BEJIOPYCCKUI I'OCYJIAPCTBEHHBIVI YHUBEPCUTET

OAKVJIBTET MPUKJIAJHOM MATEMATUKIN 11 TH®OPMATUKNI

KA®E/IPA KOMITBIOTEPHBIX TEXHOJIOTU I CUCTEM

AnHoTaIus K IUILIOMHOI pabore

ITpumenenue riiy0boKux HEPOHHBIX ceTell B 3ajiladaX KOMITbIOTEPHOTO
3peHus

Kpasuens /lapra JImurpuesna

Hayunsrit pykoBoauTesib - gouenT Kadenpbl KTC, kanauaar ¢pus.-MaT. HayK
[Tummayk Jlogmuia AxjipeeBHa

Munck, 2021



OI'VIABJIEHUE



PEDOEPAT

Hunniomuass pabora: 51 c., 30 puc., 4 Tadbsuipl, 13 NCTOUHUKOB.

Karouesbie caoBa: KOMIIbBIOTEPHOE S3PEHINE, TEOPUA PACITIO3HA-
BAHISA OBPA30OB, UICKYCCTBEHHASA HEMPOHHAYA CETh, AETEKIINA
OB'bEKTOB HA NBOBPAZKEHUU, KTTACCUOUNKAINA OB bEKTOB HA U30b-
PAYKEHIU, CBEPTOYHBIE HEMIPOHHBIE CETU, DENSENET, FASTER R-
CNN, MASK R-CNN.

OOGBbEKTHI UCCJIEIOBAHUS - METOJIbI 1 TI0/IX0/IbI PEIIEeHUsT 3a/1a9 KOMIIbIOTEPHO-
I'o 3pEHUs, B YACTHOCTU B cpepe pOZHUIHON TOPTOBJIN.

ITpeamer mcciiemoBaHMst - 0COOEHHOCTU CYINECTBYIONINX aJIlOPUTMOB U Me-
TOJOB PeNIeHns 3aJad KOMIILIOTEPHOI'O 3peHns U UX yMECTHOCTH W aKTyaJbHOCTH B
KOHTEKCTEe PAacCMaTPUBAEMONl 3a/1a1u.

MeToabl ncciea0BaHUA:

1. Teopermdeckne: n3ydenne JUTEPATYPHI, COOTBETCTBYIOIIEH TeMe paboThI;

2. IIpakTndeckue: 00600IIEHNE M3YUYEHHBIX MATEPUAJIOB, pa3padbOTKa U CpaBHU-
TeJILHBIN aHAJII3 aJrOPUTMOB, 0000IIeHne pa3pabOTAHHBIX AJTOPUTMOB, OIEHKa, pas-
paboTaHHOIl CUCTEMBI.

IHeap paboThI - pazpaboTka aropuTMa pelieHus 3a/1a91 KOMITBIOTEPHOTO 3pEHU s
Ha TpUMepe paclo3HaABaHNs TOPTOBOH MPOTYKIINN.

Sagaun:

1. I3yunTh cyIiecTBYIONe METO/IBI U TIOIXO/IbI MAITHHHOTO 00y YeHNs B PEICHIH
331849 KOMITBIOTEPHOI'O 3PEHNT;

2. NI3yunTh TpUHIUILI pabOTHl HEHPOHHBIN ceTeil JI pelieHns 3a/laul Pacio-
3HABAHUS 00PA30B;

3. PeanuzoBaTh crucremy aJIrOPUTMOB PACIIO3HABAHWS TOPTOBON MPOJTYKITUN HA
npuMepe 0e3aTKOTOJIbHBIX HAIUTKOB € MOMOIIBI0O METOJ0B MAITNHHOTO OOyYeHWT U
r1yOOKUX HEHPOHHBIX CeTeil;

4. Ilpoanamn3mpoBaTh TEKyIee KaueCTBO pa3pabOTaHHONW CUCTEMBI;

5. Pazpabotars n peam3oBaTh aJropuTMBbl, TOBBIIIAIONITE KAYECTBO pabOThI pas3-
paboTaHHON CHCTEMbI paclo3HABAHUS C yIETOM OCOOEHHOCTEH MCXOIHBIX JTAHHbBIX;

6. OObeIMHUTD aJrOPUTMbBI 1 pa3pabOTaTh CUCTEMY JIJIsl PACIIO3HABAHUSI TOPTO-
BOIT IIPOJIYKITNH.

Ob6sacTu TIpUMEHEHUS - aTOMATU3allis MPOBEPKU KOPPEKTHOCTU BBIKJIA KM
TOBApPOB HA TEPPUTOPUU TOPTOBBIX OOBEKTOB JJI KPYIHBIX ceTeil PO yKTOBBIX KOM-
[TaHnii.

Ilonyyennbie pe3yibTaThl:

1. N3ydennl uTepaTypHble HCTOTHUKH 10 33JaHHOI TeMe U MPOW3BE/ICH aHa N3
CYIIIECTBYIONINX METOJOB PEIleHNsd 3a/1ad KOMITBIOTEPHOIO 3PEHMNT;
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2. PeanmmzoBana cucreMa paclio3HaBaHusl 00pPa30B Ha OCHOBE HEHPOHHBIX ceTeil ¢
IIOMOIIIBIO TOTOBOIO JlaTaceTa, COJIepKallero 6€3aIKoOroIbHble HAITUTKI;

3. Ilpousseyien anajn3 MoJydeHHBIX PE3YJIbTATOB, B X0J/le KOTOPOTO BBIOpaH aJi-
TOPUTM C JIYYIIIIM KadecTBOM U IIPOTECTUPOBAH Ha BPYYHYIO COOPAHHBIX JAHHBIX;

4. ITpousBejieHo yirydinenne pa3padOTaHHON CUCTEMBI.



POOEPAT

Hpimnomuast miparia: 51 crap., 30 man., 4 tad., 13 KpbIHiI.

KimouaBrris ciaosbl: KAMIT'FOTAPHBI 3POK, TOOPBIA PACITASHABAH-
HS BOBPA3BAY, HITYYHAS HEMTPOHABAS CETKA, I9TAOKIBIA AB’EKTAY
HA MAJIFOHKAX, KJTACI®IKALIBISA AB’EKTAY HA MAJTIOHKAX, 3BEPTAY-
HbISd HEMPOHABBIA CETKI, DENSENET, FASTER R-CNN, MASK R-CNN.

AOG’eKTHI macjiegaBaHHi - MeTa/ bl 1 11a/IbIX0/Ibl PAIIIHHSA 3a/iad KaMIlyTapHara
rJIe/PKaHHs, Y MPBIBATHACII ¥ cepbl po3HIYHATA TaH]ITIO.

ITpagmeTr maciemaBaHHsA - acabJiBacii iCHYIOUBIX MeTaJiay pPalldHHs 3a/1ad
KaMIlyTapHara rJjiejzKaHHs 1 1X [pblJIaTHACIb 1 aKTyaJibHACIh ¥ KaHTIKCIE paslJis/jia-
Hail 3a/1a4bl.

Metanabl gacjeJaBaHHI:

1. THapbITBIYHBIA: BBIBYUYSHHE JITAPATYPHI, dKasd ajllaBsdiae ToMe PadOThI;

2. [IpakThIaHblst: abary/JbHEeHHE BbIBYUaHbIX MaTIPhIsLIay, pacipaloyka i mapay-
HaJIbHBI aHaJ i3 aJarapbITMay, abary/ibHeHHE paclipaliaBaHblX ajJrapbITMay, aI3HaKa Pac-
nparaBaHail CiICTIMBL.

Mb>Ta paboThI - pacipalioyKa aropuT™a PallldHHs 3a/1a9bl KaMIT I0TIPHAra Iyie-
JIZKaHH¢ Ha TPbIKJIaJi3e paclia3HaBaHHs TaHIeéBall paJlyKIlbIi.

3aJaubl:

1. BoIByubIlb icHYI09BIA METAIBI 1 A ILIXO/IbI MAaIIbIHHATA HABYIAHHS ¥ penlenn-
n3aJiad KaMIl FoT9pHAra 3pEHMST;

2. BbIByubIllb TPBIHIBIIGI [Tpallbl HEHPOHABBLI CETaK JIJId BBIPAIISIHHA 3a/a4bl
PACIIO-3naBanns Bobpasay:;

3. PrajizaBalb cicToMy ajirapblTMay paclasHaBaHHsI MaHIEBAl MpayKIlbl Ha-
MPBIKJIa]] Oe3a/IKATOTLHBIX HATIOAY 3 JaraMorail MeTa iay MaliblHHAra HABY YaHHA UTTY-
OOKIX HEPOHABBIX CETAK;

4. TTpaanaizaBallb OATYYbI IKACIL paclipalaBaHaii CUCTEMBI;

5. Pacnpamapainpb 1 paaJizaBallb aJrapbITMbI, sKisl HaBbIIIAIONb SIKACIH ITPAIlbI
pas-Tipailrye cicTaMa paclia3HaHHS 3 YJIIKaM acadJIiBacIsy 3bIXOHBIX JAHBIX;

6. AO’saHaIb aJrapbITMBI 1 pacipalaBallb CiICTIMY JIJIs pacla3sHaHHs TaHJIEBai
PpaJIyKIIbII.

Bob6saacni npbIMSHEHHS - ajTaMaTbi3allblsd MPaBepPKi KapIKTHACIT BBIK/IA/IKI
TaBapay Ha TIPBITOPBI TaHJJIEBBIX ab’'eKTay id OYIHBIX ceTaK IpPajyKTOBBIX KaM-
TaHiii.

ATpbIMaHBISI BBIHIKI:

1. BoiBygannl jiitapaTypHbId KPBIHIIBI T8 3a/1a/13¢Hail T9Me 1 BhIpadJIeHbl anaJIi3
ICHYIOUBIX MeTaJiay palIdHHsI 3a/a4d KaMIl IoTIpHara e KaHHs;

2. PrajizaBanasi cictoMa paciasHaBaHHsI BOOpa3ay Ha acHOBE HEfIpOHABBIX CeTaK
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3 JallaMoraii rarosara jgaraceTa, siKi 3Msilidae 0e3a/KarobHbIs Halloi;

3. 3pobiieHbl aHAJI3 aTPbIMAHBIX BBIHIKAY, MMajdac sikora aOpaHbl ajarapbITM 3
JIEIIIIBIM SIKACIIIO 1 IIPaTdCTaBaHbl Ha YPYUYHYIO cabpaHbIX J1a/I3€HbIX;

4. BripabJjieHa naJIsIIIIDHHEE paclpaliaBaHail cicTIMbI.



ABSTRACT

Diploma thesis: 51 pages, 30 figures, 4 tables, 13 sources.

Keywords: COMPUTER VISION, PATTERN RECOGNITION THEORY,
ARTIFICTAL NEURAL NETWORK, DETECTION OF OBJECTS ON THE IMAGE,
CLASSIFICATION OF OBJECTS ON THE IMAGE, CONVOLUTIONAL NEURAL
NETWORKS, DENSENET, FASTER R-CNN, MASK R-CNN.

Objects of research - methods and approaches to solving computer vision
problems, in particular in the retail trade.

Subject of research - features of existing algorithms and methods for solving
computer vision problems and their relevance and relevance in the context of the
problem under consideration

Research methods:

1. Theoretical: study of literature corresponding to the topic of the work;

2. Practical: generalization of the materials studied, development and comparative
analysis of algorithms, generalization of the developed algorithms, evaluation of the
developed system.

Purpose of work - development of an algorithm for solving the computer vision
problem using the example of trade product recognition.

Tasks:

1. To study the existing methods and approaches of machine learning in solving
computer vision problems;

2. To study the principles of neural networks for solving the problem of pattern
recognition;

3. Implement a system of algorithms for the recognition of trade products, for
example, soft drinks using machine learning methods and deep neural networks;

4. Analyze the current quality of the developed system:;

5. Develop and implement algorithms that improve the quality of the developed
recognition system, taking into account the characteristics of the initial data;

6. Combine algorithms and develop a system for recognizing trading products
(non -alcohol drinks).

Scopes - automation of checking the correctness of the display of goods on the
territory of shopping facilities for large chains of grocery companies.

Results obtained:

1. Studied literary sources on a given topic and made an analysis of existing
methods for solving computer vision problems;

2. Implemented a pattern recognition system based on neural networks using a
ready-made dataset containing non-alcohol drinks;

3. An analysis of the results obtained was carried out, during which an algorithm
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with the best quality was selected and tested on manually collected data;
4. The developed system has been improved.



