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PE®EPAT

Jumnomuas pabota cogepxur 66 c., 31 puc., 3 Tadm., 19 ucroun., 3 mpwu.

KOMIIBKOTEPHOE 3PEHHME, COPTHMPOBKA OTXOIOB, TKO,
MAILIMHHOE OBYYEHUE, HEWPOHHBIE CETHU, KIJIACCUOUKALIMA
M30BPAKEHUI, PYTORCH, OPENCYV.

Lleas paboTHI - pa3pabOTKa CUCTEMBI Ha SI3bIKE MpOrpaMMHUpoBaHus Python
JUTSl aBTOMAaTH3UPOBAHHOW KJIacCU(UKAIIMK TBEPIABIX KOMMYHAJIBHBIX OTXOJOB Ha
OCHOBE QJITOPUTMOB KOMITBIOTEPHOT'O 3PCHUS ¥ METOJOB MAIIMHHOTO O0yYEHUS

[IpoaHaM3upOBaHbl CYMIECTBYIONIME IMOAXOABI K pa3pabOTKEe CHCTEM
BHU3YaJIbHOW COPTHPOBKH W OIICHCHBI BO3MOXKHOCTH MX IMPUMCHEHUS B YCIOBHUSIX
peaTbHBIX MMPOU3BOJICTBEHHBIX JIMHUH.

[IpoBeneHo cpaBHUTENbHOE HCCien0BaHHe S(PGEKTUBHOCTH Pa3IMIHBIX
aJITOPUTMOB  KJIacCH(PUKAIIMM W OIICHCHa TOYHOCTH pPabOThl pa3pabOTaHHBIX
MOZEIICH.

Pa3pabotan u peanm3oBaH NPOrpPaMMHBIM MOAYJIb  KjIacCU(HKAIITN
n3o0paxeHuii ¢ ucrnonp3zoBanuem O6ubauorek OpenCV um PyTorch, peanuzoBanbl
aJITOPUTMBI Ha OCHOBE METOJA OIOPHBIX BEKTOPOB M CBEPTOYHBIX HEHPOHHBIX
CeTel, a TaKKe MPOBE/ICHa UX OIEHKa Ha COOCTBEHHOM JlaTaceTe.

B Hacrosimiee BpeMs aBTOMaTH3alMs IPOIIECCOB COPTUPOBKH OTXOJIOB
npuodperaeT 0coOyr 3HAUUMOCTh B YCJIOBHUSAX CTPEMUTEIIBHOTO pOCTa 00BEMOB
TKO u ycuauBaromuxcs 5KoJI0THYSCKUX TpeOoBaHMi. PerieHue 3a1aun BU3yaabHON
KJIacCU(UKAIIMA OTXOJO0B ITO3BOJISIET CYIIECTBEHHO ITOBBICUTH A()(PEKTHBHOCTH
nepepabOTKH  BTOPUYHBIX PECYpPCOB M CHU3UTh HArpy3Ky Ha ITOJIMTOHBIL.
[IpuMeHEeHHE KOMIIBIOTEPHOTO 3peHHMS JaéT BO3MOXKHOCTH aHAJIM3UPOBATH
n300pakeHuss OOBEKTOB HA COPTUPOBOYHOM JIMHMM B pPEaJbHOM BpPEMEHHU,
ONPEACNIATh MX KAaTErOPHIO 110 BHEIIHMM Ipu3HaKaM (dopMma, I[BET, TEKCTypa) U
ABTOMAaTUYECKH HAIIPaBJISITh B COOTBETCTBYIOIIUIN KOHTEHHED WM OyHKED.

Pa3paboTanHbie pemicHUsT MOTYT OBITh IPUMEHEHBI JJI PacCIIHpEHUS
CHUCTEMBI aBTOMAaTU3UPOBAHHOM COPTUPOBKH OTXOJIOB Ha JIPYTHX
MYCOPOCOPTHPOBOYHBIX MHPEAMPHUATUAX M PETHOHAIBHBIX BETKAX KOMMYHaJIbHBIX
cyx6. MHTEerpanust MeTogoB KOMIBIOTEPHOTO 3PECHHMS M MAIMHHOTO OOyUYCHHS
MO3BOJIUT BHEAPUTH PErYISIPHBIH MOHUTOPUHI KavyeCTBa COPTHUPOBKH, MOBBICHUTH
JIOJTEO TIepepabOTKU BTOPUYHOTO CHIPhSI U CHU3UTH PACXOJIbI HA SKCILTyaTaIlUIo.



PO®EPAT

JlpimuioMHast paria 3mMsirgae 66 c., 31 man., 3 Tabim., 19 KpeIHill, 3Uz[az[aTKi.
KAMITIOTOPHAE 3POK, CAPTABAHHE AJIXOJAY, 1IKA,

MAIIILIHHAE HABYYAHHE, HEWPOHHBIS CETKI, KJIACI®IKAIIII
BEISIBAY, PYTORCH, OPENCYV.

MbTa mpartisl - pacmpaiioyka cicTaMbl Ha MOBe mparpamaBanHsi Python ans
ayTamarbIi3aBaHail ~ Kjaciikameli  IBEPABIX  KaMyHaJbHBIX  amxomay 3
BBIKAPBICTAHHEM aJlfapbITMay KaMIl'loTapHara 3pOoKy 1 MeTajay MalllbIHHara
HaBYYaHHS.

[Ipacueii anamizaBaHbl ICHYIOUBIS TMAaJbIXOABI Ja PacHpaloyki CiCTAIM
Bi3yasJlbHall capTanbli 1 amPHEHBl 1X MardybIMaciil NPBIMSHEHHS ¥ p3ajbHbIX
BBITBOPYBIX YMOBaX.

[IpaBeazena mapayHalibHae  JaciefaBaHHE  A(EKThIYHACIl  PO3HBIX
anrapelTMay Kiaciikaupll 1 alPHEHa [aKJIaJHaclpb IMpalbl paclpalaBaHbIX
MaJIDIISY.

PacnpaniaBansl i1 paasizaBaHbl IparpaMHbl MOAYJIb Kiaci(pikalbli MaTIOHKAY 3
BbIKapeicTanHeM 010113k OpenCV 1 PyTorch; paanizaBanbl anrapbITMbl HA aCHOBE
MeTaJy allOpHBIX BEKTapay 1 CBEPTOYHBIX HEMPOHHBIX CETaK, a TAKCaMa IpaBeI3eHa
1X MpaBepKa Ha YIIACHBIM JaTacalie.

VY cydacHbIX yMOBax ayTaMaThl3allblsl IpaldCcy capTalbll aaxoaay HaOblBae
acaOJiByl0 3HayHacllb Ba yMoBax IMkimiBara pocty ab’émay TKO 1 y3manHeHHs
JKaJariyHbIX MarpabaBaHHAY. BeipamdHHe 3amaubl Bi3yalbHail Kiaciikabll
aaxofay Jae MmarybiMacilb 3HauHa MaBbICIb A(EKThIYHACIh Iepanparoyki
JIpyracHbIX pacypcay 1 3HI3Ib Harpy3ky Ha mnamrodsl. [IpeIMsiHEHHE
KaMIl I0TapHara 3poKy Ja3Bajisie aHajli3aBallb BbISIBbI a0’e€KTay Ha capTaBajbHal
JiH11 ¥ p2aJIbHBIM Yace, BbI3HAYALlb 1X KaTArOPBIIO a 3HEMIHIX NpblkMeTax (dhopma,
KoJiep, (pakTypa) 1 ayTamarblyHa HAKIPOYBallb y aJlIaBeIHbI KAaHTIITHEP a00 OyHKep.

PacnpanaBanbisi pamsHHI MOTYLb ObILb BBIKAPBICTaHbl IS MAlIBIPIHHSA
CICTAMBI ayTamarbl3aBaHail capTalpll aaXxoJay Ha IHIIBIX CMeIllecapTapHbIX
NpaANpbIEeMCTBAX 1 PATISHAIBHBIX MAApa3A3sJEHHSAX KaMYyHAJIBHBIX CIYyX0ay.
[HTArpankls MeTagay KaMil loTapHara 3poKy 1 MalllbIHHara HaBy4YaHHs Ja3BOJILb
yKapaHilp paryisipHbl MAHITOPBIHT SKACI{l CapTallbli, HaBbICIIb IOJIIO TEPanpaLioyKi
JpyracHail ChIpaBiHbI 1 3HI311b BBIAATKI Ha SKCILTyaTallbIIo.
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The aim of the diploma project is to develop a Python-based system for the
automated classification of municipal solid waste using computer vision algorithms
and machine learning methods.

Existing approaches to the development of visual sorting systems have been
analyzed, and their applicability in real industrial lines has been evaluated.

A comparative study of the effectiveness of various classification algorithms
has been carried out, and the accuracy of the developed models has been assessed.

An image classification module has been designed and implemented using the
OpenCV and PyTorch libraries; algorithms based on Support Vector Machines and
Convolutional Neural Networks have been developed and tested on a proprietary
dataset.

At present, the automation of waste-sorting processes has become critically
important in the context of rapidly growing volumes of MSW and increasingly
stringent environmental requirements. Solving the problem of visual waste
classification makes it possible to significantly improve the efficiency of secondary
resource recovery and reduce the load on landfills. Computer vision enables real-
time analysis of items on a sorting line, determination of their category by external
features (shape, color, texture), and automatic routing to the appropriate container or
bin.

The developed solutions can be applied to expand automated waste-sorting
systems at other recycling facilities and regional branches of municipal services.
Integrating computer vision and machine learning methods will allow for routine
monitoring of sorting quality, increase the share of recycled materials, and reduce
operating costs.



