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BBEJIEHUE

B mHactosimee Bpems cCylIecTByeT 3ajada COPTHUPOBKH Pa3HOPOHBIX
00BEKTOB TEXHHYECKHUMH CPEICTBAMH, MCTOJB3YIOIMIMMH PAa3IMYHBIE CEHCOPHI U
nporpaMMmbl  00pabOTKKM mojydaemMoil uH(popmaruu. OnpHoi w3 oOjacTei
PUMEHEHUS JaHHOW TEXHOJIOTHH SIBJISICTCS COPTUPOBKA MyCOpa.

Jlannass Tema Oblla BhIOpaHa BBHUAY BO3pACTaHUsS BaXKHOCTH NpoOIIEeM
OKOJIOTUM W OTPAHWYEHHOCTH pecypcoB. YacTh 3THX MpoOieM pemraercs ¢
MOMOIIBIO TEXHOJOTHH TmepepaboTKu 0TX0A0B. OCOOEHHO ClEAyeT BBIACIUTH
TPYJIHOCTH C COPTUPOBKOM OTXO/IOB.

[IpoGnema skojoruu U mMepepabOTKH Mycopa OCTPO CTOMT B OOIIECTBE.
[TorpebHOCTh B IEpepabOTKe Mycopa M OTXOJ0B BO3PACTAET C KaXKIABIM TOJIOM.

YuuteiBas (HakT, 4TO YEIOBEK YXKE MPOU3BOAUT MaTepuajbl, KOTOPHIE B
MPUPOJIE MOTYT pasznararbes 10 150 JeT, BOmpoc MX BTOPUYHOTO HCIIONH30BAHUS

nocJje nepepaboTKu CTAaHOBHUTCS Bee Oosiee M 0ojiee aKTyaaIbHBIM.



VCCJIEJOBAHUE B ITPEAMETHOM OBJIACTU

UckycctBennble  Hedponnble cetu (MHC) npencrasnsior  coboi
MaTeMaTHYECKYI0 MOJIEIIb, a TAKXKE €€ MPOrpaMMHOE WJIM allapaTHOE BOILJIOIIEHHUE.
[TpunHIun NOCTPOCHHUS OCHOBaH Ha OpraHu3aluu u
(GYHKIMOHUPOBAHUS OMOJIOTMUECKUX HEUPOHHBIX CETeH, KOTOpble OOBIYHO
aCCOILIMMPYIOTCS C TpolieccaMu ueiaoBeueckoro mosra [3]. MHC npexacrasisieTcs B
BUJIC CHCTEMbl CBSI3AHHBIX M B3aMMOJEHCTBYIOIIMX MEXAYy CO0O0Ml IMpoleccopoB
(HEHpOHOB).

PazBuTtne anmapara HMCKYCCTBEHHBIX HEUPOHHBIX CETEH  IMO3BOJISIET
IPUMEHSATh MX TOBCEMECTHO, HE OTPaHUYMBAsICh OJAHOW KaKOH-IMOO 00JacThIO.
Onnako, Ha manHeld MomeHT, MHC He cmocoOHBI OXBAaTUTH BcE€ OOJACTH H
MPEUMYIECTBEHHO PEIIAOT JIUIb OAWH THUIl 337a4d, Ha KOTOPbIA OHU OOYyYEHBI.
[TomrMO 3TOrO, OCTAETCS €1Ie MHOXKECTBO Cep ACSITEIbHOCTH YeIOBEKA, IJI€ CETU
HE pacKpbUIM BECh CBOM IMOTEHIHAT U HE UMEIOT IIMPOKOrO PACHPOCTPAHEHUSI.
OnHoM u3 Tako¥ 00NacTH SIBJISIETCS] COPTUPOBKA MycCOpa.

CornacHO CTarTUCTUYECKUM JaHHBIM, OJWH YEJIIOBEK B TEYEHHE CYTOK
MPOU3BOJUT OKOJIO 3-5 MUTpoB Mycopa. B Mecsil 3ToT o0bem coctasisieT a0 120
JuTpoB, a 3a roa 15000 nutpoB. B MacimiTadax miaaHeThl 3TH MMOKa3aTEIU SBIISIIOTCS
OTPOMHBIMU.

OueBuaHO, 4YTO mMepepaboTKa HE0OXOoAMMa, HO IVIaBHAs 3ajladya W OHA XKe
IJaBHasl CJIOKHOCTh TMEepepadOTKH OTXOAOB SIBIETCA COPTHPOBKAa Mycopa. B
JAHHOM CJIy4ae MJIET peuyb O IPEIBAPUTEIBHON COPTUPOBKE HA COOTBETCTBYIOILNE
kareropuu [1].

MoxHO cKka3arb, 4TO IMOCJE cOOpa OTXOAOB MPEABAPUTENIbHASI COPTUPOBKA
Ipe/ICTaBIsAeT COOOM MEePBUYHBIN ATall NEPEPadOTKH.

B Hacrosimiee Bpemsi MycoporepepadarbIBaOlIMe 3aBOAbI  HUCIONb3YIOT
poOOTU3MPOBAaHHBIE COPTUPOBOYHBIE YCTAHOBKM W TEXHOJOTHUHU PACHO3HABAHMS
OOBEKTOB JIJIsl OMPEEICHUS TUIIOB OTXO/IOB U UX COPTHUPOBKH.

bnaromaps TexHomoruu ryOmHHOTO 00y4eHus [4] poOOTHI-COPTUPOBIIMKH

HCIIOJIB3YIOT CIICOHUAJIBHYIO CHCTCMY MAIIMHHOI'O 3PpCHHA I PACIIO3HABAHHUA



MaTepUaJIOB, HWCKYCCTBEHHBIH HMHTEIUIEKT — JUIA OINPEHCIICHUs] THUIA Ka)JJI0ro
MaTepuaia U MaHUNYISATOp — JJiA BbIOOpa OMNpeneneHHoro Tuma orxofoB. Ilo
MHeHMI0 Tomaca bpykca, nupexropa mo TexHojorusm kommnannu BHS, koropas
POU3ZBOJIUT POOOTU3MPOBAHHBIX COPTUPOBIIMKOB OTX0M0B Max-Al, nannas
TEXHOJOTUSl WMIPAeT Ba)XXHYIO pOJIb B MPOILECCE IOBBIIIEHUS PEHTA0EIbHOCTU
nepepadaThIBAFOIIUX CUCTEM.

B Hacrosimee Bpems poOoTusupoBaHHbie coptupoBmiukd AMP Robotics
UCIIONIB3YIOTCS HanpuMmep, Ha 3aBone AlpineRecycling [5].

IToMuMO 3TOrO, CyIIECTBYET €IIE OJIHA KOMITAHMSI, KOTOpast IpejIaraeT CBOe
pobotu3upoBaHHoe pemeHue — ZenRobotics [9].

OTH yCOBEPIIEHCTBOBAHHBIE COPTUPOBILIMKHN MCHOIb3YIOT TO K€ MAIIMHHOE
3pEHHE, KOTOPOE UCIOJNb3YyIOT CHUCTEMbl ABTOMAaTH3allMM IPOU3BOICTBEHHBIX
IPOLIECCOB, HAPUMED, ISl U3TOTOBIEHHSI MUKpOocxeM. OTHAKO OTETUTh OyMary ot
IUTACTUKA MOXET OBITh HE TaK MPOCTO, KaK KayKeTCsl.

Takass cucrema copTtupoBkd »d>(dekTuBHa TMpu padoTe ¢  XOPOUIOo
YHOPSAJOYEHHBIMU  OTXOJaMH, OJHAKO OTXOAbl B LEHTpax mepepaboTKu
MPEJICTABIIAIOT COOOM Ky4H IMEepeMENIaHHOTO Mycopa Ja)ke MOCiIe MEXaHHUYeCKOU
COPTUPOBKH.

Jljis TOro 4yTOOBI CHUCTEMAa CMOIVIa OTJCIUTh KAPTOHHYIO KOPOOKY OT CMSITOU
KOHCEPBHOW 0aHKH, KOTOPHIE MOSIBIISIIOTCS B PA3HBIX MECTaX KOHBEWepa U B Pa3HbIX
MOJIOKEHUSIX, HEOOXOAUMO CO37aTh OOJNBIION PENPE3eHTAaTUBHBIA HAOOP TaHHBIX.

HecmoTpss Ha TO, YTO MCKYCCTBEHHBIM MHTEIUIEKT TOJBKO HEIABHO Hayall
UCIIOJIb30BAThCS 11 COPTHUPOBKM OTXOAOB, MPUBEPKEHIBI 3TOM TEXHOJOTUU
YBEPEHBL, UTO OH MOXKET HAWTHU MHOXECTBO JIPYTUX MPUMEHEHUN TOMUMO KOHTPOJIS
KadecTBa. MycopornepepadarbIBalolIye 3aBO/IbI MPEACTABISIOT COO0U JIaOUPUHTHI
KOHBEHEPOB M CHUCTEM COPTUPOBKH, pabOTAIOIIUX IO CXEeMe, LEeJb KOTOPOu
MaKCUMaJIbHO 3 (EKTUBHO pacTpeiesTh HOCTYNAOLINE OTXO/IbI B 3aBUCHUMOCTH OT
WX TUIIOB.

Hcnonb3oBaHuEe JaHHOW TEXHOJOIMM B OyaylIeM MOXXET 3HAUYUTEIbHO

MOBBICUTH A((HEKTUBHOCTH U PEHTA0ETFHOCTh MyCOpOTIepepadaThIBAIOIINX 3aBOIOB.



[MPEJJJIATAEMOE PEILIEHUE

[TockonbKy co34aHUE TOJTHOLICHHOW HEHPOHHOM CeTH, KoTopas OyneT
CrocoOHa CpPaBHUTHCS WIM JaXe TMPEB30MTH CYyIIECTBYIOIIME CKOPOCTHBIC
napaMeTpbl TOTOBBIX HEMPOHHBIX CETeM — 3ajaua MHOTOJETHEH pa3paboTku B
o0nacTi MaTeMaTuKd, KOTopas, B JaHHBIH MOMEHT, HE ONpAaBIAcT BIIOKCHHBIC
yeunus. Mcxons U3 BBINIECKA3aHHOTO, IiesiecooOpa3Hee I0JIb30BaThCsl  YKe
rOTOBBIMU OMOTMOTEKaAMHU.

B kauectBe si3pika mporpamMMupoBaHus ObLT BeIOpaH Python, mockonbky oH
o0JaaeT psJIOM IMPEUMYIIECTB U UMEET OOIMPHYIO KOJUICKIINIO OMOIMOTEK s
Hallle| 3a/1a4u.

B mnacrosiiiee BpeMs CyHIECTBYET HECKOJIbKO KpYHHBIX OHOIMOTEK U
IPOrpaMMHOr0 00OecreyeHusl, KOTOPble MOYKHO HCIIOJIb30BaTh IS JaJIbHEUIIEro
MOCTPOEHHUSI MOZEIIN:

e ImageAl — sro Oubmmorexa Python, co3mannas mis TOro, 4roObl aaTh
BO3MOXKHOCTh ~ pa3pa0OTYMKaM, HCCJIEAOBaTeIsIM M CTYIEHTaM CO3/1aBaTh
NPUIIOKEHHUSI U CUCTEMBl C aBTOHOMHBIMH BO3MOXKHOCTsAMH Deep Learning u
Computer Vision ¢ HUCHOJb30BaHHEM TMPOCTOTO W HEOOIBIIOTO KOJUYECTBA
kona. [IpenocTaBisieT 04eHb MOIIHBIE, HO TIPOCTHIE B UCIOIB30BAHUM KJIACCHI JIJIs
00y4eHHsI CaMbIX COBPEMEHHBIX aJITOPUTMOB IITyOOKOTO 00y4eHus [7].

e OpenCV (Open Source Computer Vision Library) — Oubnuoreka
IPOrpaMMHOT0 00eCIIeYeHHUs JIIsl KOMITbIOTEPHOTO 3pEHUS U MAITUHHOTO O0y4YeHUs
C OTKPBITBIM HCXOAHBIM KogoM. OpenCV 0b1n co3nman anis obecriedeHus oOIen
UHOPACTPYKTYPbl AJI MPHIOKEHUN KOMIBIOTEPHOTO 3pEHMSI M ISl YCKOPEHUs
UCIIOJIb30BaHMSI MAIIIMHHOTO BOCTIPHUSITHS B KOMMEPYECKHX MPOoAyKTax [8].

e Cumynstop pooora V-REP ¢ unrerpupoBanHoii cpefoii pa3paboTKu OCHOBaH
Ha paclpeieseHHON apXUTEKType YIpaBIEHUS: KaKIbld OObEKT / MOAEIb MOXET
WHIMBUIYAJIbHO YIPABISTHCS C MOMOIIbIO BCTPOEHHOIO CKPHIITA, TUIATMHA, y3Ja
ROS wmu BlueZero, ynanennoro knuenta API nnu monp3oBarenbckoro naTepderica,
pemenusi. Ito aenaetr V-REP ouenb yHHBEpCAIbHBIM U UEATBHO MOIXOASIIAM JJIs

IPUMEHEHUS C HECKOJIBKUMU poboTaMu. KoHTposiepsl MOryT ObITh Hanucanbl Ha C



/ C ++, Python, Java, Lua, Matlab unu Octave [6]. Takxe maHHOE€ IPOrpaMMHOE
obecrieueHue UMeeT (N18113% %) OMOIMOTEKY C pa3zHoo0pa3HbIMU
pOOOTHU3UPOBAHHBIMH ~ MOJICTISIMU, MAHWITYJIATOPAMH, YHIIAMH, CEHCOpPAMH.
JIOTIOTHUTEIIBHO MMEETCS BO3MOXKHOCTh HMMIIOPTHPOBAHUS OOBEKTOB W3 APYTHX

uctouyHukoB. [Ipumep unTepdeiica n300pakeH Ha pucyHke 1.
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Pucynok 1 — UnTepdeiic V-rep

PaccmoTpeB cymecTByromue pemennst U IpOTOTHUIIBI, @ TAKKE BO3ZMOKHOCTH
POrPaMMHBIX CPEACTB, MOKHO CJEJIaTh HECKOJIbKO BBIBOJIOB, YTOOBI BBIACIUTH
ob11ee u pa3paboTath COOCTBEHHYIO KOHIIEIIIUIO.

Bo-niepBbIX, HEOOXOAMMO HCHONB30BaTh KaMephl il paclio3HaBaHUs
00bekToB. ECTh /1Ba BHJa YCTAaHOBKHU: JI0 MAHUIYJSTOPOB U HEMOCPEICTBEHHO
BO3JI€ MAHUITYJIATOPA WK HA HEM. D(P(PEKTUBHOCTh YCTAHOBKM MOYKHO YCTaHOBUTH
OIIBITHBIM ITyTEM.

Bo-BTOpBIX, B pACCMOTPEHHBIX NMPUMEPAX HCHOJIb3YETCS OOBIYHO OT OJHOM
70 Tpex «pyk». IloMHMMO KoJIMUYecTBa pa3nMyYarOTCs UX TUIl U CIOCOO YCTAHOBKU —
KapTE3UAHCKUN U TTapaJUIEIbHbBIN.

Kapre3nanckass KOHCTpyKLIMS — CaMblid MPOCTOM BapHaHT CTAllMOHAPHOU
cucteMbl. Majnoe KOJM4eCTBO IIAapHUPOB U COUWJICHEHUI 00ecreunBaeT KeCTKOCTh

KOHCTPYKIMH U BBICOKHUC ITOKA34aTCIIN TOYHOCTHU.



HenocraTkamMu gaHHON KOHCTPYKIUU SIBJSIFOTCS: HE camas yaoOHas ¢opma
00CITy’)KMBa€MOro MPOCTPAHCTBA; HU3KOE COOTHOLIEHUE OOCIY>KHBAEMOTO U
3aHUMaeMoro  poOOTOM  TPOCTPAHCTB;  OTPAHHMUYEHHOE  OPUEHTUPOBAHUE
WHCTPYMEHTA U HEBO3MOXKHOCTh pa0OThl B MECTAX C 3aTPYIHEHHBIM JOCTYIIOM.

[Intoc mapayienbHbIX MAaHUIYJIATOPOB B TOM, YTO HCHOJHUTEIBHOE 3BEHO
UMeeT KECTKOCTh, KOTOpas BO MHOIO pa3  MpPEeBBIIAET  KECTKOCTh
MOCJIEIOBATEILHOTO MAaHUMYJIATOPA, 38 CUET ITOr0 TOYHOCTh MAHUITYJIATOPA OYEHB
BbICOKA. Takke KOHCTPYKIMSI OUYEHD JIETKa 3a CYET TOTO, YTO 3BEHbsSI pabOTAIOT Ha
pacTsLKEHUE U C)KaTUE, T03ATOMY 3BE€HbSI MOTYT OBITh JIETKUMHU.

['maBHBII HEMOCTaTOK B TOM, 4YTO paboyas 30HAa U3-3a OCOOEHHOCTHU
KOHCTPYKIIMU MOKET CTAHOBUTHCSI MEHbIIIE. TakKe B MapajuieIbHOM MaHUITYJIATOPE
JBUTATENIM JIOJDKHBI palboTaTh Oe€3 OmuboK, a WHAa4Ye MOXET IPOU30UTH
3aKJIMHUBAHUE WIH JIa)Ke TO0JIOMKA MAHUITYJISITOPA.

Taxxe ctouT 00paTUTh BHUMaHKE Ha TO, YTO TAKUE TEXHOJOTUU 3HAYUTEIIbHO
YBEIMYHUBAIOT 0011y 0 3P (HEKTUBHOCTH TPEABAPUTEILHON COPTUPOBKH B CPABHEHUU
Cc pyuHbiM cmocobom. CuuTaercda, 4YTO B caMOM OiipkaiiieMm OyyIieMm,
YMEHBIIEHHBIE KOMUHU MOJ00HBIX MaIllMH OyIyT MCIOJIb30BAaTHCS MOBCEMECTHO, B
TOM YHCJIE U B OBITY, UYTO OOJIETYUT BECh ITPOLIECC NEPEPAOOTKHU U TO3BOJIUT CHUZUTD
o0rrue u3aepKKu [2].

Jlist cpaBHEHUSI BTOPOrO IyHKTa HEOOXOAUMO OyJeT MPOBECTH psij
HKCIEPUMEHTOB U OIIPOOOBATH HA JIeJie KaX/Ibli BAPHAHT, YTOOKI BRIOpaTh Hanboee
ONTUMAJIbHBINA, KOTOPBINA OyAET YIOBICTBOPATH B CKOPOCTH PabOTHI M 00yUYeHUs, a
TaK)K€ TOYHOCTU B PAaClIO3HABAaHUU OOBEKTA.

[TomMuMO 3TOrO, TIaBHBIM ACMEKTOM SIBISICTCSI HEWPOHHAs CETh, TOUHEE €€
oOyuenwue. g Toro, uroost MHC Hayuunace onpeaensrb NOAXOASIIUNA OOBEKT,
HEOOXOJMMO TMOATOTOBUTH OOMIMPHYIO 0a3y HMCXOAHBIX JAaHHBIX, Ha KOTOPBIX
TPEHUPYETCSA CeTh. MUHUMAIBHBIM 00bEeM H300pakeHUH Ha OJMH OOBEKT, B
JayuiieMm ciydae, coctapiger 1000 mTyk, a yyuThIBasi CIOXKHBIA XapakTep padoThl

uX MoTpedyercst OOobLIE.



Jlns o0yuenuss MHC 6wt Hanucan ckpunt (ITpunoxenue, Ckpunt Python
st ooyuenust MTHC).
I'maBHOM  (yHKIMEH, OT KOTOPOW 3aBUCUT THII MOJAEIHU, SBISAETCS

setModelTypeAs, ux cymiectByer 4 Tumna:

— setModelTypeAsSqueezeNet() — byHKIMS yCTaHABIUBAET TUI MOJIETH

oOyuJaroIero sK3eMIuIsipa B Moziesb SqueezeNet;

— setModelTypeAsResNet() — ¢yHkIus ycTaHaBIMBaeT THIT MOJEITH

00y4Jaromero 3K3eMInisgpa, KOTOPbIi BbI co3aanu, B Mojielib ResNet;

— setModelTypeAsInceptionV3() — pyHKIIHS yCTaHABIUBACT TUIT MOJICTTH
00y4Jaromero SK3eMIuIsIpa, KOTOPbIi BbI co3aaiu, B Moaelb InceptionV3;

— setModelTypeAsDenseNet() — QyHKIMS ycTaHAaBIMBAET THI MOJEIH
00yyJaromiero SK3eMInuIspa, KOTOPbIi BBl CO3/1aH, B Mozielb DenseNet.

OcobOenHoctn  pabOTBl W TOYHOCTM  JAHHBIX  Mojened  Oyayr
MIPOAHATU3UPOBAHBI TIOCJIE TOTO, Kak copmupyercs 6a3a maHHbXx 00bekTOB. Ha
JAHHOM JTarie, CJI0KHO JAaTh OIICHKY, TOCKOJBKY Ha TEKYIIEM dTare UCCIeI0BaHuUs
y BCEX MOJIEJIe NMEETCs CX0Kasl MOTPEIIHOCTh B paboTe.

[Tpumep pazpaboTaHHOTO CKPUIITA, [ ONPEiesieHUsI 00bEKTOB IPECTABICH

B [Tpunoxxenun (Cxpunt Python mis pacrioznanus Buzeo ¢ noMoinpo OpenCV).



3AKJIFOYEHUE

B xone BbimonHeHUs: pabOThl OBUT MPOBEJCH aHAIU3 MPEIMETHON 00acTu,
HaWICHBI MPOTPAMMHEBIE CPEJICTBA VISl TOCTPOCHHS BUPTYAIBHOTO MpoToTHNa. J{Js
TecTupoBaHusl paborocnocodHoctu ckpunta MHC Obuta oOydena Ha HEOOIBIIIOM
o0beMe TaHHBIX U CIIOCOOHA OMPELISITH OOBEKT JIUIb B HEKOTOPBIX TO3UITHA.

B Hacrosiiiee Bpemsi mpoBOAMTCS COOp JOCTATOYHOrO Mo oObemy OaHKa
JTaHHBIX I OOy4eHHUS HEHPOHHOW CEeTH, YTOOBI TOBBICUTH €€ d((HEKTUBHOCTh H
KOJTMYECTBO OOBEKTOB, KOTOPHIE OHA CMOXKET OTIPEICIISTh.

BriOpannas a1 BU3yanu3alyy IaHHOTO aliTOpUTMa Iporpamma V-rep, iMeeT
B CBOEM COCTaBe OMOIMOTEKY MOJENel pealbHBIX pOOOTOB, KOTOPHIE MOTYT OBITh

MCIIOJIb30BaHbl MPU CO3AaHUU (HU3NUECKON MOJIENU JJIsl COPTUPOBKU MycCOpa.
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[TPUJIOXXEHUE A
Ckpunr Python ans o6ydenus MHC:

from imageai.Prediction.Custom import ModelTraining
model_trainer = ModelTraining()

model trainer.setModelTypeAsResNet()

model trainer.setDataDirectory(r"D:/SomeFilesForTest/Al-dataset")
model trainer.trainModel(num_objects=2,num_experiments=2,

batch size=32, show network summary=True)

Cxpunt Python ans pacniosnanus Bueo ¢ nomoripio OpenCV:
from imutils.video import VideoStream

from imutils.video import FPS

import numpy as np

import argparse

import imutils

import time

import cv2

ap = argparse.ArgumentParser()

nn

ap.add argument("-p", "--prototxt", required=True,

help="path to Caffe 'deploy' prototxt file")

"nn

ap.add argument("-m", "--model", required=True,

—n

help="path to Caffe pre-trained model")

ap.add argument("-c", "--confidence", type=float, default=0.2,
help="minimum probability to filter weak detections")

args = vars(ap.parse_args())

CLASSES = ["bottle", "cup", "person "]

COLORS = np.random.uniform(0, 255, size=(len(CLASSES), 3))

print("[INFO] loading model...")



net =  cv2.dnn.readNetFromCaffe('MobileNetSSD deploy.prototxt.txt',
'MobileNetSSD _deploy.caffemodel’)
print("[INFO] starting video stream...")
vs = VideoStream(src=0).start()
time.sleep(2.0)
fps = FPS().start()
while True:
frame = vs.read()
frame = imutils.resize(frame, width=400)
(h, w) = frame.shape[:2]
blob = cv2.dnn.blobFromImage(cv2.resize(frame, (300, 300)),
0.007843, (300, 300), 127.5)
net.setInput(blob)
detections = net.forward()
for 1 in np.arange(0, detections.shape[2]):

confidence = detections[0, 0, i, 2]

if confidence > args["confidence"]:

1dx = int(detections[0, 0, 1, 1])

box = detections[0, 0, 1, 3:7] * np.array([w, h, w, h])

(startX, startY, endX, endY) = box.astype("int")

label = "{}: {:.2f}%".format(CLASSES[idx],
confidence * 100)

cv2.rectangle(frame, (startX, startY), (endX, endY),

COLORSJidx], 2)
y = startY - 15 if startY - 15> 15 else startY + 15
cv2.putText(frame, label, (startX, y),
cv2.FONT HERSHEY SIMPLEX, 0.5, COLORSJ[idx], 2)

cv2.imshow("Frame", frame)

key = cv2.waitKey(1) & 0xFF



if key == ord("q"):
break

fps.update()
fps.stop()
print("[INFO] elapsed time: {:.2f}".format(fps.elapsed()))
print("[INFO] approx. FPS: {:.2f}".format(fps.fps()))
cv2.destroyAllWindows()
vs.stop()



	ВВЕДЕНИЕ
	ИССЛЕДОВАНИЕ В ПРЕДМЕТНОЙ ОБЛАСТИ
	ПРЕДЛАГАЕМОЕ РЕШЕНИЕ
	ЗАКЛЮЧЕНИЕ
	СПИСОК ЛИТЕРАТУРЫ
	ПРИЛОЖЕНИЕ А

