETO HAXOAUTH Ha N300paKEHUU JIUIIO
yenoBeka. Pacrio3HaBaHue Ul ABJISIETCA OAHOM U3 CaMbIX U3YUYEHHBIX 3a/1a4 B
TaKuX 00JacTAX, Kak 1udpoBas 00paboTka U300paKEHHM, KOMITBIOTEPHOE 3pEHHE,
OmoMeTpusi, OpraHu3anus BUACOKOH(DEPEHIINNA U CO3/JaHNE MHTEIUIEKTYaTbHBIX
cucTeM 0€30MacHOCTH U KOHTPOJIs Joctyna. AnroputM Buoiibl-J>xoHca 310
METO/I, OCHOBaHHBIA Ha MPeoOpa30BaHUN N300paKEHHS B MHTETPAIBHYIO (GopMYy,
YTO MO3BOJISIET OBICTPO U C MMOCTOSTHHOM CKOPOCTHIO BEIYHUCIISITH HEOOXOUMBIC
00BeKTHI. [lenpio qanHoMi pabOTHI SIBJISETCS HATMCAHNUE TPOTPAMMBI, CITIOCOOHOH C
MUHHUMAJIbHO BO3MOKHBIM KOJIMYECTBOM JIOKHBIX CpaOaThIBAHUM ONPEEATh
KOOPJIMHATHI JIMIIA YEJIOBEKa Ha N300pakeHnu. Mcronib3yroTcst mpu3HaKH,
onvcanHbie Buonoi u J>KOHCOM, UX CpaBHEHHE C IpU3HAKaMK Xaapa,
IIPUBOJSATCA TOCTOMHCTBA U HEJIOCTATKU Ka)XJ10ro u3 HUX. [Ipu yrie Hakiiona
6ompIe 30° BEposSITHOCTh OOHAPYKEHUS JIUIA PE3KO MajaeT. YKa3zaHHas
0COOEHHOCTh METO/Ia HE TIO3BOJISIET B CTAHJIAPTHOM peain3aluu JeTEKTUPOBATh
JIMLIO YEJIOBEKA, [IOBEPHYTOE IO IIPOU3BOJILHBIM YIJIOM, YTO B 3HAYUTEIILHON
Mepe 3aTPYAHAET WU JAEJaeT HEBO3MOXHBIM UCIIOJIb30BAaHUE AIITOPUTMA B
COBPEMEHHBIX MTPOU3BOJACTBEHHBIX CUCTEMAX C YYETOM UX PACTYILHUX
notpedHocTel. ONMUCHIBAIOTCS OCHOBHBIC TPUHIIUIIBI IOCTPOCHUS allTOPUTMA,
TaKHle Kak npeoOpazoBaHue U300paXeHUl B UHTETpaIbHYyI0 (OPMY, METOIbI
KacKaJIUPOBaHMUS, TTO3BOJISIOIINE 3HAUUTEIIBHO YBEIIUYUTh CKOPOCTh Pa0OTHI
aJIrOpUTMa U MPUMEHEHHUE METOI0B MAIIMHHOTO O0YYEHU S, HEOOXOIUMBIX IS
yJIydiieHus paboThl kiaccudukaropa. Pe3ynbTarhl, MOJy4EeHHBIE B X0/1€
HKCIIEPUMEHTA, OBLIIN MPOAHATU3UPOBAHBI, TOJIYYEH CPETHUHN TIPOILIEHT OIUOKH
KJaccu(ukaTopa v 3aBUCUMOCTh BPEMEHH padOThI aIrOpUTMa OT pazmepa
n3o0paxkenus. PaccmatpuBaroTcs qanbpHEIMe nepcrneKTUBbl PA3BUTHS TaHHOU
paboTHI.

KinroueBsie cioBa:

PacnioznaBanue i, Metoa Buosbr-/[5)x0Hca, HHTErpaibHOE MPEACTABICHUE,
MaIllMHHOE 00yUYCHHE.



BBEJEHUE

3anaya uASHTU(PUKAIUN U PACIO3HABAHMSI JIUI] — 9TO OJIHA U3 NEPBBIX
IPAKTUYECKUX 3aja4, KOTOpasi CTUMYJINPOBAJla CTAHOBJIEHUE U PA3BUTUE TEOPUU
pacrno3HaBaHMs U UACHTHPUKAIUU 00beKTOB. IHTEpEC K mpoueaypam, JeKalum
B OCHOBE IIpOlecCca Y3HAaBaHUS U PAaCIIO3HABAHUS JIMIL, BCET/1a ObLI 3HAUUTEIIbHBIM,
OCOOEHHO B CBSI3U C BO3PACTAIOLIMMU MPAKTUYECKUMHU NOTPEOHOCTSIMU: OXPaHHBIE
CHCTEMBI, Bepu(UKaIMs, KpUMUHAIUCTUYECKAs SKCIIEPTU3a, TeIEKOH(EPEHIINN U
T.1. HecmoTpst oueBuAHOCTH TOTO (haKTa, 4YTO 4EMOBEK XOPOIIO HACHTU(DULIUPYET
JMLA JIFO/IEH, COBCEM HE OYEBUAHO, KaK HayuyuTh DBM npoBoauTh 3Ty nmpouenypy,
B TOM YHCJIE KaK JIEKOAUPOBATh U XPaHUTH I POBbIe n300paxkeHus nuil. Eire
MEHEE SICHBIMU SIBJISIFOTCS] OLIEHKH CXOXKECTH JIUII, BKIIOYAst UX KOMILIEKCHYIO
00paboTKy. IMEHHO M03TOMY LIENBIO MOEW Hay4HOU pabOThI SIBIETCS pa3padoTKa
Y HalMCaHue alropuTMa, o3BOJISIFOIIEro OOHAPY KaTh JIMLA Ha U300pakeHuH. 3a
OCHOBY IIPOrpaMMBbl OyZET B3ST METOJ, IIpe/ioxkeHHbIH Bruonoit u /[>xonconom B
2001 romy.



1. TEOPETUYECKAA YACTDH

1.10nucanue anropurma

B 2001 rony Buona u /[>kOH IpeAIOKNIN aarOpUTM JJIs PaClIO3HABAHMS JIULI,
KOTOPBIN CTaJl MPOPHIBOM B 00JIACTH paclio3HaBaHUs JIHIl. MeTO ] HCTIONb3yeT
TEXHOJIOTHIO CKOJB3SIIETO OKHA. TO eCTh paMKa, pa3MepOM, MEHBIIINM, YEM
UCXOAHOE N300pakeHne, ABUTraeTCsl C HEKOTOPBIM IIAaroM MO N300paXKeHHIO, U C
MOMOIIBIO KacKaja cladbIX KiIaccu(PUKaToOpoB ONpeesieT, eCTh JIU B
paccMaTpuBaeMOM OKHE JIMI0. MeToa CKOJIb3AIEro OKHA 3()(PEKTUBHO
UCITOJIB3YETCSl B PA3JIMYHBIX 3a/1a4aX KOMIIBIOTEPHOTO 3pEHUS U PACIIO3HABAHUS
OOBEKTOB.

MeTtoz cocToUT U3 2-X MO/ AJITOPUTMOB: aITOPUTM O0YyUEHUS U AJITOPUTM
pacno3HaBanusl. Ha nmpakTrke ckopocTh pabOThl adroputMa o0yueHus: He Ba)kHa.
KpaiiHe BakxHa CKOpOCTh pabOTHI aaropurMa pacro3zHaBanus. [1o BBeneHHOM
paHee Kiaccu(UKaMy MOKHO OTHECTH K CTPYKTYPHBIM, CTATUCTUYECKUM U
HEUPOHHBIM METOIAM.

Meton nMeer ciaeayroue NpeuMyIlecTBa:

e BO3MOKHO OOHapy»keHue 0oJiee 0OHOTO JIMIla Ha U300paKeHUH;
e HCIIOJH30BAHUE MPOCTHIX KIACCH(PUKATOPOB IMOKA3BIBAET XOPOIITYIO
CKOPOCTbH U MO3BOJIIET UCTIONB30BATh 3TOT METO B BHICOTIOTOKE.

OmHako METOJT CJI0KHO 00ydaeM, Tak Kak Jyisi oOydeHus TpeOyeTcs: O0JIbIIoe
KOJIMYECTBO TECTOBBIX JAaHHBIX M MpEIIoaracT O0JbIIoe BpeMs 00ydeHus,
KOTOPOE U3MEPSCTCS THIMH.

M3HavanbHO aJirOpyUT™M OBLT TIPEJIOKEH JIJIsl pACTIO3HABAHUS TOJIBKO JIUII, HO €r0
MO>KHO MCIIOJIb30BaTh JJIS PACIIO3HABAHUS IPYTUX 00BEKTOB. OJTHUM U3 BKJIA/I0B
Buonbt u JI)xoHca ObUT0 MPUMEHEHHE TaOIHIIbl CyMM, KOTOPYIO OHH Ha3BaJln
WHTETPabHBIM U300paKeHUEM, JICTAIbHOE OMMCAHNE KOTOPOTo OYAET TaHO HIDKE.

1.2 Cxema pacrio3HaBaHUs

AJropuTM pacno3HaBaHus 1o Merony Buonsi-/[)xoHCa OCHOBaH Ha
"cyMMUpOBaHUU" UHTEHCUBHOCTHU(SPKOCTH) MUKCEIOB HAXOAAMIMMHUCS JTHOO0 O]
«0enoit» b0 Mo «4€pPHOI» YacThIO0 MPUMUTHBA Xaapa (C onpeaesIeHHBIMU
BECOBBIMU KOd(hpULIeHTaMH 17151 «OeN0ro» U «4EPHOT0» CIOEB COOTBETCTBEHHO)
MO, CKOJB3SIIINM [TI0 pacTpy | OKHOM. Pacrio3HaBaHKE B ’TOM METOJIE
ocymiecTBisieTcs o "mpeneaentam". C nmomoipo "o0yuaromniei BHIOOpKH"
CTPOUTCS HaOOp "CUIIBHBIX KJIacCU(UKATOPOB", KAXKBIA U3 KOTOPBIX AJIS
KBaJPaTHOT'O OKHA TOBOPUT: "MPEANOI0KHUTEIBHO, B OKHE - JINLO", UJIH -



"ompeneneHHo, He uio". Takum oOpazom, JJ1s1 TOTO, YTOOBI aITOPUTM MPU3HAI
KapTHUHKY B OKHE 32 JIMII0, HEOOX0AUMO, YTOOBI BCE "CHIIbHBIE KJIaCCU(UKATOPHI"
(stages) oTBeTHIIN: "N1a, TUIO OPEATNOTOKUTENBHO €cTh". Eciin XO0Ts1 ObI OJIUH U3
HUX OTBEPI OKHO (CKa3all, YTO "1uIla OMpeAeICHHO HET" ), TO aITOPUTM Cpazy ke
OTBEpraeT JaHHOE OKHO, IpyTrue "CUiIbHbIE KIaccu(puKaTopsl" HE UCTIONB3YET, U
NEPEXOAUT K CIEIYIOLIEMY OKHY.

1.3 [Ipu3naku kimacca

[Tpuznaku Xaapa — npuszHaKu HUPPOBOTO U300PAKEHUS, UCTIOIH3YyEMbIC B
pacrno3HaBaHuu 00pa3oB. CBOMM Ha3BaHUE OHH 00S3aHBI HHTYUTUBHBIM
CXOJICTBOM cBelBieTamMu Xaapa. [Ipu3Haku Xaapa UCIOJIb30BAIMCH B IEPBOM
JETEKTOPE JIUII, padOTAIOIIEM B PEAIbHOM BPEMEHHU.

HcTopudecku CIoKuiIoch Tak, 4TO allTOPUTMBI, paOOTAIOLIUE TOJIBKO €
MHTEHCUBHOCTBIO N300paxkeHus (Hapumep 3HadyeHne RGB B kaxxaoMm nukcerne),
MMEIOT OOJIBIIIYIO BRIYUCIUTENIBHYIO CIOKHOCTh. B pabore [Tanmareopruy, Opuia
paccMoTpeHa paboTa ¢ MHOKECTBOM MPU3HAKOB, OCHOBAHHBIX Ha BEMBIIETAX
Xaapa. Buona u J[>KoHC aganTupoBay UICK0 UCTOJIb30BaHUS BEUBJIETOB Xaapa 1
pa3paboTanu To, 4YTO OBLIO Ha3BaHO NpHu3Hakamu Xaapa. [Ipuznak Xaapa coctout
U3 CMEKHBIX MPSAMOYTOJIbHBIX 00jacTeil. OHM MO3ULIMOHUPYIOTCS Ha
U300paKEHNH, Jajiee CYMMUPYIOTCS MHTEHCUBHOCTH NTUKCEJEN B 00J1aCTAX, MOCTe
Yero BBIYMCIISAETCS Pa3HOCTh MEXy CyMMaMu. DTa pa3HOCTb U OyJeT 3HaUCHUEM
OTIpPEIeNIEHHOTO MPU3HAaKa, ONPEAEIEHHOr0 pa3Mepa, ONpeeIEHHbIM 00pa3oM C
NO3UIIMOHUPOBAHHOTO Ha N300paKEHUH.

Jlns mpuMepa paccMOTpUM 0a3y JaHHBIX ¢ YeJTOBEUSCKUMH JuiiaMu. OOImmm 1is
BCEX M300paKEHHM SABJISETCS TO, YTO 00JIACTh B paliOHE IJ1a3 TEMHEE, YeM 00J1acTh
B parioHe 1iek. CiaenoBaTeapHO OOIKUM MPU3HAKOM Xaapa JUIs JIUIL SBJIsSeTCS 2
CMEKHBIX TIPSIMOYTOJIBHBIX PETHOHA, JISKAIINX Ha IJ1a3ax U IeKax.

Ha stane o6HapyxeHust B Mmetosie Buosibsi—/>koHCa OKHO YCTaHOBJICHHOTO
pazmepa JIBUKETCA M0 U300PaXKEHUI0, U I KaX0i 00JacTh n300paXkeHus1, Hajl
KOTOpPOM MPOXOAUT OKHO, PACCUMTHIBACTCS NMpU3HAK Xaapa. Hanmnune winm
OTCYTCTBHE TIPEMETa B OKHE OMPECIIICTCS pa3HULICH MEX Ty 3HAUYCHUEM
npu3HaKa u 00ydyaembiM noporom. [TockonbKy mpusHaku Xaapa Majio MoaX0IsT
J1s1 00y4YeHUsl W Kiaccu(uKaiuu (Ka4eCTBO HEMHOTO BBIIIE YeM Y ClTydaiHOU
HOPMAJIHO PACTIPEICIICHHON BEJTMYMHBI), U1 OMUCAHUS 00bEKTa C TOCTATOYHOM
TOYHOCTHIO HEOOX0IUMO OO0JIbIIIEE YUCIIO TTPU3HAKOB. [loaTOMy B MeTOIE
Buonsi—/[>xoHca nmpu3Haku Xaapa OpraHu30BaHbl B KACKAIHBINA KIACCH(PUKATOP.

KitoueBoii 0COOEHHOCTBIO MPU3HAKOB Xaapa sIBJISICTCS HauOoJIbIas, 1o
CPaBHEHUIO C OCTAILHBIMU MTPU3HAKAMU, CKOPOCTh. [Ipu rcnons3oBanuu
WHTErPAILHOTO TIPEICTaBICHUS U300paKeHUs, MPU3HAKKA Xaapa MOTYT
BBIYUCIISITHCS 32 MOCTOSIHHOE BpeMs (mpuMepHOo 60 mpoLieCCOPHBIX MHCTPYKIUN Ha
MIPU3HAK U3 JABYX 00acTeit).



B cranpapraom merone Buossl — JIXKOHCA UCTIONIB3YIOTCS IIPSIMOYTOJIbHBIE
NPU3HAKH, U300pakKeHHbIE Ha PUCYHKE 1, OHM HA3bIBAIOTCS MPUMHUTHBAMU Xaapa.

Puc. 1 — Ilpusnaku Xaapa.



B pacmmmpennom Merozae Buoibl — JI)koHca, ucnoib3yromiemMcsi B 0udInoTexe
OpenCV ucnonp3yroTcs AOMOJIHUTEIbHBIE TPU3HAKH, TIOKA3aHHbIE HA PUCYHKE 2!

Puc. 2 — JlononHuTenbHbIC TPU3HAKK Xaapa
BoeruucsiemMbiM 3HaYEHHEM TaKOTO TIPU3HAKA OyIeT:
F=XY

rae X— cyMMa 3Ha4eHHM SIPKOCTEN TOUEK 3aKPbIBAEMbIX CBETJION YaCThIO
IIpU3HAKAa,

Y— cymMMa 3Ha4eHH SIPKOCTE TOUEK 3aKPbIBAEMBIX TEMHOM YaCThIO MPU3HAKA.

JI71st X BBIYMCIIEHUSI UCTIOIB3YETCS TOHATHE UHTETPAIbHOTO H300pakeHus,
paccmoTrpeHHoe Bolle. [IpuzHaku Xaapa JaroT TOUEYHOE 3HAYECHUE NIepenaja
ApKOCTU 10 ocu X U Y COOTBETCTBEHHO.

AJ'IFOpI/ITM CKaHHUPOBAaHMA OKHA C IIPU3HAKAMH BBITJTEIAWT TaK:

€CTh UCCIIelyeMoe n300pakeHne, BRLIOpaHO OKHO CKAaHUPOBAHUSI, BEIOPAHbI
UCIIOJIb3yEeMbIC MTPU3HAKHY;

AaJICC OKHO CKaHUPOBAHUA HAYMHACT IIOCIICIOBATCIbHO ABUT'aAThCA 110

M300PKEHUIO C IMaroM B 1 siueiiky OKHa (JIOMyCTHM, pa3Mep caMOro OKHa eCTh
24*24 gueiikn);

MIPY CKAaHUPOBAHUH M300paKEHUS B KAKIOM OKHE BBIYHCIIACTCS MPUOITU3UTEITHHO
200 000 BapraHTOB PaCTOJIOKEHHUS MPU3HAKOB, 32 CUET U3MEHEHUs MacITada
MPU3HAKOB U UX TOJIO)KEHHS B OKHE CKaHUPOBAHUS;



CKaHUPOBAHHUC ITPOU3BOAUTCA ITOCICAOBATCIILHO JJIA pa3JIMYHBIX MaCIHTa6OB;

MaciTabupyeTcst He caMo U300pa)KeHne, a CKaHUPYIOIlee OKHO (M3MEHseTCs
pa3Mep STYEHKH);

BCE HailIeHHbIEC MPU3HAKU MOMAIal0T K KJIACCU(PUKATOPY, KOTOPHII «BHIHOCUT
BEPIUKTY.

B nporiecce norcka BEIUKACIATH BCE MPU3HAKU HA MAJIOMOIIHBIX HACTOJIBHBIX [1K
npocto HepeanbHo. Clie10BaTeNnbHO, KIIACCU(PUKATOP JOKEH pearupoBaTh TOJIBKO
Ha OIpeNIETICHHOE, HYKHOE MTOJIMHOKECTBO BCEX MPU3HAKOB. COBEPLIEHHO
JIOTUYHO, YTO HaJ0 OOYyYUTh KIACCU(PUKATOP HAXOXKJICHUIO JIMIL [T0 TAHHOMY
OIpPENEICHHOMY IOJMHOXKECTBY. ITO MOXKHO CHENaTh, 00y4asi BBIYUCIUTEIbHYIO
MalIMHy aBTOMaTUYECKHU.

O6y‘-ICHI/Ie MalllMHbI — 3TO IIPOHCCC MMOJYUCHUA MOAYIICM HOBBIX 3HAHUU.

JIaHHBIN POLECC BXOAUT B KOHLEIINIO U TEXHOJIOTHIO IO Ha3BaHueM Data
mining (u3BJieyeHue UH(GOPMAIIUU U MHTEIUJIEKTYaIbHBIA aHAJU3 JaHHBIX ), KyAa
BXOJSIT MOMUMO MalMHHOro 00y4YeHusl TakKhe TUCUUIINHBL, Kak Teopus 6a3
JTaHHBIX, ICKyCCTBEHHBIN MHTEIIEKT, AIropuTMU3alus, PacnosnaBanue oopas3oB
u nipourie. MamuHHoe oOydeHue B MeToie Buosnbi-/[xoHca pemnaeT Takyro 3a1auy
KaK KJaccupuKaIus.

1.4 Cxema oOyueHus

O06o001mIeHHas cxema anropuTMa 00y4eHHs BBITIISIUT CIEIYIONUM 00pa3oM.
Nmeetcs TectoBas BeIOOpKa n3o0paxeHuit. Pazmep tectoBoit BhIOOpKHU 0koJi0 10
000 u3o0paxenuii. Ha pucynke nokasan npumep o0ydaroumx u300paxeHu JInL.
AnropuTt™m oOydeHHs paboTaeT ¢ U300paKEHHUSIMU B OTTEHKaX CEpOro.

O0600uIEHHas cxema alropuTMa oOy4eHHs TOKa3aHa Ha PUCYHKE 3.

Tecoear / Tpexsupoexa
Ha4ano obywerur enibopua K ny<wero cnaboro
nzobpaxexHni / knaccubukaTopa

Yonoeue
OCT3HOBK M

Dobaeuts & 633y

' Hoxey obyyesunr k

Puc. 3 O60611eHHas cxema anropurMa



OO6yuenue anroputma Buoina-/[>koHca — 3T0 00yUeHHe aropuTMa ¢ yUuTeJIeM.
JIs HEeTo BO3MOJKHO Takas mpobisiema kak nepeooydenue. [lokazano, 4to
AdaBoost MOXeT HCTIOB30BATHCS IJIS1 PA3IMYHBIX MPOOJIEM, B TOM YHCIIE K
TEOPHUH WUTP, TPOTHO3UPOBAHUH. B maHHOM paboTe yCIOBHE OCTAHOBKH SIBISETCS
JOCTIDKCHHE 3apaHee 3aJaHHOTO KOJMYECTBA CIa0bIX Kiraccu(PpuKaTopoB B Oase.

1.5 UnTerpanbHOE NpeicTaBICHUE N300paXKEHUM

JInst TOTO, 4TOOBI IPOU3BOUTH KaKKe-IM00 JEHCTBHS C JaHHBIMH, UCIIOIb3YETCS
HWHTETpajbHOE MpeacTaBiIeHrEe n300pakeHnii B Metojie Buosbi-JI>xonca. OnHoM 13
MOJIC3HEUIIINX 0COOCHHOCTEN MHTErPAIBHOTO MIPEACTABICHUS SIBJISCTCS
BO3MOXXHOCTh OU€Hb OBICTPO BBIYMCIUTH CYMMY MUKCEJICH MPOXU3BOIBLHOTO
MPSMOYTOJIbHUKA (MJIU JTF000# ApyTroi GUTryphl, KOTOPYIO MOKHO
ATIpPOKCUMHUPOBATH HECKOJIBKHUMH MPSMOYTOJIbHUKAMHU ).

WuTerpanbHoOe npeacTaBieHue n300pakeHusl — 3T0 MaTpHIla, COBIAA0Ias 1o
pa3MepaM ¢ UCXOAHBIM U300pakeHHEM. B KaKOM 2JIEMEHTE €€ XPAaHUTCSA CyMMa
WHTEHCUBHOCTEH BCEX MUKCEEH, HaXOASAIIMXCA JIEBEE U BbIIIE JAHHOTO AJIEMEHTA.
DJIeMEHTBI MaTPHIIBI paCCUUTHIBaIOTCS 110 popmysie (1.1):

P=x, j=w
Lix,yl= 2, &Ili, )
i=0, i=0 (1.1)

rae 1(i,]) — sApKOCTh MUKCENS HCXOIHOTO H300PaKEHHSI.

Kaxpiit anmemenT Matpuiisl L(X,XY) npeacrasiser coOol CyMMy MUKCENeH B
npssmoyrosbauke oT (0,0) 1o (X,Y), T.e. 3HaUeHUe Kaxa0ro mukcens (X,y) paBHO
CyMMe 3HAa4YCHHI BCeX MUKCEJICH JIeBee M BhIlIe JaHHoro nukcens (X,y). Pacder
MATPHUIbI 3aHUMAET JTUHEUHOE BPEMSI, TPONOPIIMOHAIIBHOE YHUCITY TUKCEJIEH B
M300paKEHUU, MOATOMY UHTErPATbHOE H300pKEHUE TPOCUUTHIBACTCS 32 OJIUH
IIPOXOJ.

Pacder marpuiibl Bo3MoskeH 1o ¢opmyie (1.2):
L(x,y) = I(x,y) — L(x-1,y-1) + L(x,y-1) + L(x-1,y) (1.2)

[To Takoit MHTETPATBLHOM MATPHUIIE MOKHO OUYEHb OBICTPO BBIUUCIUTH CYMMY
MUKCENEN TPOU3BOJIBHOIO NPSIMOYTOJIbHUKA (CM. PUCYHOK 1), TPOU3BOJIBLHOM
momaan. [Tycts B mpsimoyronbparke ABCD ects nnTepecyromumii Hac 00beKT D:



A D

Puc. 4 — [IpsimoyroiibHast 001acTh H300pAKEHUS
W3 pucynka 1 NOHATHO, 4YTO CyMMY BHYTPH HPSIMOYTOJIbHUKA MOYKHO BBIPA3HUTh
Yyepe3 CyMMbI U Pa3HOCTH CMEXHBIX NPSIMOYTOIBHUKOB 110 opmyiie (1.4):

S(ABCD) = L(A) + L(C) — L(B) — L(D)(L.4)

[TpumepHbIH TPOCUET OKA3aH Ha PUCYHKE D'

30 24 5 20| 8 52
17 2 152 0 77 33
S 18 59 89 0 17
34 15 90 104] 20 3
9 13 22 a4 55 51
72 201 185 104 35 21
C 30 24 5 20
17 2 152 0|
5 18 59 89
A 30 24 s=30+24+17+2=73 34 15| 90 104
17 2
s=250+72+59+89+90+104=664
B 30 24 o 20|
17 2 152 0
s=73+5+20+152+0=250 MCKOMbI 06 beKT
59 89| s=59+89+90+104=342
D 30 24 90 104
17 2 A+C-B-D=73+664-250-145=342
5 18 s=73+5+18+34+15=145
34 15

Puc. 5 — IIpumepHbIil TpocueT NUKCENeH MPOU3BOJIBHOTO MPSMOYTOJIbHUKA

[Tpuznak — oroOpaxkenue f: X => Df, rne Df — MHOXeECTBO 1OMyCTUMBIX
3Ha4YeHM npu3Haka. Ecnu 3amansl npusnaku f1,...,fn, TO BEKTOp IPU3HAKOB X =
(f1(x),...,Mn(x)), Ha3pIBaEeTCSI MPU3HAKOBHIM OIHMCAHUEM O0BEKTa XEX.



[Ipu3HakoBbIe ONUCAHUS JOIYCTUMO OTOXKAECTBISTh C CAMUMH 00bekTaMu. [1pu
ToM MHOKecTBO X = Df1* ...* Dfn Ha3pIBarOT MpU3HAKOBBIM ITPOCTPAHCTBOM.
[IpusHaku AenaTcs Ha CIASAYIOMNUE TUITBI B 3aBUCHMOCTH OT MHOXKecTBa Df:

— OunHapHsIii mpusHak, Df = {0,1};

— HOMHHAJIbHBIN NTpu3Hak: Df — kKoHeuyHOE MHOXKECTBO;

— MOPSAIKOBBIN npu3Hak: Df — xoHeuHOE yHops04eHHOE MHOXKECTBO;

— KOJIMYECTBEHHBIN npu3HaK: Df — MHOXECTBO NEHCTBUTEILHBIX YHCET.
EcTtecTBeHHO, OBIBAIOT MPUKIIAHBIC 337]a41 C PA3HOTUITHBIMU MPU3HAKAMH, JUISI KX
pELIEHUs MOIXOAAT JAIEKO HE BCE METO/IBI.

1.6 OOyuenwme

Pabora ¢ xackagHbIM KJIacCH(PUKATOPOM BKIIFOUYAET JIBA dTama: 00ydeHue u
JeTeKTUpoBaHue. J[eTeKTUpOBaHKE BBl MOKETE IIOCMOTPETh, K TIPUMEPY, HA
00HaApYKEHUHM JIUI. A 3/I€Ch OIHCAHO KaK 00ydJaTh KiIacCU(pHUKaTOP.

B OpenCV ectb nBa MpuiioxkeHus 11 TPEHUPOBKHU KackaJoB: opencv_haartraining
u opencv_traincascade (HoBas Bepcus HanrcanHast Ha C++). Uto kacaetcs
JIOCTOBEPHOCTH PACIIO3HABAHUS, TO BCE 3aBUCUT OT 00yUaroiei BbIOOpKU. MOKHO
oOyunth LBP Tak, yTo oHO OyneTt npubimkatbesa k Xaapa 0COOCHHOCTSIM.
opencv_traincascade u opencv_haartraining XpaHat 00y4eHHbIE KIaCCU(PUKATOPHI
B pasznu4HbIx ¢popmarax. Hossiit untepdetric oonapyxenus (CascadeClassifier
KJjacca B objdetect moyne) moanepxkuBatoT o6a popmara. opencv_traincascade
MOXET COXpaHsTh 00ydeHue Kackaaa B ctapom ¢opmate. Ho opencv_traincascade
u opencv_haartraining He MOXET 3arpy3UTh KIacCU(PUKATOP B Apyrom dopmare
JUTS TATbHEWIIETo 00y4YeHus TIOCye mepephiBa.

opencv_traincascade npuaoxxeHue MOXeT ucrnoiab3oBath TBB s
MHOTOITOTOYHOCTH. UTOOBI HCTIOIB30BATh €T0 B PEKUME MHOTOSICPHBIX
nporieccopoB OpenCV noikHO OBITH OTKOMIIUIIMpPOBaHO ¢ TBB.

Jpyrue yTUIuThl, UCTIOJIb3yeMbIe SISl O0yUCHUS:

1. opencv_createsamples UCTIOIB3YETCS AJI MOATOTOBKM y4eOHOTO Habopa
MIOJIOKHUTENIBHBIX M TECTOBBIX 00pa3IoB B opMarte, KOTOPHIN TOIIEPKUBACTCS
Kak opencv_haartraining Tak u opencv_traincascade npwioxenusiMmu. Ha Bbixose
noytyqaetcsi paiii ¢ pacCIIMpeHueM *.vec, 3To IBOMYHBIN (popMaT, KOTOPHIiA
COJICP)KUT U300paKCHHE.

2. opencv_performance MOXeT ObITh UCIIOJIB30BAHO JIJIs1 OIICHKU KauecTBa
KJ1acCU(PUKATOPOB, HO TOIBKO AJI1 00y4eHHBIX opencv_haartraining. Ona
UCTIONB3YeT KOJUIEKITMIO pa3MEeueHHBIX N300pakeHUH, 3amycKaeT Kiiaccu(pukaTop
¥ COOOIIAaeT TaK Ha3bIBAEMYIO TIPOU3BOAUTEIHLHOCTD, T.€. KOJTMUECTBO HAWCHHBIX
00BEKTOB, KOJTMYECTBO MPOMYIICHHBIX 00BbEKTOB, KOJIMYECTBO JIOKHBIX
cpabaTbIBaHUM U APYTYIO HHPOPMALIHUIO.

st 06yuyenust HeoOxoauMo coOpaTh 00pa3sl. EcTh 1Ba THIA 00pa30B:
HETaTUBHBIC U MO3UTUBHBIC. HeraTuBHbBIE 00pa3bl COOTBETCTBYIOT OTCYTCTBHIO
o0bekTa Ha nu3o0paxkeHuu. [lonoxurensHpie 00pa3bl COOTBETCTBYIOT



n300pakeHueM ¢ 0OHapyKeHHbIMU 00beKkTaMu. HaGop HeraTuBHBIX 00pa3oB
TOJDKEH OBITH TTOATOTOBIICH BPYYHYIO, B TO BPeMsl Kak MHO>KECTBO
MOJIOKUTEIBHBIX 00Pa30B CO3/1a€TCs C TOMOIIBIO YTHIIUTHI Opencv_createsamples.

HeratuBHbie 00pa3bl TOJDKHEI OBITH B3STHI U3 MPOU3BOJILHOTO U300paKEHUS. DTH
M300paKECHUS HE JTOJDKHBI COJEPIKaTh 00OHApYKEHHBIX 00beKTOB. HeraTuBHbie
oOpa3bl IEPEUNCIICHBI B CIICIMATIEHOM (haiijie. ITO TEKCTOBBIN (Daiil, B KOTOPOM
Ka)KIasi CTpoKa COACepKUT uMs (haiina m3o0pakeHus (OTHOCUTEIHHO KaTajaora
daiina) ¢ HeraTUBHBIM 00pa3oM. DTOT (ailsl JoJKEH ObITh CO3/JaH BPYUYHYIO.
OOparute BHUMaHHUE, YTO HETaTUBHBIC TPUMEPHI HA3BIBAIOT TAKkKE (POHOBBIMU
npobamu mim oopasuamu hoHa uzoopaxkeHus. OnrucaHHble U300paXKEHUS MOTYT
OBITh pa3HbBIX pazMepoB. Ho kaxxmoe n3o0paxeHune TOHKHO OBITh O0JIbINe, YeM
pa3Mep OKHa 00y4YEeHUSI.

ITo3uTuBHBIE 00pa3bl CO30AIOTCS YTUIMTOM opency_createsamples. OHu MoryT
OBITh CO3/IaHBI U3 OAHOIO N300pakeHUs ¢ OOBEKTOM MJIU U3 KOJUIEKLIUU paHee
pa3MEUEHHBIX U300paKEHUI.

[To3uTHBHBIEC TPUMEPHI TAK)KE MOTYT OBITh TIOMYUEHBI U3 KOJUICKIINH paHee
pa3MEYEeHHBIX N300paXeHUI. DTa KOIEKINS, KOTOpask ONMMCHIBACTCS B TEKCTOBOM
daiine, moxoxka Ha ¢aiin onucanus Gpona. Kaxxnas crpoka atoro aitiia
COOTBETCTBYET M300pakeHuI0. [IepBbIM 371€eMEHTOM JIMHUU SIBJIIETCS UM (aiiia.
3a Hell cleqyIoT KOJIMYECTBO 3K3EMIUIIPOB 00beKkTa. Cleyromue qucia siBistoTCs
KOOpJIMHATaMU 00bEKTOB OTPAHUYMBAIOIINX MPSMOYTOJILHUKOB (X, Y, ITUPUHA,
BBICOTA).

OK3eMIUISIpbl 00BEKTOB B3SIThl U3 U300paKeHU. 3aTeM OHU U3MEHSIFOTCS J10
pa3mepa 1eJIeBbIX 00pa30B U COXPaHSIOTCS B BBIXOAHOM vec-(aiin. Hukakux
UCKKCHUH HE IPUMEHSETCS, TIOATOMY BIIHSIFOIINE apTyMEHTHI 3TO: -W,-h,-show u
-Num.

opencv_createsamples MOXeT ObITh HCIOJIb30BaHA AJIs U3YYECHUS 00pa30B,
XpaHsAmxcs B (haiine mo3uTUBHBIX 00pa3oB. st Toro, 4ToObI cienaTh 3TO TOIBKO
-VeC,-w U -h mapameTpbl 10KHBI ObITh YKa3aHBbI.

Crenyronmm maroM siBJsieTCs MOATr0TOBKa Kinaccudukaropa. Kak yxe
YIOMHHAJIOCH BHITIIE opency_traincascade uinu opencv_haartraining MOTYT OBITH
WCITIOJIB30BAHBI JIJIs1 OOYUEHHS Kackaa KIIacCu(PUKaTOpOB, HO TOJIBKO
opencv_traincascade OyZieT onucaH B JadbHEHUILIEM.

[Tocne opencv_traincascade MpuIOKeHNE 3aBEPIIUT CBOIO pPabOTy, 00yUEHHBIN
Kackaj OyaeT coxpaneH B cascade.xml ¢aiin B mamnke, koTopas Obl1a IPUHSTA B
KaueCTBE JJAHHBIX ITapaMeTPOB.



2. [IPAKTUYECKAA YACTb

[IpakTuueckas peanu3alis JaHHOTO aJrOPUTMa Bellach Ha s3bike C++ B cpejie
Microsoft Visual Studio. ba3a manubix aui Obuta B3gra u3 oubanorexku MNIST.
HamucaHHbIl alrOpyUTM BBIMISIINAT CICAYIOIUM 00pa3oMm:

HAYANO I

dopmMmupoBaHue

1

“ .

Owwnbka "Kackan

"Ha ¢oro HangeHo _ nuy!
Bpems pacno3HaBaHWA PABHO ‘

KOHEU l

Puc. 6 Aaroput™m paboTsl IporpamMmbl



2.1 ®opmupoBanue Habopa n300paskeHui At 00yueHus Kackaa
KJIaCCU(PUKATOPOB

Jiist 00yueHus Kackaja Kiaccu(@UKaTopoB METOI0M 00YUYEHUS C YUUTEIEM
HE00X0AMMO cO37aTh U ChOPMHUPOBATH HEKHUI HA0Op U300paKEHU, cofepKaluit
B ce0e KaK «IO3UTUBHBIC» IPUMEPHI, TO €CTh U300pAKEHUS JUII, TaK U
«HETAaTUBHBIN», TO €CTh HAOOP CIIy4alHBIX 00BEKTOB. IMEHHO €ro KauecTBo U
pasMep B MEPBYIO OUEpe/Ib BIUSET HA TOYHOCTH Kiaccudukaropa. Haittu yxe
rOTOBYIO 0a3y JIMII C pa3MEUEHHBIMU B HY’)KHOM (hopmaTe TaHHBIMU MHE HE
yAJIOCh, TIOITOMY S IPUHSII PEIICHNEe CO37aTh JaHHBIA HA0Op CaMOCTOSTEIIBHO.

S B3s11 apXUB M300paKeHUM JI10JIel MPUMEPHO OJHOTO KauecTBa HA OJHOM
u3 ¢aiinooOMeHHUKOB. B apxuBe ectb Gotorpaduu Jitoaeil pa3HbIX BO3PacTOB,
MOJIOB ¥ HAITMOHAJIBLHOCTEHN, YTO KaK HEJIb3s JyUIlle MOIXOIUT JIJIsl CO3/IaHUs
oOyuaroiieit BEIOOpKU. 3aTeM Mepeio MHOM BCTalla 3aja4ya BhIpe3aTh CO BCEX
doTtorpaduii uIa JTroIeH, Ha3BaTh (akasl UMeHaMu «Ne.jpg» 1 co31aTh
TEKCTOBBIN (haiis, XpaHsauwi HHGOPMAIINIO O KOJMYECTBE JIUI] Ha (PoTO,
KOOpAMHATE JIEBOI'O BEPXHETO yriia MPSMOYTOJIbHUKA, OMUCAHHOTO BOKPYT JUIA U
ero pasmepe. Jlanubiii TekcTOBBIN (haiin s Ha3Ban «Good.daty. Taxke, s co3man
daitn «Bad.daty, B KOTOpOM HaXOAMIUCh U300PaKECHHUS JIFOOBIX CIIyYaiiHbIX
dbparmeHToB (oTto.

Teneps HEOOXOUMO MPUBECTH BCE U300paXKEHUs K OJHOMY (opmary,
COOTBETCTBYIOIIEMY MPOTOPIUSAM CKaHUPYIOIIEero mabioHa. B moem ciyuae
HAaWJIy4IlIMM OKa3aJI0Ch COOTHOIIEHUE IMUPUHBI K BbIcoTE OKHA 11:20. Caenats 310
MOJIYYHJIOCH C TIOMOIIIBIO 3ayCKa Yepe3 KOHCOJIb YTUITUThI
opencv_createsamples.exe. Komansa, mojanHas Ha BXOJ MPOTrPAMMBI BBITJISITAT
CJIEAYIOIIUM 00pa3oMm:

opencv_createsamples.exe -info Good.dat -vec samples.vec -w 11 -h 20

Good.dat — (haiin onrcaHuUs MOJIOKUTEIIBHBIX H300paKCHUH.

-vec samples.vec — ¢aiin, B KOTOpbIi OyIeT coXxpaHeHa MPUBEACHHAS K 00IIeMy
dbopmary 6a3a MoJIOKUTEIBHBIX H300paKeHUH. Apec TOJKEH ObITh yKa3aH
OTHOCHUTEJIHHO MPOTpaMMBI Opencv_createsamples.exe

-w 11 -h 20 — pa3mep mabdioHa.

B pesynbTaTe paboThl MporpaMMbl oayduM ¢aitn samples.vec, coaepikarimii B
cebe Bech HAOOP MOJOKUTETBHBIX N300PAKEHUI, MPUBEJIEHHBIX K YKa3aHHBIM
TIPOTIOPITUSIM.



2.2 TpennpoBKa Kackajia kiaccudukaropa

Jiist moacuéra UTOroBOro Kackasaa OyemM UCIoIb30BaTh
opencv_traincascade.exe, JeKalIyro B TOH JKe Manke, 4To 1
opencv_createsamples.exe. Co3manueM CTPYKTYPbl 00yUCHHsI, KOJIMIECTBOM II0X,
TpeOyeMOoi TOUHOCTBIO U OCTATLHBIMU MTapaMeTpamMu Oy1eM yIpaBisTh C
MTOMOIIIbIO KOMaH/IHOW CTPOKH.
opencv_traincascade.exe -data haarcascade -vec samples.vec -bg Bad.dat -
numStages 16 -minhitrate 0.990 -maxFalseAlarmRate 0.4 -numPos 331 -
numNeg 514 -w 11 -h 20 -mode ALL -precalcVValBufSize 256 -
precalcldxBufSize 256
371ech:

-data haarcascade — ajnpec manku, B KOTOPYIO BEIETCS 3aIUCh PE3y/IbTaTOB.

-vec samples.vec — anmpec moCYUTaHHOTO B TPOIILIOM ITYHKTE (paiiia ¢
MOJIOKUTEJIbHBIMU IIPUMEPaMHU.

-bg Bad.dat — anpec (aiina-onucanusi OTpUIATEIBHBIX TPUMEPOB.

-numStages — KOIUYEeCTBO YPOBHEH Kackajia, KOTOphIE MporpaMma Oyiet
o0y4ath. ONTUMAIbHOE 3HAYEHUS MTOAOUPAEM OMBITHBIM ITyTEM.

-minhitrate — ko3¢ ¢uIreHT, onpeaeIAIONIHMA Ka4eCTBO 00YUCHHU.
-maxFalseAlarmRate — ypoBeHb JI0)KHO# TPEBOTH.

-NUMPOs 331 — KOJIMYECTBO MO3UTUBHBIX TPUMEPOB.

-numNeg 500 — k0JIMYeCTBO HETATUBHBIX MPUMEPOB.

w 11 -h 20 — pa3mep npuMHUTHBA.

-mode ALL — ucrmons30BaTh WM HET MOJIHBIA KOMIUIEKT Xaap-npu3Hakos. OT
ATOTO 3aBUCUT CKOPOCTh PA0OTHI M TOYHOCTH AJITOPUTMA.

-precalcValBufSize 256 -precalcldxBufSize 256 — Brigensemast Mo mporecc
aMsITh.



OKCNepUMEHTAIBHBIM MTyTEM sI BBISICHWII, YTO ONTUMAIBHBIMHU JIJISl JAHHOW 3a/1a4u
ABJISIIOTCS CJICAYIOIINE TapaMeTpPhI:

-numStages — 16

-minhitrate — 0.99

-maxFalseAlarmRate — 0.4

-NUMPO0S 331 — KOJIMYECTBO MO3UTUBHBIX PUMEPOB.
-numNeg 500 — KOIM4YECTBO HETATUBHBIX PUMEPOB.

w 11 -h 20 — pa3mep npuUMHUTHBA.

Bl CAWINDOWS\system32\cmd.exe - opencv_traincascade.exe -data haarcascade -vec samplesvec -bg Bad.dat -numStages 16 -minhit.. — O X

Puc. 7 Ilpumep paboThl mporpaMmMbl



2.3 IIpoBepka TOYHOCTH PAOOTHI KIaccupukaTopa

MHo10 ObLIO CIPOEKTHUPOBAHO U 00yueHO nopsika 10 pa3nuuHbiX KOHPUTYpaLui
Kackaga Xaapa. Pe3ynpTaT paboThl HaumydIero u3 HuX Bel MOkeTe BUIETh Ha

pHuc.
|87 Face_detection = O X

Puc. 7 Pe3ynbrat paboThl IpOrpaMmbl



3. BeIBOIBI

PesynpTaTom Moeit HayqHOM paOboTHI CTajla IporpamMma, MO3BOJIIONIAs HaXOAUTh
JUIIa KaK Ha n300pakKeHUH, TaK M Ha BUCO, B YCIIOBUSX €TI0 MMOTOKOBOTO
uccienoBanust (BpeMs paboThl MPOrpaMMbl 0KOJIO 70 MUJUTHCEKYH/I, UTO C
JIETKOCTBIO MO3BOJISIET AHAIM3UPOBATH BUACOPS IJIsl MOMCKA JIUI] U X
JanpHenIe oopadboTku). S cMor co3aTh HEOOXOIUMYIO IS O0ydYeHuUs 0azy
JAHHBIX, TPAMOTHO UX Pa3METUTh U MOJIaTh Ha BXOJ KacKaJoB Xaapa C LEJbI0 ero
nanbHeiero ooyuenus. Takke MHOIO HallMCcaHa MporpamMMa JJis aHalu3a
MOTOKOBOT'O BUICOPsiAa C PpOHTATBLHON KaMephl HOYTOYKa WM JIF0OOH Apyrou
KaMmepsl. JlanpHelee HanmpaBiieHne MOel paboThl — 00yUYEeHHE KacKal0B Xaapa,
JUTSL IACHTH(UKAIMYA HAIMOHATBHOCTH, TI0JIa ¥ IPUMEPHOTO BO3PaCTa.
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[MPMJIOXXEHMUE 1

#include "main_functions.h"

void detectAndDraw(Mat& img, CascadeClassifier& cascade, double scale, bool tryflip)
{

doublet=0;

vector<Rect> faces, faces?2;

Mat gray, smallimg;

cvtColor(img, gray, COLOR_BGR2GRAY);
double fx =1/ scale;

resize(gray, smallimg, Size(), fx, fx, INTER_LINEAR_EXACT);
equalizeHist(smallimg, smallimg);
t = (double)getTickCount();
cascade.detectMultiScale(smalllmg, faces,
1.1,2,0
I/|ICASCADE_FIND_BIGGEST_OBJECT
I[|/CASCADE_DO_ROUGH_SEARCH
| CASCADE_SCALE_IMAGE,
Size(30, 30));
if (tryflip)
{

flip(smallimg, smalllmg, 1);
cascade.detectMultiScale(smalllmg, faces2,
1.1,2,0
//|ICASCADE_FIND_BIGGEST_OBJECT
//|CASCADE_DO_ROUGH_SEARCH
| CASCADE_SCALE_IMAGE,
Size(30, 30));
for (vector<Rect>::const_iterator r = faces2.begin(); r != faces2.end(); ++r)
{
faces.push_back(Rect(smalllmg.cols - r->x - r->width, r->y, r->width, r-
>height));

}

t = (double)getTickCount() - t;
printf("detection time = %g ms\n"”, t * 1000 / getTickFrequency());
for (size_ti =0; i < faces.size(); i++)
{
Rect r = faces[i];
Mat smallimgROl,
vector<Rect> nestedObjects;
Point center, ptl, pt2;
Scalar color = Scalar(0, 0, 255);
int radius;
double aspect_ratio = (double)r.width / r.height;
if (0.75 < aspect_ratio && aspect_ratio < 1.3)
{



center.x = cvRound((r.x + r.width*0.5)*scale);
center.y = cvRound((r.y + r.height*0.5)*scale);
radius = cvRound((r.width + r.height)*0.25*scale);
ptl.x = center.x - radius;

ptl.y = center.y - radius;

pt2.x = center.x + radius;

pt2.y = center.y + radius;

rectangle(img, ptl, pt2, color, 3, 8, 0);

/[circle(img, center, radius, color, 3, 8, 0);

else
rectangle(img, Point(cvRound(r.x*scale), cvRound(r.y*scale)),

Point(cvRound((r.x + r.width - 1)*scale), cvRound((r.y + r.height -
1)*scale)),

¥

imshow("Face_detection"”, img);

color, 3, 8, 0);



[MPMJIOXXEHUE 2

#ifndef main_functions_H
#define main_functions_H

#include <iostream>

#include <string>

#include <iomanip>

#include <sstream>

#include <opencv2/opencv.hpp>
#include <opencv2/core.hpp>
#include <opencv2/imgcodecs.hpp>
#include <opencv2/highgui.hpp>
#include <opencv2/calib3d.hpp>
#include <opencv2/imgproc.hpp>
#include <opencv2/objdetect.hpp>
#include <opencv2/videoio.hpp>
#include <Windows.h>

using namespace cv;
using namespace std;

void detectAndDraw(Mat& img, CascadeClassifier& cascade, double scale, bool tryflip);

#endif



[MPMJIOXXEHMUE 3

#include "main_functions.h"

string cascadeName;
const int work = 0; // work = 0 - Pexxum o0yuenusi, work = 1 - Pesxxum paboThl CO CTaTHYHBIM
doto, work = 2 - Pexkxuim paGoThI ¢ BUIEO C KaMEPBI

int main(int argc, const char** argv)

{

Mat image;

bool tryflip;

CascadeClassifier cascade;

double scale;

cv::CommandLineParser parser(argc, argv,
"{cascade|data/haarcascades/cascade_webcam.xml|}"

"{scale|1|}{try-flip||}{@filename||}"

cascadeName = parser.get<string>("cascade");
scale = parser.get<double>("scale");
if (scale < 1)
scale = 1;
tryflip = parser.has("try-flip");
// TIpoBepka Ha OMINOKU
if (Iparser.check())
{
parser.printErrors();
return O;

if ('cascade.load(samples::findFile(cascadeName)))

{
cerr << "ERROR: Could not load classifier cascade" << endl;
return -1;

}

Il Pexxum paboTh

switch (work)

{

case 0:
{
String path = "C:\\WINDOWS\\system32\\cmd.exe";
String cmd = "open"’;
String comandl = "/K cd /D D:\\learning && opencv_createsamples.exe -info

Good.dat -vec samples.vec -w 11 -h 20";

String comand2 =" && opencv_traincascade.exe -data haarcascade -vec

samples.vec -bg Bad.dat -numStages 16 -minhitrate 0.990 -maxFalseAlarmRate 0.5 -numPos
332 -numNeg 514 -w 11 -h 20 -mode ALL -precalcValBufSize 256 -precalcldxBufSize 256";

String comand = comandl + comand?;
ShellExecute(0, cmd.c_str(), path.c_str(), comand.c_str(), NULL,

SW_MINIMIZE);

break;



¥

case 1:
{
image = imread(samples::findFile("D:\group3.jpg"), IMREAD_COLOR); //
Anpec K 11000My H300paKeHHIO TOMYCTUMBIX (hopMaToB(He pabOTaCT ¢ ATHHHBIME aApECaMu)
if (image.empty())
{
cout << "Couldn'tread __.jpg" << endl;
return 1;
¥
detectAndDraw(image, cascade, scale, tryflip);
break;
}

case 2:
{
VideoCapture capture;
string inputName;
Mat frame;
inputName = parser.get<string>("@filename");
if (inputName.empty() || (isdigit(inputName[0]) && inputName.size() == 1))
{
int camera = inputName.empty() ? 0 : inputName[0Q] - '0’;
if ('capture.open(camera))
{
cout << "Capture from camera #" << camera << " didn't work" <<
endl;
return 1,
}
}
if (capture.isOpened())
{
for (;;)
{
capture >> frame;
if (frame.empty())
break;
Mat framel = frame.clone();
detectAndDraw(framel, cascade, scale, tryflip);
char ¢ = (char)waitKey(10);
if(c==27]|c=="q"||c=="Q)
break;

}
break;
}

}
waitKey(0);
return O;



