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PE®EPAT
['ymuukuii AHTOH AHApEEBHY
Anroputmsl TTyO0OKOTO 00yUeHHUs B 3a/1a4¢ oGHapyKeHHs 00 BEKTOB Ha
PEeHTTeHOBCKHX CHHMKAX
Jlunnomuas padora: 66 c., 22 puc., 3 TabiL., 17 HCTOUHHKOB.

KiawueBble cJioBa: PEHTTEHOBCKHE CHUMKMH,
KJIIACCU®UKALIMS,  BE3OIMACHOCTD, [JIYBOKOE  OBYUEHHE,
CBEPTOYHBIE HEIPOHHBIE CETH.

OGBeKT HCCTENOBAHMSI: PEHTTEHOBCKHE H300pakeHHs.

Ilenp wccienoBaHms:  MccnenoBaHHE — BO3MOXKHOCTH - IPHMCHCHIA
anroputMoB riybokoro oOydenus B 3a1a4e JICTCKTHPOBaHWsA OOBEKTOB Ha
PEHTTEHOBCKHMX CHUMKAX.

Mertoabl uccaenopanusi:  VlaTerpupoBaHus  alropHIMd rmy0oKoro
obyueHus 1id 00HapyKeHus 00BEKTOB B IMHEHKY OaraKHbIX CKaHEPOB KOMIIAHHH
AjaHu. TIpHMEHeHHe CBEPTOYHOM HelipOHHOI ceTh Ul 3a/adi 0DHApYKEHUS
pA3IMYHBIX THIOB YTPO3 HA PEHTICHOBCKHX CHIMKAX, aHAJIM3  T10yHIeHHBIX
PE3YNBTATOB /LIS OLEHKH BO3MOKHOCTH IPUMCHHMOCTH anropuTMa.

[losyueHHbIe Pe3yJbTaThl H MX HOBH3HAD B auruIoMHoi pabote ObiiK
HCCTEIOBAHBL  PA3TMUHLIC METOABI, MCHONB3YEMbIE B 3a/a4c oOHApYKEHUS
0GBEKTOB HA peHIreHOBCKHX cHuMKax. Ha ocHOBE CpaBHEHMSA OB co3aH
AJITOPUTM, HCIONIB3YIOMINH  CBEPTOUHbIE pefiponHbie ceTH Uit OOHApYKEHHA
pa3iMYHBIX THIIOB YIpo3 Ha U300paKeHUAX.

Anroput™ bl HHTErPHPOBAH B JIMHEHKY DaraxHbIX CKAHEPOB KOMIAHWH
AJZIAHM ¥ JOCTYHEH s MOKyrku, WTOTOBas TOMHOCTL OHPCACIICHHI yrpo3 Ha
cruvkax coctapmsier 0.87. TIpu MCNONB30BAHMM rPaHHuEcKOro mpoueccopa A
NapaLIeNbHBIX BBITUCICHUH CKOPOCTH oTpaboTKH aAropuT™Ma COCTABIACT ~0.08
cek. AITOpHTM YCHEIIHO HHTerpupoBaH B CHCTEMY fesonacHOCTH TyNbCKOIo
OpY/KEHHOIO 3aBOJA.

O61acTh BO3MOKHOTO MPAKTHYECKOTO NMPHMEHEHHs: aBTOMATHHCCKOE
oIpejiefieHHe yrpo3 MeTOIaMH ray6okoro o0ydeHHs Ha CHUMKaX MONYHEHHBIX
CHCTEMaMH JUTs CKaHUPOBaHus Oaraxa.



P3®EPAT
Cyainki AHTOH AHIPICBIY
AnrapeITMBl [IGI00KATa HABYYaHHS Y 3a1a4b! BLISYTICHHS a0'eKkTay Ha
PIHTIEHAYCKIX 3/IbIMKAX
Jpimomuast npaua: 66 c., 22 mad.. 3 Tab., 17 KpBIHILL

Kmouaspisi caosbi: POHTTEHAYCKIS 3/IbIMKI, KJTACIODOIKALIBIA,
BSICITEKA, T JIBIBOKAE HABVYAHHE, 3BEPTAUHbISI HEWPOHHbBIA
CETKI..

AG'eKT JacjaeaBaHHsA: PIHTTEHAYCKIsA 3ABIMKI.

Mb>Ta  jJacjelaBaHH#:  AaciieJaBaHHE MArdbiMaciil  MPBIMSHEHHS
anrapsitMay rablOOKara HaBydaHHA ¥ zajausl JOTIKTaBaHHA al'ekray Ha
POHTTEHAYCKIX 3/BIMKAX.

MeTans! 1acAeiABARHS: IHTIIPABAHHS AIrapbiTMy ribIOOKAra HaBY4ants
aist Beisyaenns ab'extay y miHeiky OarawHbIx ckaHapay kammnaHii Amasi.
NpLIMSHEHHE CKPYTKaBaii Heiiponapail CeTKi 1A 3a/adbl BhIAYICHHS PO3HBIX
THIMAY TArpo3 Ha PAHTIEHAaYCKIX 3/bIMKAX, aHalil aTphIMAHBIX BBIHIKAY /s
AUPHKI MArdbIMACIL JacTacaBajibHacll anrapbirmy.

ATpbiManbisi  BbIHIKI i iX pagizua: y IblLIOMHAI mpans  Obull
J@CTe/ARANE] PO3HBIS MeTajbl, SKif BHIKAPHICTOYBAIONIA ¥ 3aj1aubl BbIAYJICHHS
ablextay Ha POHTreHAYCKIX 3/bIMKaX. Ha acHoBe mapayHauHs Obly CTBOpaHbI
ANTapbIT™, SIKi BBIKAPBICTOYBAE CKPYTKaBBIA HEHpOHABBIsS CETKi s BbIAYICHHS
PO3HBIX THIMAY MArpo3 Ha MATIOHKAX.

AsrapeT™ Obly iHTOTpaBaHbl niHeiiky OGarakHBIX CKaHapay KaMrramii
Ajaui i JacTyiHbl U718 MaKynKi. BeiHikoBas NakiaiHacilb BbISHAUIHHI narposay
wa sapivkax ckimagae 0.87. TIpsl BHIKApBICTAHHI rpadpiunara mpampcapa s
payHaIeKHbIX BBUIYIHHAY XYTKACIlb axnpanoyki anrapeirvy ckinanae ~0.08 cex.
AJIrapbIT™ TACISIXOBA IHTOrpaBaHbl cictamy Oscrexi Tynbckara 30poesara
3aBOJ1A.

Bofaacus MardbiMara NpakTBIMHATA NPLIMSHEHHs: ayramarthliHae
BbI3HAUSHHE 1Arpo3 MeTanami ribibokara HapydaHHs HA 3ABIMKAX aTpPHIMAHBIX
cicTomami [UIs CKaHipaBaHHs Daraxy.



ESSAY
Goulitski Anton Andreevich
Deep Learning Algorithms for Object Detection in X-Ray Images
Thesis: 66 p., 22 figures, 3 tables, 17 sources.

Key words: X-RAY IMAGES, CLASSIFICATION, SAFETY, DEEP
LEARNING, CONVENTIONAL NEURAL NETWORKS.

Research object: X-ray images.

Purpose of the study: To study the possibility of using deep learning
algorithms in the problem of detecting objects on X-ray images.

Research methods: Integration of a deep learning algorithm for object
detection into the Adani line of baggage scanners. application of a convolutional
neural network for the problem of detecting various types of threats on X-ray
images, analysis of the results obtained to assess the applicability of the algorithm..

The results obtained and their novelty: in the thesis, various methods used
in the task of detecting objects on X-ray images were investigated. Based on the
comparison, an algorithm was created that uses convolutional neural networks to
detect various types of threats in images.

The algorithm has been integrated into Adani's line of baggage scanners and
is available for purchase. The final accuracy of detecting threats on images is 0.87.
When using a graphics processor for parallel computations, the algorithm
processing speed is ~ 0.08 sec. The algorithm has been successfully integrated into
the security system of the Tula Arms Factory..

The area of possible practical application: automatic detection of threats
using deep learning methods on images received by systems for scanning baggage.



