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Pedepar:

1. Cdepa KOMITIOTEPHOTO 30Py PO3BUBAETHCS HAI3BUYANHO AMHAMIYHO, OXOIIIOIOYNY Aefali MUPHINA CIIEKTP
3aCTOCYBaHb, — Bifl IPOMUCJIOBOTO KOHTPOJIIO SIKOCTi 0 cucTeM 6e3neku i MmeguuuHu. OKpeMy yBary NpuBEPTAIOTh
METOJu aHai3y 300paxeHsb B iHppauepBoHoMy (IY) Ta TeparepuoBomy (TT1L) mianasoHax, aZpke BOHU JAI0Th 3MOTY
BUSBJISITY O3HAKY, HEJOCTYIIHI 1J1s1 ONTUYHUX CUCTEM BUJIMMOTO Jialla3oHy CIEKTPa, i 3a0€311e4yI0Th BUCOKY
IIPOHMKHICTb BUIIPOMIHIOBaHHSI Yepe3 Pi3Hi MaTepiann. YTiM, y HAyKOBill JiTepaTypi 6paKye NOCiIKeHb, sKi 0
KOMIIJIEKCHO PO3KPUBAJIM aCIIeKTU AETEKTyBaHHSI i aHasi3y 00'eKTiB Ha OCHOBI faHux i3 TI'1-ckanepa, 0co611BO B
NIO€/IHAHHI 3 IVIMOVMHHUM MAalIMHHYM HaBYaHHSM. YBara Takox IpUijJieHa aBTOMaTU30BaHOMY JI€TEKTYBAaHHIO
00'eKTiB Ha 3HiMKax [Y-kamepu. Hu3bka mpocTOpoBa pO3AinbHA 30aTHICTh i puTaMaHHi TI'1-300pakeHHSIM IyMU
YCKJIQ[IHIOIOTb 3aCTOCYBaHHSI KIIACUYHUX METOJiB 06POOKH, TOXK y POOOTi PO3IJISIHYTO ITIMOMHHI HEMPOHHI Mepexi

L7151 eTeKTyBaHHs 00’ekTiB y TI'u- Ta IY-pianazonax. OkpiM TOro, IpOJieMOHCTPOBAHO METOAUKY IIiIBUILIIEHHS



IIPOCTOPOBOI PO3AiNbHOI 31aTHOCTI OTpUMaHux TT'L-3HIMKIB, 110 AOJATKOBO MiICUIIOE €(PEKTUBHICTD
3aMPONOHOBAHOTrO MiTxony. [yisi mocaiIKeHb BUKOPUCTOBYBaBC JiHidyaTuil 160-Ttn enemenTHU npumad 140 I'Tn
BUIIPOMIHIOBAHHS 3 J€TEKTOPAMM Ha OCHOBi KPEMHI€BUX I10JIbOBUX TPAH3UCTOPIB 3 1 MM KPOKOM MiX €JIEMEHTaMU
Ta BUTOTOBJIEHUX 32 350 HM iHTErpasbHOIO TEXHOJIOTIE0, O J1a€ MOXKJIMBICTD MTPALIOBATH CUCTEMI B PEXKUMI
nudpakuiiiHuX 06MeskeHb. MeTOI0 JOCiIKeHHs € aBToMaTu3auis posmnisHaBaHHsa TI'- ta [Y- 306paskeHsb 3
BHUKOPHCTaHHSIM aJITOPUTMIB HEPOHHUX MEPeX, JEMOHCTPallisl yHiBepCaJIbHOCTI MiAX0iB KOMITIOTEPHOTO 30pY 1O
TT1- ta [Y-cucrem Ta nokpaleHHs IPOCTOPOBOI po3AiibHOI 3aaTHOCTI A TT'y-cuctemu Bpaxoyou ii ¢isuyHi
BJIACTMBOCTI, IpaKTU4Ha anpoballis pe3yabTaTiB JocaimkeHHs. HaykoBa HOBM3HA OTPUMaHUX PE3YJIbTaTiB MOJISITae
B TaKOMY: Briepiie mpozieMOHCTPOBaHO aBTOMaTUYHe AeTeKTyBaHHS PisHOMaHITHUX 00’ekTiB B TI'11-niana3oHi
criekTpy Ha yacTori 0.14 TT'1 Ta B peasibHOMY MaciiTadi 4acy 3 BAKOPUCTAaHHSM aJllOPUTMIB HEMPOMEPEX
MobileNet, RCNN, YOLOVS po3po6yeHux st pob0TH y BUIMMOMY Jiana3oHi ciekrpa. TOYHICTb JeTeKTyBaHHS
(AUC-PR) o6’exTiB i3 po3mipamu >5 MM ckiazae 95.5 % B eKCriepuMeHTax 3i CKaHEPOM Ha 9aCTOTi BUITPOMIHIOBAaHHS
0.14 TT'u, puHamiyHUM fianazoHoM 35 0B Ta mBUIKICTIO KOHBeepHOi cTpiuku 200 MM /c. [TpencraBneHnii Habip
IaHux 3 926 TTy-3HiMKiB po3Mipom 800x160 nikcesiB sxkuil 6ys10 KoHBepTOBaHO B 5000 306pakeHb po3MipoM
200x160 mikcesiB 1151 3a51a4 feTeKTyBaHHS. Habip gaHuX MiCTUTh HACTYIHI 06'€KTH: MiryJIKu po3mipoM Bix 5 mo 10
MM, 3aIIaKOBaHi MiryJKy, je3a, 3anajJbHUYKY, MIJIACTUKOBI KAPTKU, MeTasleBi HOXI. [Ioka3aHO MOKIIMBOCTI 3
BHMKOPHCTaHHSI OJJHAaKOBUX aJITOPUTMIB HEIPOHHUX MEPEX Jis feTekTyBaHH4 B [4- ta TI'u-nianazoHax, mo gopmye
OCHOBY /1711 aBTOMAaTM30BaHOro 06'eqHaHHS iH(opMallii, OTpUMaHO] B IUX [ialla3oHax Ta MOIIMOJIEHOr0 aHai3y
00'eKTiB ciocTepeskeHHs. [IpopemMoHcTpoBaHo niaBuieHHs gkocTi TT'-306paxkens Ha yacToTi 0.14 TT'm 3a
IIOTIOMOTOI0 aJITOPUTMY AEeKOHBOJOLiHOTrO (PinbTpy. [IpoBeneHi ekcriepruMeHTH 110Ka3ajy, 110 3alIpOIIOHOBAHUI
aJITOPUTM 3MEHIye AudpakiifiHe po3MUTTS Ta MifcUitoe ApioHi geTtani o6'exry. ITo piBHio 0.72 Contrast Transfer
Function (CTF) meranizauis nosninmyetscs Big 0.06 nap JiHilil Ha MM y Heo6po6ieHOMY 3HIMKY 0 0.29 nap JiHiil Ha
MM IIicJIs JeKOHBOJoLiiiHOro (pinbrpa. OcobrcTuil BHECOK 31,00yBava [10J1srae B Takomy: bpas y4acTb B po3po6iii
0.14 TT'u-cxkaHepa, 30KkpeMa OyB 3aJIy4€HUH [I0 NMif00PY OKPEMUX KOMIIOHEHTIB CKaHYI0UO0i CUCTEMH, BUMipIOBaHHI
IliarpaM HaIpaBJIEHOCTI J)KepeJl BUITPOMiHIOBaHHS Ta yAOCKOHAJIEHH] KOJy IPOrpaMu 1111 OTPUMAaHHS Ta 0OpOOKU
3HIMKiB 3i ckanepa. CTBOpPEHHs Kofly [TPOrpaMu B cepeoBulli po3pobku Python ajis imnnemenTaii airoputmis
HepOHHUX MepeX. Bubip Mmoneneil HEIPOHHUX MepeX, IX TPeHyBaHHS, Baslifallis 1Jisl 3aBHAHb i3 e TEeKTYBaHHS
00'exTiB Ha 3HiMKax 3 TI'1-ckaHepa Ta IY-kamepu. [IpoBeieHHS €KCIIEPUMEHTIB 3i 300pY, PO3MITKM Ta MiATOTOBKU
HabOpy AaHMX, OTPUMaHUX 3a gonomororo TI'i-ckanepa ta I4Y-kamepu. [IpoBeieHHSI €KCIIEPUMEHTIB i3 BUMIpPiB
dyHKLiI po3Cil0BaHHS TOUKH M7 Pi3HUX IpKepeJsl Ta pO3po0Ka aIrOpuTMYy 3aCTOCYBaHHSI I€KOHBOJIIOLIMHOTO
dinbTpa 115 NOoKpallleHHs po3AinbHOi 3naTHoCTi TT'L 306pakeHs. [IpakTUyHe 3HaUeHHS1 OTPUMaHUX Pe3yJbTaTiB
NOJISITa€e y OJAJIbIIIN MOXKJIMBOCTI CTBOPEHHS CUCTEM [IJIs1 aHai3y Ta posnidHaBaHHA [Y- i TT'11-306pakeHs.
OTpumaHi pe3ysibTaT MOXYTh OYTH 3aCTOCOBaHI y IPOMHUCJIOBOMY KOHTPOJII SIKOCTI [1J151 IIBUIKOTO BUSIBJIEHHS
IeeKTiB Ta IPUXOBAHUX 00’€KTIB y TOTOBI MPOAYKLIi (HallpyKiaz BUPILIMTY IPobieMy LeTeKTYBaHHS CTOPOHHIX
HEMETaJIYHUX IIPEIMETIB); y cUCTeMax 6€3M1eKU, MUTHOTO OIJISly Ta IOLWITOBUX CJIYXKO AJ1s1 aBTOMaTU30BaHOTO
PO3Ii3HaBaHHS NOTEHLTHO HEOE3NEeYHUX IPEIMETIB Y [IOCUJIKAX Ta JIETKOMY 0araxi; B iHTErpOBAaHUX
aBTOMAaTH30BaHMX CUCTEMAax aHaJli3y [1J11 MOHITOPUHTY B peaIbHOMY Yaci K fonomMikHe mxeperio inpopmanii go

PEHTIeHiBCbKOro, iH(ppauepBOHOT0 Ta BUJMMOrO /1ialla30HiB CIIEKTPY.

2. The field of computer vision is advancing at an exceptional pace, encompassing an ever-wider range of
applications—from industrial quality control to security and medicine. Particular attention is devoted to image-
analysis methods in the infrared (IR) and terahertz (THz) spectral bands, which can reveal features invisible to
optical systems operating in the visible range and provide high radiation penetration through various materials.
Yet the scientific literature lacks studies that fully explore object detection and analysis based on THz-scanner
data, especially when combined with deep machine learning. Automated object detection in IR-camera imagery
has likewise attracted interest. Because the low spatial resolution and noise inherent to THz images hinder
classical processing techniques, this work investigates deep neural networks for object detection in both the THz
and IR bands. It also demonstrates a procedure for enhancing the spatial resolution of acquired THz images,
further increasing the efficiency of the proposed approach. The research employed a linear 160-element receiver



for 140 GHz radiation that uses silicon field-effect-transistor detectors with a 1 mm element pitch fabricated in a
350 nm process, enabling the system to operate under diffraction-limited conditions. The aim of the study is to
automate recognition of THz and IR images using neural-network algorithms, to demonstrate the universality of
computer-vision approaches for THz and IR systems, to improve the spatial resolution of the THz system in view
of its physical properties, and to conduct a practical validation of the research results. Scientific novelty: For the
first time, automatic detection of various objects in the THz spectral range at a frequency of 0.14 THz and in real
time has been demonstrated using the neural-network algorithms MobileNet, RCNN and YOLOvVS, which were
developed for operation in the visible spectrum. The detection accuracy (AUC-PR) for objects larger than 5 mm
reaches 95.5 % in experiments with a scanner operating at a radiation frequency of 0.14 THz, a dynamic range of 35
dB, and a conveyor-belt speed of 200 mm/s. A dataset of 926 THz images with a resolution of 800 x 160 pixels has
been presented and converted into 5 000 images of 200 x 160 pixels for detection tasks. The dataset contains the
following objects: pills 5-10 mm in size, packaged pills, razor blades, lighters, plastic cards and metal knives. The
possibility of using the same neural-network algorithms for detection in both the IR and THz ranges has been
shown, which forms the basis for automated merging of information obtained in these ranges and for deeper
analysis of observed objects. An improvement in the quality of THz images at a frequency of 0.14 THz has been
demonstrated using a deconvolution-filter algorithm. The experiments performed showed that the proposed
algorithm reduces diffraction blur and enhances fine object details. At a Contrast Transfer Function (CTF) level of
0.72, detail improves from 0.06 line pairs per mm in the raw image to 0.29 line pairs per mm after the
deconvolution filter. Author’s contribution: Participated in developing the 0.14 THz scanner, including selecting the
optimal conveyor-belt material, measuring radiation-source beam patterns, and improving the software for image
acquisition and processing. Wrote Python code to implement neural-network algorithms; selected, trained and
validated network models for object-detection tasks on images from the THz scanner and IR camera. Carried out
experiments to collect, annotate and prepare datasets obtained with the THz scanner and IR camera. Performed
point-spread measurements for different sources and developed an algorithm that applies a deconvolution filter to
enhance the spatial resolution of THz images. Practical significance. The results open the way to new IR- and THz-
image-analysis systems. They can be used in industrial quality control for rapid detection of defects and hidden
objects in finished products (e.g., non-metallic contaminants); in security, customs inspection and postal services
for automated recognition of potentially dangerous items in parcels and carry-on luggage; and in integrated real-
time monitoring suites as an auxiliary information source complementing X-ray, infrared and visible-spectrum
modalities.
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