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[lITyyHuil 1HTENEKT € OJHIEI0 3 HAUOLIBII MOLIUPEHUX chep po3poOOK MPOrpaMHOTO
3a0€3MEeUeHHs] Y CYy4aCHOMY CBITI 1H(OpMaliifHUX TEXHOJOTIH. 3a OCTaHHIO JeKaay OyJio
JOCSITHYTO 3HAYHOTO MIPOTPECy JJIs 3a/1a4 KOMIT'FOTEPHOTO 30pY, 30KpeMa, y AETEKIIT 00’ €KTIB,
3aBISIKM PO3BUTKY METOAIB TJIMOOKOrO HaBYaHHS Ta 3pPOCTAaHHIO OOYHUCIIOBAJIBLHUX
MOKJIUBOCTEMN.

Jns ycoimHoi po3poOKM Ta BOPOBAHKEHHS MpOrpamMHUX 3aco0iB Ha ocHoBi I
HEOOXI1JIHO 30MpaTH Ta pO3MIYaTH BEIHKI 00’€MHU JaHMX, 110 BUMara€ 3HaYHMX JIOJACHKHX
pecypciB Ta yacy. HesikicHa po3MiTKa TaHUX MOXE MPU3BECTH /10 HETOUHHUX Ta MOMIIKOBUX
pesynbrariB metoaiB III, mo B cBOlO dYepry crae MPUUYMHOIO MOMUIIOK Yy pe3yibTarax
oOuuclieHb MporpamMHoro 3abe3neueHHs. HasiBHI 1HCTPYMEHTH PO3MITKU JaHUX HE 3aBXIU
BIAMOBIIaIOTh MOTpedaM PO3pOOHUKIB MPOrpaMHOro 3ade3medeHHs 3 BukopucTaHHsm I,
0COOJIMBO B KOHTEKCT1 POOOTH 3 BEIMKUMU 00'eMaMH BIJI€OJAHUX, IO 301IbIIYE TPYIOBUTPATH
MPOIIECY CTBOPEHHS AKICHUX HaOOPIB JIaHUX.

HasiBHicTh 3a3HaUeHUX MpOOJIeM BU3HAYAE aKTyalbHE HAYKOBE 3aBJAHHS M1JBUILCHHS
e(eKTUBHOCTI MPOLIECY PO3MITKUA BiCOJIAaHUX [JIsl 3a/lad KOMII IOTEPHOTO 30py, SKe
BUPILIY€EThCS Y 1M AUCEpTaLiiHIi poOOTI.

MeTtor0 nucepraniiiHol po0OTH € TIIBUILECHHS MIBUAKOCTI PO3MITKU BICOAAHUX Y
KOHTEKCTI 3aBJiaHb JIeTeKIlli 00'€KTIB 32 paXyHOK BJOCKOHAJIEHHS METOJIB Ta MPOrPaMHOTO

3a0€3IeUeHHs], MPU3HAYEHOTO JIJIsl PO3MITKH Bi/I€OJIaHUX.



s mocsirTHEHHSI METH B pOOOTI IOCTIKEHO METOIM HaBUYaHHS HEHPOHHUX MEPEXK, 110
M1JIBUITYIOTh TOYHICTh AETEKI[lT 00’ €KTIB 0€3 3MiH MoJiefiel Yyu 30UIbIIEeHHS 1X MapaMeTpiB, Ta
MIJIXOAH JI0 3MEHILEHHS 00CATy KaapiB, sIKi 00pOOISIOTECSA B 33a/lauax KOMIT FOTEPHOTO 30Dy .
[IpoBeneHo aHami3 Bi3yalbHO-MOBHUX MOJENEH JUIsl MIABUIIEHHS TOYHOCTI MPOTPAMHUX
pillIeHb, a TaKOX Cy4aCHUX IHCTPYMEHTIB 1 MPOIIECIB PO3MITKH 300paK€Hb Ta BiJIEO 3 METOIO
BJIOCKOHAQJICHHSI iX apXiTEeKTypu Ta TMPUIIBUAIICHHS o0O0uucieHb. Po3pobieHo nyanbHy
apXiTeKTypy aBTOMaTU30BaHOI PO3MITKH JaHUX Ta MporpaMHe 3a0e3IeueHHsl, 1o 1 peani3ye.
[IpoBeneHo ekcnepuMEHTalbHE JOCHIIKEHHS, $IKE JOBOJIUTh €(PEKTUBHICTh MHPUINHATUX
pIIIEHB.

OnHuM 13 TOJIOBHUX BHUKJIMKIB Ha LIUISAXY JOCSTHEHHS METH € 3a0e3Me4YeHHs BUCOKOL
SKOCT1 aBTOMATHU30BaHOI PO3MITKH JAHUX, HACIIIKOM SIKOi € 3MEHIIEHHS B1ICOTKY MTOMUJIOK,
K1 HEOOX1IHO BHUIIPABUTU PO3MITYUKOM (Jt0uHOI0). JlJisi po3B'si3aHHS I[LOTO 3aBAaHHS
3aCTOCOBAHI Pi3HI TEXHIKM Ta METOJM, BKJIIOYAIOUM BIIEpIIE 3alpONOHOBAHY IyaJbHY
apXiTeKTypy, METOJ| IplopuTe3allii TaHuX, 1ITepaTUBHUN METOJ BUOOPY KIFOUOBHX KaJApiB Ta
MYJIbTUMOJIAIbH1 HEHPOHHI MEPEXKI.

OCHOBHHUM pe3yJIbTaTOM POOOTH € CTBOPEHHS AyallbHOI apXITEKTYypu MPOTrPaMHOIO
3a0e3MeueHHs JJIsl aBTOMAaTU3Aallli PO3MITKH JIaHUX Ta IMIUIEMEHTAallisl METO/1IB aBTOMaTUYHOT
PO3MITKH BiJI€OJaHUX, SIKI 3a0€3ME€YyI0Th BUCOKY TOYHICTh PO3MITKM Ta CKOPOYEHHS 4acy,
HEOOX1AHOTO ISl TOPO3MITKH (YTOUHEHHSI PO3MITKH, SIKI BUKOHYIOTHCS PO3MITYMKOM TICTs
aBTOMAaTH30BaHOI po3MiTKHK). Po3po0ieHi MeToiu nepeBipeHi Ha peaibHUX 3ajadyax 3 METOI0

Y nepumomMy po3aijii po3rJisTHyTO OCHOBHI aCMEeKTH JETEKIlT 00'€KTIB, pO3MITKHU JaHUX
JUTS 3a]1a4 KOMIT'IOTEPHOI0 30py Ta MPOrpaMHi 3acO0M AJig PO3MITKH BifeogaHuX. 3poOieHo
OrJIsi PI3HUX METOJIB JETEKLIi 00'€KTIB, y TOMY YMCil BigoMi MeToau, Takl ik R-CNN, Fast
R-CNN, YOLO Ta iami. Onuca”o npoiiec po3MITKU JJaHUX Ta 1i 3HaYeHHs 1Sl €(EeKTUBHOTO
BHUPIIIIEHHS 3aBJaHb MAIIMHHOTO HaBYaHHSA. HaBemeHo 0COOMMBOCTI PO3MITKH JAaHUX IS

3a/1a4 AeTeKlli 00’ €KTIB Ta MOCTAHOBJIEHO 3a/1a4y JOCTIIKEHHS.



Y apyromy po3aiji MpeaCcTaBICHO HOBHUM METOJ HAaBYaHHS MOJIEJIE MAIIMHHOIO
HaBYaHHS, IKUW BUKOPUCTOBYE MPIOPUTE3AIIEI0 CKIIAIHUX €K3EMIUISIPIB JaHUX JJIsl HABUAHHS
HEUPOHHUX MeEpeXK, MO0 30UIbIIYy€E TOYHICTh JETEKIli OO0’€KTIB Ha BIJEO 3a pPaxyHOK
MIJIBUIIIEHHS SIKOCTI Habopy nanux. OCoOIUBICTIO 3aPOINOHOBAHOTO METOJY € T€, 10 BIH HE
MoTpeOdye MmonepeHbL0I PO3MITKH Bi/I€O Jj1sl BUOOPY CKIAAHUX €K3EMILISPIB.

Y TperboMy PpO31iji 3aMpONOHOBAHO HOBUU 1T€PATUBHUN METOJ BUOOPY KIHOUOBUX
KaJIpiB Ha JOBIUX BIZ€O JUISl y3araJbHEHHS 3MICTY Bi/1€0. 3allpONIOHOBAHUA METOJ 3MEHIIY€
KUIBKICTh HEPEJICBAHTHUX KAaJpiB, SIKI BU3HAauU€HI Ha (pa3i MonepesHboro BiAOOpY, HIISAXOM
ITEpaTUBHOTO 3aCTOCYBaHHS MOJEJIl MAIIMHHOTO HaBYaHHS [0 BiAiOpaHuX KaapiB 3
MOAANBIIOK (UIBTPALII€I0 HEPEIEBAHTHUX KaJPiB Ta CETMEHTIB.

Y d4erBepTOMY PpO3AiJi TPEACTAaBICHO METOJ arperaiii 3HaHb AttrdVis, skuit
CIpSIMOBAHUH Ha MOKPAIICHHS BUKOPUCTAHHS 3HAaHb, 3aKOI0BAHUX Y BEIUKHUX JIIHTBICTUYHUX
mozensix (LLM) Ta MOBHHUX MOJAIBHOCTSAX Bi3yalnbHO-MOBHUX Mojened (VLM), s
MIJIBUIIIEHHST TOYHOCTI PO3Mi3HABaHHSA CKJIAJHUX CIIEH Ha BIJEO 3a pPaxXyHOK TreHeparlil
JIOJJaTKOBUX aTpuOyTiB 1o Bigeo. HoBu3HA migxody mojsrae y reHepauii arpuOyTiB Ha
HEBEJIMKUX CErMEHTAax BiJI€0, 110 J103BOJIsiE €)EKTUBHO KOJIyBaTH 3MIHHM aTpUOYTIB 3 4aCOM Ta
MIJIBUIILY€ TOYHICTH pO3IMi3HaBaHHs mojii. Takox Oyio 3amporoOHOBAHO HOBUU aITOPUTM
PO3ILIMPEHHS JEKCUKOHY, MPU3HAYEHUN ISl 301IbIIECHHS CIIEKTpa aTpuOyTiB, MOB’A3aHUX 3
B1JIEOAAHUMH, 1110 MIABUIILY€E TOUYHICTh ONUCY MOJ1H TEKCTOBOIO MOAEILIIO.

Y m’AToMy po3aiJii MPOBEICHO OISl IHCTPYMEHTIB PO3MITKH 300paK€Hb, BU3HAUYECHO
KpUTEpii JIJIs 1X OLIHKU Ta HABEJICHO JETATbHUN OTJISAl KOHKPETHUX 1HCTPYMEHTIB, TAKUX SIK
V7, LabelBox, Keylabs, Labellmg, LabelMe, Label Studio Ta Computer Vision Annotation
Tool (CVAT). PosrasHyTo apxitektypy 1HcTpymeHTI po3Mitku CVAT, mniaxoau
aBTOMaTH3allii MpoIecy PO3MITKM JaHUX Ta BU3HAYEHO BHUMOTH JO MPOTPAMHOTO
3a0€3MeueHHs. 3ampolOHOBAHO JyaldbHy apXiTEeKTypy MNpPOrpaMHOTO 3a0e3MeueHHs IS

aBTOMAaTH3allll PO3MITKHM BIJICOJJAHUX, OIMHMCAHO KIIOYOBI KOMIIOHEHTH CHCTEMH Ta iX



B3aeMoit0. HaBeneHo omuc apxiTeKTypu Ta OCHOBHHMX 11 KOMIIOHEHTIB. Po3poOieHo
nporpaMHe 3a0e3nedyeHHs Ha 0a31 3aponoOHOBAHOI apXITEKTYPH Ta METO/IIB.

Y mocromMy po3aijii  HaBeneHO omnuc HA0Opy JaHMX ISl TIPOBEICHHS
€KCIEPUMEHTAIILHOTO JTOCTIKEHHS, BU3BHAUYECHO 3a7a4l PO3MITKU JaHUX, JAETAIbHO OMKHCAHO
OpraHi3allilo MPOIECy PO3MITKH, IHIIUX YMOB MPOBEICHHS EKCIEPUMEHTY Ta HaBeJleHI
pe3yIbTaTh eKCIEPUMEHTANILHOTO JocikeHHs. [lo/1aHo pe3ynbTaTH OIIHIOBAHHS IIBUAKOCTI
Ta SIKOCTI BUKOHAHHSI PO3MITKHU B1JIEOJJaHUX 0€3 aBTOMATH3allli Ta 3 BUKOPUCTAHHAM Pi3HUX
MIJIXO/iB, BKJIIOYAIOYM HYJIHOBE Ta aKTUBHE HABYAHHS, a TAKOX MiAX1JlT 3 BUKOPUCTAHHSIM
3alpONOHOBAHOI AYyallbHOI apXITeKTypH. BHKOHAHO TMOPIBHSHHSA PI3HUX MIAXOAIB 10
aBTOMAaTH3allll PO3MITKH BieodaHUX. 3pOO0JIEHI BUCHOBKHU IIOJO JOCATHEHHS IOCTaBJICHOT
METH JIUCepTaliitHOT pOOOTH.

VY nuceprauiiiHiii poOOTI OTPUMAHO HU3KY HOBHX HAYKOBHUX Pe3yJIbTATIB:

- BIepIIe 3alPONOHOBAHO AyajbHY apXITEKTypy MPOTPaMHOro 3a0e3medyeHHs i
aBTOMATH30BaHOI PO3MITKA JaHUX, $Ka, 3a pPaxXyHOK METOJy aJanTHUBHO-
arperoBaHOr0 HaBYaHHsS HeHpomepexi, 3alde3nedye MPUILIBUAIICHHS MPOIECY
pPO3MITKM Ta, Ha BIAMIHY BIJ ICHYIOUMX AaHAJIOTIB, Ja€ 3MOry e(eKTUBHOTO
3aCTOCYBaHHSI HYJILOBOTO Ta aKTUBHOIO HaBYaHHS HEHUpOMEpExi I PO3MITKH
JAHUX Ta OUIbII THYYKOTO BHUKOPHCTaHHS NPOrpaMHOro 3a0e3ledyeHHs s
PI3HOMAaHITHUX 3a/1a4 KOMIT I0TE€PHOTO 30pY;

- BIepIIe 3alpONOHOBAHO METOJ MpiopuTe3allii CKIaJHUX 3pa3KiB JJIs HABUAHHS
HEUPOHHOT Mepexi, SKUM, 3a paxyHOK BIIOOpYy HAWCKIAAHIMIMX 3pa3KiB i
HABYaHHS, MIJIBUIIYE SKICTh HA0OPY AaHUX 0€3 MPOBEACHHS MONEPEIHbOI PO3MITKI
B1JI€0, BHACHIJOK YOTO 30UIBIIYETHCS TOYHICTH JETEKINl 00’ €KTIB Ha Bifco, Ta, Ha
BIJIMIHY BIJl ICHYIOYMX MiAXOMAIB, 0a3yeTbcs BHUKIIOYHO HAa aBTOMATHYHO
3TeHEPOBaHIN penpe3eHTarlli JaHux;

- BIepIIe 3alPONOHOBAHO ITEPATUBHUN METOJ] BUOOPY KIIFOUOBHX KaJpIiB HA JJOBIUX

B1JI€O, IO J]a€ 3MOTY BU3HAYATH KJIIOYOBI KaJpU Ta CETMEHTH BiI€O 3 MOCTYIIOBUM



MIJBUIIEHHSM TOYHOCTI, Ta, Ha BIJIMIHY BIJ ICHYIOUMX METO[IB, BPaxOBYBaTH
JUHAMIYHO 3MIHM KOHTEHTY BIiJIeO i1 BUOOPY KIIIOYOBUX KaIpiB, MiABUILYIOUU
TOYHICTh CETMEHTALli Ta 3MEHIIYIOUH 00CST BiieogaHuX sl OOpOOKH;

- BIepIIe 3anpolOHOBAHO METOJ arperamii 3HaHb MiXK TEKCTOBOIO Ta BI3YaJIbHOIO
yacTUHAMHM Yy Bi3yalibHO-MOBHIN Mogeni (VLM) i oOpoOku  CKIagHUX
MyJIbTUMOJAIBHUX  B3a€MOIN, 110 3a0e3medyye OuIbIll BHCOKY TOYHICTh
pO3MI3HABaHHS CKJIAQJHHMX CIIEH Ha BIZEO Ta iX ONUCY y MOPIBHSAHHI 3 ICHYHOUMMU
aHaJIOraMu.

OCHOBHI pe3yJIbTaTu AUCEPTALIHHOI poOOTH OMmyOIiKOBaHO y 6 myOmikauisx, 3 sSkux 4
CTaTTl B MEPIOJMYHUX BHUJIAHHAX, IO MPOIHAEKCOBAHO y 0a3i AaHux Scopus, 1 myOmikamis
onyOJikoBaHa y (paxOBOMY BHUJAHHI, BKIIOUEHHUX O MEPEeiKy HAyKOBUX (haxOBUX BHUJIaHb
VYkpainu 3 npucBoeHHIM KaTeropii «by», Ta 1 myOiikanis y MmaTepiaiiax MibKHaApOAHOI HAyKOBOT
KOH(EepeHIIii.

KuiouoBi cJjioBa: iHXeHepiss NporpamMHOro 3a0e3MeyeHHs; MallMHHE HaBYaHHS,
HEHpPOHHA MeEpeka; 3rOpTKOBA HEMpOHHA Mepeka; MalIMHHUN 31p; pO3Mi3HAaBaHHS;
300paKeHHs; IITYYHUH IHTEJIEKT; TpPEHYBaHHA MOJENI; IHTeJNeKTyaldbHa iH(opMaliitHa

CHUCTCMaA.



ABSTRACT

Zarichkovyi O. Algorithmic software for video data annotation for computer vision
tasks. — Qualifying scientific work, the manuscript.

PhD thesis in the field of knowledge 12 Information technologies in a specialty 121
Software engineering. — National Technical University of Ukraine “Igor Sikorsky Kyiv
Polytechnic Institute”, Kyiv, 2025.

Artificial intelligence is one of the most prominent fields of software development in the
modern world of information technologies. Significant progress has been achieved in computer
vision tasks, particularly object detection, over the past decade due to the advancements in deep
learning methods and the growth of computational capabilities.

For the successful development and implementation of Al-based software tools, it is
necessary to collect and annotate large volumes of data, which requires considerable human
resources and time. Low-quality data annotation can lead to inaccurate and erroneous Al
methods, consequently resulting in errors in software computations. Current data annotation
tools do not always meet the needs of software developers working with Al, especially in the
context of large-scale video data annotation, which increases the labor intensity of creating
high-quality datasets.

The outlined problems establish a pressing scientific task of improving the efficiency of
video data annotation processes for computer vision tasks, which i1s addressed in this
dissertation.

The aim of the dissertation is to enhance the speed of video data annotation in object
detection tasks by improving the methods and software tools designed for video data
annotation.

To achieve this aim, the study investigates neural network training methods that improve
object detection accuracy without modifying models or increasing number of parameters, as

well as approaches to reduce the number of frames processed by computer vision methods.



Conducted study on visual-language models to improve accuracy. A dual-architecture system
for automated data annotation and its supporting software have been developed. Experimental
research demonstrates the effectiveness of the proposed solutions.

One of the main challenges in achieving the aim is ensuring high-quality automated data
annotation, which minimizes the percentage of errors requiring manual correction. To address
this, various techniques and methods were employed, including the novel dual-architecture
approach, a data prioritization method, an iterative keyframe selection method, and multimodal
neural networks.

The main result of this work is the creation of a dual-architecture software system for
data annotation automation and the implementation of automatic video annotation methods.
These methods ensure high annotation accuracy and reduce the time needed for post-annotation
refinement by annotators after automated annotation. The developed methods were tested on
real-world tasks to demonstrate their efficiency and advantages.

The first section present the core aspects of object detection, data annotation for
computer vision tasks, and video data annotation tools. A review of various object detection
methods, including R-CNN, Fast R-CNN, YOLO, among others, is provided. The importance
of data annotation in solving machine learning problems effectively is outlined, along with a
description of data annotation for object detection tasks and the research problem.

The second section introduces a new method for training machine learning models. This
method employs the prioritization of challenging data instances for training neural networks,
enhancing object detection accuracy in videos by improving the quality of the dataset. A
distinctive feature of the proposed approach is that it does not require prior annotation of videos
to select difficult instances.

The third section proposes a novel iterative method for selecting keyframes in lengthy
videos to summarize video content. The proposed method reduces the number of irrelevant
frames 1dentified during the initial selection phase by iteratively applying a machine learning

model to the selected frames, followed by filtering out irrelevant frames and segments.



The fourth section presents the Attr4Vis knowledge aggregation method. This method
aims to improve the utilization of knowledge encoded in large language models (LLMs) and
the linguistic modalities of visual-language models (VLMs) to enhance the accuracy of
recognizing complex scenes in videos by generating additional attributes based on the video
content. The novelty of the approach lies in generating attributes for small video segments,
enabling efficient encoding of attribute changes over time and improving event recognition
accuracy. Additionally, a new algorithm for lexicon expansion is proposed to increase the range
of attributes associated with video data, thereby improving the accuracy of event descriptions
generated by text models.

The fifth section reviews image annotation tools, identifies criteria for their evaluation,
and provides a detailed analysis of specific tools such as V7, LabelBox, Keylabs, Labellmg,
LabelMe, Label Studio, and the Computer Vision Annotation Tool (CVAT). The architecture
of the CVAT annotation tool is explored, including data annotation process automation
approaches and software requirements. A dual-architecture system for video data annotation
automation is proposed, detailing its key system components and interactions. Software based
on this architecture and methods was developed.

The sixth section describes the dataset used for the experimental study, along with the
defined data annotation tasks, a detailed explanation of the annotation process organization,
other experimental conditions, and the experimental study results. The evaluation outcomes for
the speed and quality of video data annotation are presented, comparing manual annotation
with different approaches, including zero-shot and active learning, as well as the proposed dual
architecture approach. A comparison of various approaches to video data annotation
automation is conducted. Conclusions regarding the achievement of the dissertation's
objectives are drawn.

In the dissertation, a number of new scientific results were obtained:
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For the first time, a dual software architecture for automated data annotation has been
proposed. Utilizing the method of adaptively-aggregated neural network training, this
architecture accelerates the annotation process and, unlike existing counterparts, enables the
effective application of zero-shot and active neural network learning for data annotation. It also
allows for more flexible software utilization across various computer vision tasks.

For the first time, a novel method for prioritizing difficult samples for neural network
training is introduced, improving dataset quality without prior video annotation and enhancing
object detection accuracy. Unlike existing approaches, this approach relies solely on
automatically generated data representations.

For the first time, an iterative method for selecting keyframes in long videos is
proposed, enabling accurate identification of keyframes and segments while accounting for
dynamic content changes, improving segmentation accuracy and reducing video data for
processing.

For the first time, a method for aggregating knowledge between the textual and visual
components in a visual-language model (VLM) has been proposed to model complex
multimodal interactions, providing higher accuracy in recognizing complex scenes in videos
and their descriptions compared to existing counterparts..

The main results of the dissertation were published in 6 scientific papers, in particular,
in 4 scientific articles, which is indexed in the Scopus database, 1 article published in a
scientific journal included in the list of scientific professional editions of Ukraine (category
«B»), as well as 1 publication in materials of scientific and technical conferences.

Keywords: software engineering; machine learning; neural network; convolutional
neural network; computer vision; recognition; image; artificial intelligence; model training;

intelligent information system.
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noiTexHiyHui iHcTUTyT iMeHi [ropst Cikopeekoro», @IOT. C. 58-61.
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HEPEJIIK YMOBHHUX ITO3HAYEHD

T — wTy4yHHid IHTENEKT

CAGR — Compound annual growth rate — cykymnHi cepeJHbOpIYHI TEMIIH POCTY

CNN — Convolutional neural network — 3roptkoBa HelipoHHa Mepexa

GRU — Gated recurrent units — KOHTPOJILOBAHUN PEKYPEHTHHI BY30J1

LLM — Large language models — Beauki MOBHI MOJ€ENi

LSTM — Long-short term memory — J0BrocTpoOKOBa-KOpPOTKOUACHA MaM'ATh

NMS — Non-maximum suppression — alirOpUTM HEMAKCUMAJIbHOTO MPUTHIYCHHS

R-CNN — Region-based convolutional neural network — 3ropTkoBa HelipoHHa Mepexa
JUTSL AETEKIIIT IO KaHIu1aTax

RPN — Region proposal network — HelipoHHa Mepexka sl reHepailii JOKaiii
KaHAUAATIB s AeTekiii Metogamu R-CNN

VLM - Vision-language models — Bi3yanbHO-TEKCTOBI MOIE1

Zero-shot learning algorithm — anaropuT™ HyJIBOBOTO HaBYaHHS, IO BHUKOHYE
MPOTHO3YBAHHS Ha JaHUX Ta KaTeropisix, skl He OyJM MPUCYTHIMU B HaBYaIbHIA BUOIPII

TaHUX.
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BCTYII

AKTyaJabHicTh TeMu. [IITyyHUl 1HTENEKT € OJHIEI 3 HAWOUIbII MOMMPEHUX cdep
PO3pOOOK MPOTpaMHOIO 3a0€3MEUEeHHSI Y Cy4acHOMY CBITI 1H(POpMAIIMHUX TEXHOJOT1H. 3a
OCTaHHI JIeCSITh POKIB CYCHIIBCTBO CTaJO CBIJKOM 3HAYHOTO NPOTPECy B 3aBIAHHSIX
KOMI'FOTEPHOT0 30pY, 10 BiA0Opa3WiIocs y MiABUIIIEHHI TOYHOCTI Ki1acudikallii 300paxeHb Ha
Habopi ganux ImageNet ILSVRC'2012 [1] abo inmux myomiunux Habopax ganux [2]. Llei
3HAUHUN mporpec OyB JOCATHYTHH 3aBASIKU IIBUJIKOMY PO3BUTKY METOAIB TJIMOOKOTO
HaBYaHHS, EKCIIOHEHI[1aJIbHOMY 3pOCTaHHIO O0UMCIIIOBAIbHIUX MOKIIMBOCTEH KOMIT IOTEPIB Ta
OUTBII MIUPOKOMY JOCTYMY JOCTIAHUKIB O BEIUKUX HaOOPiB naHux [3; 4; 5].

3riaHo 31 3BiToM Gartner [6], CBITOBUI H0X1] Bl IPOTPaMHOT0 3a0€3MEUECHHS IITYYHOTO
intenekty (I1II) y 2022 porii cranoBuB 62,5 minbsapaa nonapis CIHIA, mo Ha 21,3% nepeBuiius
noka3zHuku 2021 poky, a oOcSr pyUHKY IITYYHOTO 1HTEJIEKTY CKJaB 428 MIIbAp/IB JT0JIapiB
CIIA y 2022 pomi. 3a mnporHo3zamu Gartner pUHOK MPOTPAMHOTO 3a0e3MeUYeHHS 3
Bukopuctanusam I 3pocre no 2025 minbsapaiB gonapis CIIA no 2030 poky, AeMOHCTPYIOUU
mopiunnii ycepenuenunii pict (CAGR) na 21,6% [6].

[le cTBOPIOE BENMKUM MOMUT HA PO3POOKY MPUKIATHOTO MPOrPaAMHOTO 3a0€3MeUeHHs 3
BUKOPUCTAHHAM IITY4YHOTO 1HTENeKTY [7]. 1100 3a10BONBHUTH LIeH TMOMUT, JIiIepU 1HIYCTPil
CTBOPUJIM CEPBICH JJIsI pO3pOOKH Ta BIPOBAHKEHHS IporpaMHoro 3abesnedenHs Ha 6a3i 11,
Taki ik Amazon AWS SageMaker [8], Microsoft Azure Al Platform [9], IBM Watson [10],
Google Cloud AI Platform [11] Ta 6e3niu inmux. Lli cepBicu momoMararTh MPUCKOPUTH
CTBOPEHHS MOJIeJIeH IITYYHOTO 1HTEJNEKTY Ta iX BIPOBAKEHHS Y MOPIBHSHHI 3 PO3POOKOIO
nporpamuoro 3ade3nedyenns LI 3 yucroro apkyma [12; 13].

OpHak, rOJIOBHUM HEIOJIKOM ICHYIOUMX CEPBICIB € T€, [0 BOHU KOHIIEHTPYIOTh yBary
JUIIE Ha MOpOolieci CTBOPEHHSI Ta BUKOPUCTAHHI MoAesiei mTydHoro iHTenekty. [Ipore, 3a
ocTaHHl Kiibka pokiB iHaycTpisa LI 3HauHO TpancopmyBamacs, a 00’eMu HaHUX, IO

TE€HEPYIOThCSI, 0COOJIMBO Ha IUIOIIAIKaX MOTOKOBOI epeaayi Bieo, MIBUIKO 3pOCTAIOTh. 3 HI€T
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MPUYUHU MIBUJIKICTh PO3POOKH Ta BOPOBAIXKEHHS IHCTPYMEHTIB JIJI1 PO3MITKHU JaHUX CTA€ BCE
O1nbI BakiuBimoro [ 14; 15]. Ilpu uboMy A0CIIKEHHS B JaH1{ raiy3i OKa3yloTh, 10 O1IbIIIE
80% wacy B mpoekTax 3 po3poOku mnporpamHux npoxaykrtiB LI Butpauaerbcs came Ha
MIATOTOBKY JTaHUX 0 0OpOOKHM Ta po3MITKY AaHMX [16], 10 HaJae MOKIIMBICTh MOAAIBLIOTO
ix Bukopuctanus ais HaByaHHs LI, Bkimtoyaroun HelpoHHI Ta MIHMOOKI HEUPOHHI MEPEXKi, K1
PO3pOOIIIOTHCS 3 BUKOPUCTAaHHAM 010110TeK MammHHoro HaBuanHs Tensorflow [17], PyTorch
[18], Scikit-learn [19] Torro.

3rigHo 3 gochikeHHsMu [16; 20; 21], HailioBmIUM eTarnoM B poOOTI 3 JTaHUMU € iX
pO3MITKa [Ji TOJAJBIIOr0 BUKOPUCTAHHS B MPOIECI HAaBYAHHS METOMAIB MAIIMHHOTO
HaByaHHA. [[esKi 3 ICHYI0UMX CepBICiB JUIsl 33]1a4 IITYYHOr'O 1HTEJIEKTY IPOMOHYIOTh BOyJ0BaH1
MOXJMBOCTI IS PO3MITKM JIaHMX, SIKI BHUKOHYIOTbCS KJIAaCUYHUMHU MeToAamMu 0e3
BUKOPHCTAHHS KOJIHOI aBTOMaTH3a1lii a00 3 00MEXEHOI0 MATPUMKOIO aBToMaTu3airii [22; 23],
10 TPU3BOJIUTH JO0 Hee(PEKTUBHOTO (IMOBUIHHOTO) MPOIIECY PO3MITKH TaHuX. OCOOIMUBO TOCTPO
1 npoOjeMa moctae A 3ajiad, Kl moTpeOyroTh BETUKUX 00 €MIB JaHUX JJisl TOCATHEHHS
3a/I0BUILHOTO PIBHSI SIKOCTI — aBTOHOMHE KepyBaHHsI aBTOMOO1JIeM (aBTOMLIOTH ), Bepudikailist
MacaXUpiB B a€pornopTax (CUCTEMU PO3MI3HABAHHS JIOJIeH), MOKYIOK B Mara3uHi (Mara3uHu
0e3 Kac), 11arHOCTUKY OHKO3aXBOPIOBAHb TPYAHOT KIITUHU Ta 0aratbox 1HIUX [24].

[IpoTe, IHIYCTpis MO PO3MITIIL JAHUX CTUKAETHCS 3 PI3HUMU MPOOIeMaMU, sIKI MOXKYTh
BILUIMBATH HA SIKICTh Ta MIBUJKICTH poOoTH. OfHA 3 TOJOBHUX MPOOJIEM — II€ CKIIAJIHICTh Ta
TPYAOMICTKICTh TPOIECY PO3MITKH AaHux [22; 24]. Po3miTka AaHUX BUMArae BEJIHKOI
KUIBKOCTI JIFOJICBKUX PECYPCIB Ta Yacy, M0 32 HEOOX1THOCTI 3a0€3MeUeHHs] BUCOKOT TOYHOCTI
PO3MITKU TaHUX MOKE MPU3BECTHU /10 3aTPUMKH 3/1a4l IPOEKTY Ta 30UIbIIEHHSI HOTO BapTOCTI
[20]. Herouna a00 HEKOpeKTHA PO3MITKA JaHUX MOJXKE MPU3BECTH /10 HE3aJOBIIBHOI SKOCTI
MoOJieiell Ta MOMMJIOK B iX poOOTi, III0 MO€ BIUIMHYTH Ha IpOrpaMHe 3a0e3NedyeHHs Ta Ha

pIILIEHHS, SIKE€ IPUUMAETHCS Ha OCHOBI pe3yJibTatiB oro podotu [20; 21].
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[Ile oxna mpoOseMa 3 PO3MITKOIO JAHHUX MOJIATa€ B TOMY, IO 1HAYCTpIS LIBUIKO
PO3BUBAETHCS, TOMY ICHY€ MOTpebda MOCTIMHO OHOBJIIOBAaTHM Ta BJIOCKOHAIIOBATH ICHYIOUI
Habopu. Lle moxke OyTH TOCUTH CKJIAJIHO Ta BUMAaraTu BEJIMKOI KIJILKOCTI pecypciB [22; 24].

VYci Bumiesragadi npodjieMu MOXKYTh BIUIMHYTH Ha SIKICTh Ta IIBHJAKICTH PO3MITKU
JAHUX, 1[0 CTBOPIOE MOTpeOy B poO3poOIill HOBUX BHUCOKOE(HEKTUBHUX Ta BJIOCKOHAJICHHI
HasiBHUX 1HCTPYMEHTIB 3 00poOku ganux B iHayctpii LI Ta BnpoBagkeHHi X y HIMPOKE KOJIO
KOpHUCTyBauiB [25; 26].

BusiBnieHi Taki TEXHIYHI HEJOJIIKM HAsIBHUX IHCTPYMEHTIB PO3MITKH 300paKeHb Ta

B1/ICOJIAaHUX, 5IKI OOMEXKYIOTh iX €(DEKTUBHICTD:

BUKOPUCTAHHS JIUIIIE OJHOTO METOAY HAaBUaHHS, aKTUBHOTO a00 HYJIbOBOIO, 3BYXKY€
CHEKTp 3ajad, 5Kl MOXYTb OyTH OOpoOJieHI UMHU 1HCTPYMEHTaMHU, IO 3HUKYE iX
YHIBEpPCAIbHICTB;
- Opak MeTOHIB IJii MPUCKOPEHHS MOjeNied aKTUBHOTO HAaBYaHHS MOJOBXKYE LUK
HaBYAHHS Ta 3aTPUMYE JOCSTHEHHS] HUIMU JJOCTaTHbO BUCOKOI TOYHOCTI;

- piBHOMIpHUI BUOIp KaJpiB Y BiJIEO HE BPAXOBY€E IMHAMIYHI 3MIHU CIIEHU, IO 3HUKYE
TOYHICTh aBTOMAaTU30BaHO1 PO3MITKH;

- BIJCYTHICTb ONTUMaNIbHUX METOAIB A0 1HTerpamii VLM ta LLM mopaenelt y nmpoiiec
PO3MITKY JaHUX 3HUKYE TOUHICTh KIHIIEBUX METO/IIB.

JaHni Hemoniku OyiM BpaxOBaHI Ta BUIIPABIEHI 3a PaXyHOK BUKOPHUCTAHHS IyalbHOT
apXiTEeKTypu MPOrpaMHOTO 3a0€3MEUYEHHS PO3MITKA JaHUX, BHUKOPUCTAHHS METOIY
MplopUTE3aLlil PO3MITKU JTaHUX, BAKOPUCTAHHSIM ITE€PATUBHOTO METOIY IO BUOOPY KIIOUOBUX
Ka/IpiB, Ta €(pEKTUBHOI arperailii 3HaHb MK 3HaHb MI’)K TEKCTOBOIO Ta Bi3yaJbHOIO YaCTUHAMU
y BI3yaJIbHO-MOBHUX MOJIEIISX.

ExcniepumeHTanbHi JOCTIKEHHS TOKa3aJIu, 1110 BUKOPUCTAHHS BUILIE3TaJaHUX METO/IIB
Ta MAXO0/1B 3HAYHO MPHUCKOPIOE MPOIIEC PO3MITKH JaHUX, IO BEJIe 10 3MEHIICHHS BapTOCTI
PO3MITKH JaHMX Ta poOUTH 3acTOCYHKM Ha 0a3i I Guabm HOCTYyMHUMHU HIMPLIIOMY KOJIY

PO3pOOHUKIB Ta KOPUCTYBAUIB.
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TakuM 4YMHOM, HASBHICTh 3a3HAUYEHUX AaKTyaJlbHUX NPOOJEM BHU3HAUAE aKTyalbHE
HAayKOBE 3aBJaHHS MIIBUINCHHS €()EKTUBHOCTI MPOLIECY PO3MITKU BiJICOJAHUX IS 3a7a4
KOMIT FOTEPHOTO 30Dy [20; 24].

3B’5130Kk po00TH 3 HAYKOBMMH NporpamMamMu, mjiaHamMu, temamu. [lucepraiiiina
poboTa TICHO TOB'A3aHa 3 HAyKOBUMHU pO3poOKaMu, WO 3A1MCHIOIOTBCS Ha Kadenpi
iH(popMaTHKU Ta nporpamMHoi iHxkeHepli HarlioHanbHOTO TEXHIYHOTO YHIBEPCUTETY Y KpaiHH
«KuiBchkuit nonitexHiunuil iIHCTUTYT iIMeHi [rops Cikopcekoro». TeMa aucepTaiiii BiinoBijgae
HayKoBoMYy Hampsimy «lHpopmarliiiini Ta KOMYyHIKaIiiHI TexHousorii. ['muboke HaBuaHHS,
Benuki naxi (big data), HeliponoAiOH1 Mepexi» Mepeniky NPIOPUTETHUX TEMATUYHUX HAIIPSIMIB
HAayKOBHUX JOCIHI/P)KEHb 1 HAYyKOBO-TEXHIYHUX po3poOOK Ha mepioa a0 31 ciuHsS pOKy,
HACTYITHOTO MICJI MPUMIMHEHHSI a00 CKacyBaHHS BOEHHOI'O CTaHy B YKpaiHi, 3aTBEPAXKEHOTO
noctaHoBoto Kabinety MinictpiB Ykpainu Ned76 Bin 30.04.2024 p. YV nucepramii
3alpONOHOBAaHI METOJU Ta MOJIENI, Kl CIPSAMOBAHI Ha BUPILIEHHS 3aBJaHb, TOCTABICHUX Y
KoHuenuii po3BUTKY HITYYHOTO IHTEJIEKTY B YKpaiHi CXBaJEHOI po3nopsakeHHsIM Ne 1556-
p KabGinerom MinictpiB Ykpainu Big 2 rpyans 2020 p., a came BIpoBaIKeHHs 1HPOpMAaIIHHUX
TEXHOJIOT1{, YACTUHOIO SIKUX € TEXHOJIOT1l IITYYHOI'O 1HTEJIEKTY.

Pe3ynbTaT HAyKOBOT'O JOCHIIKEHHSI YaCTKOBO OTpHUMaH1 3100yBayeM IpU BUKOHAHHI
HayKOBO-JIOCHIAHOT po0oTH «MeToau Ta TEXHOJIOT1i BUCOKOMPOIYKTUBHUX OOYMCIICHb Ta
00poOKM HAIBEIMKHUX MACHUBIB TaHUX» (Aep:kaBHUU peecTpauiinuii Homep 0117U000924).

MerTa i 3aBaaHHA J0CTiAKeHHsI. MeTOI0 TrcepTaIliiHOTO JOCTIKEHHS € MM1ABUIIICHHS
IIBUJIKOCTI PO3MITKH BiJICOJIaHMX Yy KOHTEKCTI 3aBJaHb JETEKIlli O00'€KTIB 3a paxyHOK
BJIOCKOHAQJICHHS METOJIB Ta MIPOTPaMHOr0 3a0e3MeueHHs, MPU3HAYEHOrO IS PO3MITKH
B1/ICOJIaHHUX.

s mocsiTHEHHSI METH B pOOOTI TOCTIKEHO METOIM HaBUYaHHS HEHPOHHUX MEPEXK, 110
M1JIBUIYIOTh TOYHICTh AETEKIIT 00’ €KTIB 0€3 3MiH MoJiefiel 4yu 30UIbIIEeHHS 1X MapaMeTpiB, Ta
MIJIXOAH 10 3MEHILEHHS 00CATYy KapiB, sIKi 00pOOISIOTHCS B 3a/layax KOMIT IOTEPHOTO 30Dy .

[IpoBeneHo aHami3 Bi3yalbHO-MOBHUX MOJENEH JUIsl MIABUIIEHHS TOYHOCTI MPOTPAMHUX
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pillIeHb, a TaKOX Cy4aCHUX IHCTPYMEHTIB 1 MPOIIECIB PO3MITKH 300paK€Hb Ta BiJIEO 3 METOIO
BJIOCKOHAQJICHHS 1X apXITEKTypH Ta MNPUUIBUIIIEHHS OOYHUCIEeHb. Po3po0ieHo ayalbHy
apXiTeKTypy aBTOMATU30BaHOI PO3MITKH JaHUX Ta MporpaMHe 3a0e3MeueHHs, 110 11 peani3ye.
[IpoBeneHO ekcnepuMEHTalbHEe JOCHIIKEHHS, $KE JOBOJIUTh €(PEKTUBHICTh MNPUINHATUX
pIIIEHB.

OnHuM 13 TOJIOBHUX BHUKJIMKIB Ha LUISAXY JOCSTHEHHS METH € 3a0e3Me4eHHs BUCOKOL
TOYHOCTI aBTOMAaTU30BaHO1 PO3MITKU JaHUX Ta 3MEHILEHHS KUTBKOCTI MOMUJIOK MeToay. Jis
PO3B'sI3aHHSL ILOTO 3aBJAHHS 3aCTOCOBAHI PI3HI MIJXOAW Ta METOJH, BKJIIOUAIOYM BIIEpIIE
3alpOINOHOBAHY AyalibHY apXiTEKTypy, MEXaH13M MpiopuTe3allii, iITepaTUBHUN IIPoLieC BUOOPY
KJIFOYOBUX KaJIpiB Ta €()eKTUBHOI arperaiiii 3HaHb M1 3HaHb MK TEKCTOBOIO Ta BI3yaJIbHOIO
YaCTUHAMHM Y B13yaJbHO-MOBHHUX MOJIEISX.

OCHOBHHUM pe3ylbTaTOM POOOTH € CTBOPEHHS IHHOBAIIMHOI JTyalbHOI apXiTEKTypH
MpOrpaMHOro 3a0e3MeueHHs I aBTOMATH3aIlli pO3MITKH JaHUX Ta IMIIEMEHTAIlisl METO/IiB
aBTOMATUYHOI PO3MITKM BIJIEOAAHUX, AKI 3a0€3Me4yl0Th BUCOKY TOYHICTh PO3MITKH Ta
CKOPOYEHHSI 4Yacy, HEOOXIJTHOTO [Jisi 3aBEpIIEHHS Mpolecy po3MiTku. Po3pobieHi meroau
MEepeBIpeHl Ha peallbHUX 3a/layax aHalli3y BiJCOJaHUX 3 METOI OILIHIOBaHHS IXHBOT
e(heKTUBHOCTI Ta MepeBar.

BianoBigHO 10 MOCTaBI€HOI METH OCHOBHUMH 3aBJIaHHSIMU JTOCIIKEHHS €:

- pO3pOoOUTH METOJ 10 HAaBYAHHSI HEUPOHHUX MEPEXK, 1110 MIJIBUIILY€E TOYHICTH METOIIB

pO3Mi3HABaHHSA I10 BiJIEO;
- po3pobuUTH MeToA A0 3MEHIIEHHS o0ciary oOpoOJeHUX KajpiB MJisi METOIB
KOMIT FOTEPHOTO 30DY;

- pO3pOOUTH METOJ MO BUKOPUCTAHHIO BI3yaJIbHO-MOBHUX MOJIEIEH JIJIsl M1ABUIIIEHHS
TOYHOCTI 3aJ1a4, SIK1 BUPILIYIOTh MPOrpaMHi 3aco0u;

- BUSBUTU HEJOJIKM CYYaCHMX METOJIIB aBTOMAaTH3allli PO3MITKH B MPOrPaAMHUX

3aco01B JI pO3MITKH 300paKeHb Ta BIICOJaHUX;
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- pOo3poOUTH QyallbHYy apXiTEKTypy aBTOMAaTHU30BAHOI PO3MITKH JAHUX 32 JIONOMOTOI0
PI3HUX METO/IB KOMI'TOTEPHOI0 30pY, IO MPUCKOPUTH MPOIIEC PO3MITKH TaHUX;

- BHUKOHATH NPOTrpaMHy peati3aililo 3ampolOHOBAaHUX METOAIB Ta BHUKOHATH
EKCIEPUMEHTANIbHE JIOCTIJKEHHS XapaKTEPUCTUK PO3POOJIEHOTO MPOrPaMHOTO
3a0€e3MeUeHHs.

OO0’ €T TOCTiIKEHHA — POLIEC PO3MITKH BIJICOAAHUX IS 33]]a4 KOMIT IOTEPHOTO 30PY.

IIpeameT gocaigzKeHHs] — METOIM Ta MOJIEJI1 aBTOMAaTH30BaHO1 PO3MITKH B1JI€OTaHUX.

Metoau nocaimxennsi. JlocnipkeHHs 0a3yeThbCs HA TEOPETUYHOMY Martepiaii, IO

CTOCY€ETHCSI MMPOrPAMHOTO 3a0€3MEeUeHHS Il PO3MITKH 300pakeHb Ta BIJIEOJAHUX, MPOIIECY
pO3MITKU BineojaHux, aHamizy TtexHomyoriii Il nns oOpoOku Bimeomanux. Y mporect
JOCIIIPKEHHS BUKOPUCTOBYBAJIMCS METOIU OOpoOKM 300pakeHb Ta Teopli CHUTHAIB,
CTATUCTUYHOIO aHAII3y Ta MATMHHOTO HABYAHHS.

HaykoBa HOBH3HA 0/1ep:KAHUX Pe3YJIbTATIB MOJISITA€ Y HACTYITHOMY:

1. Bnepuie 3amporoHOBaHO AyajbHY apXiTEKTypy MpPOTrpaMHOro 3a0e3medeHHs s
aBTOMATH30BaHOI PO3MITKM JlaHMX, SIKa, 3a pPAaXyHOK METOAY aJanTHUBHO-
arperoBaHoro HaBYaHHS HeHWpomepexi, 3abesneuye MNPUILBUAINICHHS MPOLECY
PO3MITKM Ta, Ha BIAMIHY BiJ ICHYIOUHMX AaHAJIOrIB, JAa€ 3MOTry €(eKTHBHOIO
3aCTOCYBaHHS HYJIbOBOTO Ta AKTUBHOIO HABUAaHHS HEUpOMEpexl sl PO3MITKU
JAHUX Ta OUIBII THYYKOTO BHUKOPUCTAHHS MPOrpaMHOro 3a0e3MEeueHHsS s
PI3HOMAaHITHHX 3a/1a4 KOMIT I0TE€PHOTO 30pY.

2. Bnepuie 3amporoHOBAaHO METOJ MPIOpUTE3aIlii CKIAIHMX 3pa3KiB JJIsI HaBYAHHS
HEUPOHHOT MeEpexi, SKUM, 3a paxyHOK BIIOOpY HANUCKIANHIMIMX 3pa3KiB s
HABYaHHS, MJBUIILYE SKICTh HA0OPY MaHUX 0€3 MPOBEACHHS MONEPEIHBOT PO3MITKH
B1JI€0, BHACIIIOK YOr0 301IbIIYETHCA TOYHICTh JIETEKIlIi 00’€KTIB Ha Bijle€o, Ta, Ha
BIAMIHY BiJ ICHYIOUMX MIJIXOMIB, 0a3yeTbCs BHUKIIOYHO Ha aBTOMATHYHO

3TeHEepPOBaHIN pernpe3eHTallli 1aHux.
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3. Bmepue 3anpornoHOBAaHO ITEPATUBHUM METO BUOOPY KITIOUOBUX KaJpiB HA JJOBCUX
BIJI€O, 110 JIa€ 3MOT'Yy BU3HAYATU KJIKOYOBI KaJpU Ta CETMEHTH B1/I€0 3 MOCTYIOBUM
NIJBUIIIEHHSIM TOYHOCTi, T4, Ha BIAMIHY BIJl ICHYIOUUX METOMIB, BpPaxOBYyBaTH
JUHAMIYHO 3MIHM KOHTEHTY BiZ€o JJIsi BHOOpPY KIIFOUOBHMX KaJpiB, IiJABUILYIOUU
TOYHICTh CETMEHTALlli Ta 3MEHIIIYIOUN O0CST BiI€OAaHUX JIsl OOPOOKH.

4. Bnepuie 3anporoOHOBAHO METOJ| arperaii 3HaHb MiXK TEKCTOBOIO Ta Bi3yaJbHOIO
yacTMHaMu y Bi3yaJdbHO-MOBHIM Mozemi (VLM) s o0poOku  ckiaagHHX
MyJIbTUMOJANBHUX  B3a€EMOJIIA, 10 3a0e3neuye OUIbII BUCOKY TOYHICTh
pO3MI3HaBaHHS CKJIAJHHUX CLIEH Ha BIJEO Ta iX OMHCY Y MOPIBHSAHHI 3 1CHYIOUHMHU

aHaJIOraMH.

I[IpakTyHe 3HAYEHHS OJIEPKAHUX pe3yJabTaTiB. Po3po0iieHl MeToau Ta MporpaMHi
3aco0HU CHPUAIOTh 3HAYHOMY IT1JIBUIIIEHHIO TOYHOCTI Ta MIBUAKOCTI PO3MITKHU TaHUX IS 3a]1a4
JIETEKI[li Ha BIJI€O, 3HUKYIOUM HEOOXITHICTh y PYUYHIM mIpali Ta OPUCKOPIOIYH MPOIEC
00po6Oku Ha 125% BigHOCHO MiAXO/IB 0€3 aBTOMATH3AIIll TPOIECY PO3MITKH JTaHUX Ta Ha 25%
BIJHOCHO 1HIITKX MIAXOJIB 0 aBTOMAaTHU3aIlli 6e3 BTpaTy TOYHOCTI. [IokpaIreHo BUKOPUCTaHHS
3HaHb, 3aKOJIOBAHUX Yy BEJIMKUX JIHIBICTUYHUX Mojesax (LLM) Ta MOBHUX MOJAIbHOCTSAX
Bi3yanbHO-MOBHUX Mojene (VLM), ans inimiamizamii Bi3yaJbHUX MOJIeNied Ta TeHeparlii
CEMAHTUYHO MOBHUX aTpHUOyTIB AJis OMHUCY TOTO, IO BIIOYBAETHCS HA BIACO, MIABUIIYIOYH
TOYHICTh pO3Mi3HaBaHHA B cepenHboMy Ha 4% y nopiBHsHHI 3 MeTogoM BIKE. [Tokpamieno
npoiiec BUOOPY KIIOUOBUX KaJpiB Ha BiJ€O, 110 3 J03BOJISIE 3MEHIITUTH 00'€M B1JI€OJJAHUX IS
noAanbIIoi 00poOKH B cepeHboMY B 6 pa3iB y nopiBHsHHI 3 MmeTogoM D-KTS. Tlokparnieno
IpOLIeC HAaBYAaHHS MOJIEJIEH 3 BUKOPUCTAHHAM METOy HplopUTe3alii, 1[0 MIJBUIIYE TOUHICTb
pobotu MeToay B cepeHboMy Ha 1,3% B MOpIBHSAHHI 3 BUKOPUCTAHHSIM BHUIIaIKOBOT BUOIPKHU
B1JI€O 3 TOTO K PO3MOJILITY TaHUX.

OcoOucTnii BHecOKk 3700yBada. YCl OCHOBHI pe3ylbTaTH AUCEPTAIIAHOTO

JOCJIIPKEHHS, SIK1 MPEJCTaBIICH] A0 3aXUCTY, OJIep>KaHi aBTOPOM OCOOUCTO. Y myOiKallisx,
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HalKUCaHUX y CIBAaBTOPCTBI, 3100yBaueBl Halle)KaTh HACTYIHI pe3yabTaTu: [2] - 3m00yBauem
MPEJCTAaBICHO HOBY apXiTEKTypy Ii Ha3Bowo AttrdVis, mpuszHaueHy Jisl MOJETIICHHS
MYyJIbTUMOJATBLHOTO HaB4YaHHA VLM, mo mpeacTtaBieHO y aucepTallii y BUIIIAII METOIY
aKTUBHOI'O HaBYaHHS Ha Bifeo; [3] - 3m00yBayeM 3ampoONOHOBAHO BIOCKOHAJIICHUM MIIX1T 3
BUJIVICHHSIM KJTFOUOBHMX KaJIpIB Ta ITEPATUBHUM YTOUHEHHSIM TPaHUIIb KIFOYOBUX KaApiB, 110
MPECTABICHO Yy AUCEPTAIlli Y BUTJIAIL ITEPATUBHOIO METOIY IO BUOOPY KIFOYOBUX KaJpiB Ha
Bizieo; [4] — 3100yBaueM 3apONOHOBAHO HOBITHIN MiJXi/ 10 HABUAHHS HEUPOHHUX MEPEXK Ha
BiJI€O, sIKUM 0a3yeThcsl HA BUOOPI CKIIAIHUX 3pa3KiB Ta MOJAIBIINM HaBYAHHSM Ha HUX; [5] -
3100yBayeM 3ampolOHOBAaHO HOBITHIM MiAXiA [0 HABYaHHS HEUPOHHUX MeEpex Ha
300paxeHHsX, SIKUi 0a3yeTbcsi Ha BUOOP1 CKIQJHUX 3pa3KiB Ta MOJAJIBIIMM HaBYAHHSM Ha
HUX; [6] - 3m100yBaueM €KCIEPUMEHTAIBHO JIOBEJICHO BIUIMB TOYHOCTI reHepallii aTpuOyTiB Ha
TOYHICTb TPOTHO3YBAHHS MOJEJIEN MAIIMHHOTO HaBYaHHS, 110 MPEACTABICHO Y JIUCepTallii y
BUIJISIAL AJITCOPUTMY 30aradyeHHs JIEKCUKOHY aTpUOYTIB.

Anpofauia pe3yabTaTiB aucepranii. OCHOBHI pe3ylbTaTH JHUCEPTAIIITHOTO
JOCIIIPKEHHST JTIOMOBIJIAIMCS Ta OOTOBOPIOBAIUCA HAa MIXKHAPOJHUX HAYKOBO-TPAKTUYHUX
koHpepenuisx: The Fourth International Conference on Computer Science, Engineering and
Education Applications, ICCSEEA2021 (Kyiv, Ukraine, 2021); Intelligent Systems
Conference 2022, IntelliSys 2022 (Amsterdam, The Netherlands, 2022);The 3rd International
Conference on Artificial Intelligence and Logistics Engineering, ICAILE2023 (Wuhan, China,
2023); Software Engineering and Advanced Information Technology, SoftTech 2024 (Kyiv,
Ukraine, 2024).

Iy6aikanii. OcHOBHI pe3ylbTaTH JUCEPTALlIMHOI pOOOTHM oOmyOJiKOBaHO y 6
nyOmiKaiisax, 3 SKux 4 CTarTi B NEPIOJUYHUX BUJIAHHSX, 110 MPOIHJIEKCOBAHO y 0a3l JaHUX
Scopus, 1 my6umikaitist ony0iikoBaHa y (axoBOMY BUAaHH1, BKIIFOUEHUX JI0 MEPETIKY HAYKOBHUX
(axoBUX BUAAHb YKpaiHU 3 MPUCBOEHHSIM Kateropii «b», Ta 1 myOmikamis y martepianax

MDKHApPOJHOT HAYKOBOI KOH(EpeHIIii.
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Crtpykrypa i obcar podoru. JlucepramiiiHa poOoTa CKIAJA€ThCS 31 BCTYMY, MIECTH
pO3AUTIB, 3araJIbHUX BHUCHOBKIB, CIIMCKY BHUKOpPUCTaHUX Jkepen 13 211 HaiimeHyBaHb Ta 8
NOMATKIB. 3aralbHUil 00cCsAT aucepTalii cTaHOBUTH 261 cTOpiHOK, 3 sikux 161 cTopiHOK

OCHOBHOTO TE€KCTY Ta MICTUTb 63 puCyHKIB, 18 Tabnuils, 9 popmy.



27

1 3ATAJIBHI MMOJIOKEHHS IS 3AJAYI IETEKII{
OB’CKTIB HA BIJIEO

1.1 Orusix cy4acHOro CTaHy MeToliB KOMII'IOTEPHOI0 30py

3a ocTaHHE AecATUpIvYs BiAOYBCsS 3HAUHUM mporpec y pizHux cdepax I, MmammunaHOTO
HaBYAHHS, MITYYHUX HEHPOHHUX MEPEXK Ta KOMIT'HOTEPHOTO 30py. lnealibHUM NpUKIaI0M
Bu3HauHoro nporpecy LI € npoekt "Asirra" Big Microsoft Research [27], 3anymienuii y 2006
pOIll KJIIIOYOBOKO METOI0 SKOTO OyJO HABYUTHUCA BIAPI3ZHATH OOTIB BIJ JIOJIEH B MeEpexi
InTepuer. KopuctyBauaM cTaBUIIOCH Iy»€ MPOCTE 3aBAaHHSA: BIAPI3HUTU KOTa BIJl COOAKH 3a
dotorpadiero. dororpadii Opanucs 3 poToOAHKY TBAPUH 3 TPUTYJIKIB, SIKUI TOCTIHHO 3pOCTaB
Ta OHOBIIOBaBCs. Ha "yac cTBOpeHHs MpOrpaMHOro 3a0e3MeyeHHss BOHO BU3HABAJIOCHh Maike
171eaTbHUM, OCKUIBKH ISl BUPIIIIEHHS 3aBJaHHs HE00X1HO Oyio ctBopuTH 3aranbhuii 111, mo
BBaxkasiocsi NP-noBHO0 3aauero. Halikpanii miaxoan Toro yacy Jocsraiid TOYHOCTI, OJU3bKOT
no 60%, Todl SK BUMAAKOBE BrajyBaHHS Mayo TOYHICTH 50%, 1m0 poOMIIO0 WMOBIPHICTH
MPaBUJIBHOTO MPOTHO3YBAHHS JJIsI IEKIJIbKOX KAPTUHOK MajToMMOBIpHOI0. OJTHAK, MEHIIIE YUM
3a JECATUIITTSI, HAUKpaIlll alifOpUTMHU Ha OCHOBI METO1B 3 BUKOPUCTAHHS TTTMOOKHUX IITYYHUX
HEUPOHHUX MEPEXK 3MOTIIHM JOCATTH sSKOCTi O0am3bkoi 70 100%, 1m0 A03BOJMIIO TIPAaBUIBLHO
PO3Mi3HATH MOCHIIOBHICTH 3 10 300paskeHb 3 MOBIpHICTIO O11bI1T010 32 80%, a TTOCITOBHICTD
3 50 300pakeHb — 3 UMOBIPHICTIO O1TBIIOI0 32 60%. Takum YMHOM, KUTBKICTh TOMUJIOK B ITIH
CKJIaJIHIM 111 KOMIT'IOTepa 3ajaul 3MeHmunachk B 40 pasiB 1 cTajia MPaKTUYHO HYJHOBOIO.
3ayBaXMMoO, 110 BIAPI3HEHHS KOTIB BiJl COOaK € JIMIIE OJIHI€I0 3 Oe3iul BAXKIIUBIIIMX Ta
KOPHUCHIIIKX JJIs JTFOJICTBA 3a]1a4 KOMIT FOTEPHOTO 30PYy.

Xouya OUIBIIICT 3aj]a4, MOB'I3aHUX 3 PO3YMIHHSIM Ta Kiacu(ikailiero 300paxeHb BKe
MarTh JOCTaTHHO BUCOKY SIKICTb, a JJIA JEAKUX 3aJay KOMIT'IOTEPU MEPEBEPIININ JIIOACH,
HaInpuKiIad, 11 3afa4di kinacudikaiiii Ha HaOopi nanux ImageNet, mpoTe Bce 1€ 3aTUIIaloThCs

HEBUpilIEHUMU (yHIAMEHTaIbHI MPOOJIEMU KOMI'IOTEPHOIO 30py, fAKI TOTpeOyrOTh
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nocaipkeHHs. Jlo Takux mpoOjieM HaleXUTh 3ajada JeTeKIli 00'eKTiB Ha 300pa)KeHHI Ta
BU3HAYEHHSI TOYHOTO iX MOJIOKEHHS Ha 300pakeHHi [28], 10 € CKIIaHOI0 337a4el0 y HIYUM
HEOOMEXEHOMY CEpEeJOBHUIII Yepe3 pPI3HOMAHITTS 00’ €KTIB, iX pO3MIpiB, OCBITIICHHS,
MOXJIMBOCTI MEPEKPUTTS IIILOBUX 00 €KTIB IHIIMMHU 00’€KTaMM Ha CIIEHI, PI3HOr0 KyTa
3iloMKH, TOIO. MeToau neTekiii 00’ €KTiB MOXKYTh OyTH BUKOPUCTAHO B PI3HUX MPOTrpaMHUX
MPOAYKTaX, TaKUX sIK kiacudikaiis 300paxens [29; 30], ananiz noBeaiHku JoauHu [31],
aBTOHOMHE KepyBaHHs [32], po3ni3HaBaHHs 00iuub [33] Ta iHIIi.

OnuuM 3 HaWOLIBI YACTO BUKOPUCTOBYBAHUX 3aCTOCYBaHb MPOrPAMHUX MPOJIYKTIB 3
JeTeKIlii 00’€KTIB € BimeocnocTepexkeHHs Ta Oe3meka [33]. 3aBasku JeTekiii 00'€KTIB,
CUCTEMH BIJIEOCIIOCTEPEHKEHHS MOXXYTh aBTOMAaTUYHO BUSBIATH HeOakaH! MOii, Takl sK
BTOPTHEHHS B OYJIMHOK, KPaJIl’)KKH, arpecito, Ta HAJCUJIATH MOBIJOMJIEHHS B peaIbHOMY 4Yaci
i aHam3y. Jlerekiis 00'eKTiB Ha BIJEO IIMPOKO 3aCTOCOBYETHCS TaKOXK AJIA KEpyBaHHS
aBTOHOMHHUM aBTOMOO11eM [34] Ta B poGotorexHimi [35]. Hampuknaa, B aBTOMOOLIBHIM
MIPOMUCIIOBOCTI CUCTEMHU JAETEKII1 00'€KTIB MOXKYTb BUSIBJISITU MIIIOXO/IB, BEIOCUIIEIUCTIB,
1HIII1 aBTOMOO1T1, 1[0 MEPETUHAIOTH JOPOTY, @ TAKOK PO3IMI3HABATH IOPOKHI 3HAKHU Ta CUTHAIU
citnodopis. Lle Moxke TOMOMOTTH 3MEHIIIUTH KIJTBKICTh JOPOKHbO-TPAHCIIOPTHUX MPUTOJ] Ta
3a0e3neunTu 0e3neYHui pyx Ha J0po3i.

s netekinii 00'eKTiB HA 300paXKE€HHI BUKOPUCTOBYIOTHCA P13HI METOJIU, TaKl K METO]]
kackaguux knacudikaropiB [37], SSD [38], YOLO [39], Cascade R-CNN [40] Ta Mask R-
CNN [41], migxoau 0a30BaHi HAa BUKOPUCTaHHI MexaHi3My yBary, Taki ssk DETR [42], DINO
[43], CLIP [44] Ta GaraTo iHIIMX, K MOKa3aJll BUCOKY SIKICTh Ha CKJIJIHMX HaOOpaxX JaHUX
takux sk PASCAL VOC [45] ta MS COCO [46]. Ockinbku 3aBIaHHS AETEKIlT 00'€KTIB €
KJIFOYOBUM €TAIOM Yy BUINIE3raJaHUuX MPOrpaMHUX MPOAYKTAX, TO MIJBUILICHHS SIKOCTI JETEKIII1
00’€KTIB Ma€ BEJIMKUI MOTEHL1aJ BUIUIMBY Ha TOJIMIIEHHS IPOAYKTUBHOCTI Ta €EKTUBHOCTI
IpOLIECIB, MOB’A3aHUX 3 po3Mi3HaBaHHAM 00’ekTiB. [IpoTe, ICHYIOTH 3Ha4HI HpOOIEMH Yy
CTBOPEHHI YHIBEpCallbHOI CHUCTEMM JEeTeKIlli 00’€KTiB, 10 MOB’s3aHI 3 BHUIIE3TA/IaHOIO

po0JIEeMOI0 PI3HOMAHITTA 00’ €KTIB, a OTXKE ICHY€E MoTpeda y CTBOPEHHI Ta PO3MITII BEJIMKUX
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Ha0OoPiB JaHUX. Y HAYKOBIH JiTEpaTypi JOCHIAHUKH MPUILIUIN 0araTo yBaru BUPIIICHHIO €T
npobnemu. Hanpuknan, aeski pociipkeHHs [47-50] Oynu mpoBefeHl 3 METOK BHUPIIICHHS
npobsiemu netekilii o0'ekTiB. HoBl migxoau a0 po3mitku nanux [51], [52] momomararoTh
3MEHIIINTH BapTICTh PO3MITKH JaHUX, aJie BCE K MPOIEC PO3MITKU JaHUX IS 3a7adl JeTEKIli

00’ €KTIB 3aJIMIIAETHCS HAJI3BUYANHO TPYIOMICTKHUM Ta JIOPOTUM.

1.2 Orasix meToaiB AJisi BUPIIIEHHA 3aa4i qeTeKuii 00’ €KTiB

B obnacti xomm'totepHoro 3opy y 2014 porii 3'sBUBCS MeTOH AeTeKlii 00 €KTIB Ha
300paxenHi Region-based Convolutional Neural Network (R-CNN) [47]. Lle#t merton
BUpPILIYBaB Ba)XKKE 3aBJAHHS 3HAXOJKEHHS MICLEMOJIOKEHHS Ta Kiacu@ikanii 00'eKTiB Ha
300paXeHHSX [MUITXOM MOETHAHHS METOIy TeHepallii KaHIuaaTiB 00’ €KTIB 3 KjIacu]ikatopom
Ha 06a31 CNN. Meton R-CNN BUKOpPHUCTOBYE alropuT™ BUOIPKOBOTo Momyky Selective Search
[53] asist BUBHAUEHHS TPAHUIIb MOTEHIIINHUX 00’ €KTIB (KaHIU/IaTiB) HA OCHOBI MEPUEITUBHOTO
IpyIyBaHHS MIKCENIB 32 KOJIbOPOM, TEKCTYPOIO Ta 1HIIUMHU aTpuOyTamMu HU3bKOro piBHs. L1
KaHAUAATH CIyryBaiu (PyHIZaMEHTOM IJisi MOAaNbIIoro aHanizy. KoxkeH 3ampornoHoBaHUM
KaHAUAAT Jaji TpanchOopMyBaBCs Ta HOPMaTi3yBaBcs A0 €AMHOT PO3MIPHOCTI, sIKa 1MoJlaBaiacs
Ha Bxii CNN, mo Oyna momnepeaHbO HaBUYCHA Ha PI3HOMAHITHUX HaOopax JaHuX IS
Kiacudikaiii 300pa’keHb.

Ockinbku CNN kitacugikaTop He Mir BIIPI3HUTH Oy Ib-sIKUit 00 €KT BiJl POHY, TO aBTOPHU
3alpOINOHYBAJIM BUKOPUCTATH MIAXiJ OmopHHX BekTopiB (SVM), 3aBmanHsiM sikoro Oyna
OiHapHa Kjacuikawisg KOKHOTO KaHauAaTa aK 00’ €KT IHTepecy, SIKUi Haaalll Kiacu(dikyBaBcs
CNN, abo six QoH, ssKHil BIIKUAABCS 3 aHai3y. Takox aBTOPU BBEJIHM PETPeCiiiHy MOJIelb, 110
HamMmaranacs yTOYHUTH KOOPJMHATU 3alpOMOHOBAHUX KAHAMAATIB, TUM CAMUM IM1IBUIIYIOYU
TOYHICTb JIOKaJi3allii 00’ €KTIB.

Ha nactynnomy kpoii Meto R-CNN BUKOpHCTOBYBaB alrOpUTM HEMaKCHUMAJIBHOTO
npurHidyeHHs (NMS) [54]. Lleit anroput™m Buaalis€e PErioHH, MO CUIBHO MEPETHUHAIOTHCH,

3aJIMIIAIOYH JINIIE TI, IKI MaJd MaKCHMaJbHI OIIHKH BIIEBHEHOCTI. NMS HeoOX1IHHHN IS
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yCyHEHHs AyOJiKaTiB A€TEKii AJisl OTHOTO 00’ €KTY, 1110 3a0e3Mneuy€e OJJHO3HAUHUMN Pe3yabTaT
poOoTH 3amponoHoBaHoro mMetony. OcHoBHI Kpoku MeToay R-CNN 300pakeHO Ha pUCYHKY

1.1 [47].

warped region

acroplane? no.

person? yes.

1. Input 2. Extract region 3. Compute 4. Classify
image proposals (~2k) CNN features regions

tvmonitor? no.

Pucynoxk 1.1 — IlpeacraBnennst ocHoBHUX KpokiB MeToay R-CNN [47]

Hanani meton R-CNN BaockoHamtoBaBes yepes itepaiiii, Bizomi sik Fast R-CNN [48] 1
Faster R-CNN [49], koxHa 3 SKMX MIJBUINY€E SK TOYHICTH METOAY JETEKIlli, Tak 1 Horo
IIBUJIKOIIIO.

Fast R-CNN [48] € monudikariiero metory R-CNN Ta Biipi3HAETHCS Bl HBOTO THM, 1110
CIIOYAaTKy BHUKOPHUCTOBYE 3ropTKOBY HeHpoHHy Mepexy (CNN) s reHeparii Mamu
pernpe3eHTalii 3 BxigHoro 3o0paxeHnHs. [licas nporo, ananoriudo 10 R-CNN, 3a gonomorozo
anroputMy Selective Search BU3Hauar0ThCs KOOpAMHATU KaHUJIATIB, K1 HA3UBalOTh Region
of Interest (ROI). [lani ko’keH KaHIUAT NPOXOJIUTH Mpouenypy myiinry penpesenrailii (ROI
Pooling) 3 CNN, sika arperye penpeseHTailii ajs KOXHOro kKanauaara y pikcoBaHuM BEKTOP.
[licnst ©pbOro KOXKEH KAHAWAAT MPOXOJUTHh Yepe3 IMOBHO3B'SI3HY HEUPOHHY MEPEXY IS
kiacudikaiii Ta perpecii KOOpJuHaT 0OMeEXyBadbHOI pamku. BuxigHi mani knacudikamii
HaJIaf0Th PO3MO/ILJI KMOBIPHOCTEH 3a PI3HUMHU KjlacaMu 00’ €KTiB, TOA1 sIK BUX1IH1 TaH1 perpecii
YTOYHIOIOTH KOOPANMHATH 00MexXyBaabHUX paMoK. L1 tokalii moTiM QpiasTpyrOThCs Ha OCHOBI
anroputMy NMS i ycyHeHHs 1y0iikaTiB. CxeMaTuyHe NpecTaBiIeHHs KpoKiB MeToay Fast

R-CNN 300paxkeHo Ha pUCyHKyY 1.2.
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Pucynok 1.2 — IlpencraBienns ocHoBHUX kpokiB MeTony Fast R-CNN [48]

OcnoBna nepeara Fast R-CNN y nopiBasiHHI 3 opuriHaiibHuM R-CNN nossirae B Tomy,
110 BiH MpAIlfO€ MIBUJIIIE 3aBASKH 00'€ JHAHHIO MPOLIeCY TeHepallli Manu pernpe3eHTalin 1is
KaHAUAATIB B OJIHY MOJENb, IO JONOMara€ YHUKHYTH MHOXHWHHOTO OOpaxyHKY
pernpe3eHTaIli il KaHAWAaTIB, IO TMEPeCiKaloThCA, a OTXKE 3MEHIIUTH OO0YHCIIOBAIIbHI
BUMOTHM MeTony [48].

Faster R-CNN [49] — ue BmockonaneHHsi Mmetony Fast R-CNN [48], mo migBuiye
e(heKTUBHICTh BUSIBIEHHS 00 €KTIB 32 PaXyHOK BBEJEHHSI I'€éHepaTopa KaHIUJIaTiB PETi1OHIB
(Region Proposal Network, RPN). ®ynnamenranbHa iHHOBaIlIS nojsirae B iHTerpaiii RPN y
3arajibHy apXITeKTypy, 10 3abe3leuye HACKpi3HE HABUAHHS SIK I TeHepallii KOOpAUHAT
KaHAUAATIB, TaK 1 A4 3a7a4l kiacudikarii 00’ €KTiB.

Faster R-CNN nouuHaeTbcst 3 TPOXOIKEHHSI BX1HOTO 300paKeHHs Yepe3 3rOpPTKOBY
HeliponHy Mepexy (CNN), sika BULIsi€ 00’ €KTH Ta CTBOPIOE Maity pernpe3enTariil. [Totim RPN

BUKOPHUCTOBYE I[I0 Mamy pemnpe3eHTarliii, mob 3amponoHyBaTH KOOPIAWHATU MOTEHIIIHHUX
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KaHAUAATIB Ta BIJMNOBIAHI OI[IHKM TOTO, YM 3HAXOJAUTHCS OyAb-SKUI 00’€KT B CEpeauHi
3anpornoHoBaHux koopauHaT. RPN, mo0 edekTuBHO reHepyBaTH KaHAWAATIB PETIOHIB,
BUKOPHUCTOBYE TaK 3BaHl AKIPHI OOMEXYBaJIbHI paMKH, SIKI € TMONEpPEJHbO BU3HAUYECHUMU
0JiokaMu PI3HUX MaciITabiB Ta Mponopilii. 3anpornoHoBani perionu 3 RPN 06’enHytoThCs 3
BEKTOpaMu pernpeseHTailiii, srenepoanumu CNN, anroputmom o0’ eqnannst ROI Pooling, a
OTpUMaH1 pemnpe3eHTalli MOJAI0ThCS Yy MOB’s3aHl MIapu i kKiacudikaiii Tta perpecii
KoopauHaT 00’ekTiB. Pe3ynbraTom knacudikaiiii € WMOBIPHOCTI MPUHAIEKHOCTI 10 KJaciB
00’€KTIB, TOA1 SIK pe3yJIbTAaT perpecii yTOUHIO€ KOOPAUHATH 0OMEXYBaTbHOT PAMKH.

[limx yac HaBuaHHsA Mepexi, 1o ckiaamaerbess 3 CNN, RPN, kmacudikatopa Ta
perpeciiiHoi Mepexi, BUKOHYEThCS HaBYaHHS YCIX Mepex oaHoudacHo. DyHKIs BTpaTu
OXOIUTIOE SIK 3aJjauy TeHepallii KaHIuJaTIB PErioHiB, Tak 1 3aJady BUSBJICHHS 00’ €KTa,
3a0e3Meuyrour HacKpI3HUM Mpolec onTuMizalli ycix KoMrnoHeHTiB mMeroay Faster R-CNN.
CxemaTtuuHe mnpejacTaBiieHHs ocHOBHUX MeTony Faster R-CNN 3o00paxkeHo Ha pucyHnky 1.3
[49].

For each ROI

ROI spatial i
featiuras Classification

Width [
Height ]
X center []
) Y center ] Class
ResNet101 ! RPN

Feature Extractor

ﬂ TxTx1024
Block [Block I8 ROI Poaling
' 1 2 l

Feature

Nxidxidx1024 concatenation

Spatial Convalutional

Pucynok 1.3 — IIpencraBienns ocHoBHUX kpokiB MeTony Faster R-CNN [49]

Mask R-CNN [41] — ue Baockonanenus metony Faster R-CNN [49], npuzHauene st

BUPIIICHHS 3a7a4yl CerMeHTallli 00’€KTIB IUIAXOM BKIIOYEHHS J0JATKOBOI MiAMEPEXi s
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reHepaiii Macok OO €KTIB 3aMICTh OOMEXYBaJbHUX paMOK. BiH po3lIUpro€e MOMXIHBOCTI
BUSIBJIEHHS 00’ €KTIB, 110 3a0e31euye OUTbII TOYHE BU3HAUEHHS MeX 00’ €KTIB Ha 300paKEHHI.
Merton 0a3yeThcsi Ha BUKOPUCTAHHI CHUIBHOT 3ropTKOBO1 HeiipoHHOi Mepexi (CNN) s 3amau
IEeTEKII Ta cerMeHTarii.

OnHovacHO 3 TUIKAaMM TeHepallii perioHiB KaHAUAATIB Ta BUSBICHHS 00’ €KTIB,
HasBHuMH y Faster R-CNN, Mask R-CNN Bkitouae rinky macku. Ls riika nparoe Ha KapTi
BEKTOPIB pernpe3eHTallii 1 mpu3HaueHa AJisi IPOTHO3YBaHHS MAaCOK CErMEHTAIIlT JIJIsl KOKHOTO
periony inTepecy (ROI), 3anmponnonoBanoro mepesxeto nponosuiiiii periony (RPN). ITigmepexa
Uit TeHeparlii cerMeHrtarii  BukopuctoBye CNN jans  Oi"apHoi  kiacudikaii
MICIIE3HAXO/UKEHHSI MeX Macku i koxkHoro kanaumara (ROI). Ilim vac HaBuaHHS
3reHepOBaH1 MACKU MOPIBHIOIOTHCS 3 HASIBHOIO PO3MITKOIO, a (DYHKI[IS BTPAT BUSHAYAETHCS K
MOMIKCeNIbHA OlHApHA TEpeXpecHa EHTPOIis, IO JO03BOJISE OTPUMATH BHCOKI MOKa3HUKH
aKocTl ang uiei miaMmepexi. I[lpencraBieHHst ocHOBHUX KpokiB Metony Mask R-CNN

300paxeHo Ha pucyHKy 1.4 [41].

RolAlign

Y

Pucynoxk 1.4 — IlpeacraBnennst ocHOBHUX KpokiB MeToay Mask R-CNN [41]
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Amnanorigno g0 Fast R-CNN [49] Mask R-CNN TpeHyeThcsi HAaCKpi3HO — OJIHOYACHO
onTuMi3yroThes miamepexi RPN, kimacudikarii 00’exTiB, perpecii 0OMexXyBalbHOT paMKHU Ta
MPOTHO3YBAHHS MOMIKCETbHUX JOKalii macok. L[ HackpizHa onmTumizallis rapaHTye, IO
MOJIeIb HABUUTHCSI BUKOHYBATHU 3aBJIaHHS BUSBJICHHS 1 CETMEHTAIlli 00’ €KTIB.

Mask R-CNN BusiBUBCS MOTYXHOIO TUIATGOPMOIO JiS 3aBJaHb, SIKI BUMararoTh
JETAaTbHOTO MPOCTOPOBOIO PO3YMIHHS, HAaNpUKIaJd, HAMNPUKIAA aHailizy MEIUYHUX
300paxeHb. OjHOYacHE MOJENIOBAHHS JJis 3aJad JACTEeKIil 1 CerMeHTalli CHpHUsIOo
BJIOCKOHAQJICHHIO TOYHOCT1 MPOTHO3YBaHHS Ta MIABUIIUIIO SIKICTh MPOrPaM KOMIT FOTEPHOTO
30Dy, SIKi MOTPEOYIOTh IETAIbHOTO OKPECIEHHS 00’ €KTIB.

Cascade R-CNN [40] crmemiaasHO po3poOaeHHI sl MiABUIIEHHS TOYHOCTI TeHeparlii
perioHiB 00’ekTiB. Llst Mogens yaockonamtoe Faster R-CNN [49], nonarouu kackaa 1€TEKTOPIB,
KOKEH 3 SIKMX MOCII1JIOBHO HABYAETHCS, 30CEPE/KYIOUNCh Ha TeHepalliil Jokaizalii 00’ €KTiB 3
PI3HUM PIBHEM TOYHOCTI.

B ocHOBI apxiTeKTypu CTOIiTh 3ropTkoBa HeiipoHHa Mepexka (CNN), sika BinoBijae 3a
reHepaIlilo Mamu pemnpe3eHTallii 13 BXiAHOro 300paxeHHs. Lli mamu pemnpeseHTarii mani
MOJAI0ThCS Ha KacKaj] HeMpoHHUX Mepex. KoxkeH eleMeHT Kackaay € AETEKTOPOM 00’ €KTIB,
HAaBUYCHUM JJIsI BUSIBIICHHS 00’ €KTIB 3 MEBHOIO TOUHICTIO Jokamizarii. [lepmuit nerexrop y
KacKaJll 30Cepe/KYEThCA Ha JIETKO MOMITHUX 00’€KTaX, K MPaBUJIO, 13 BUIIUMHU OIL[IHKAMU
nocToBipHOCTI. [loMUIKOBI ClpallbOBYBaHHS 3 LIOTO €Tamly 3roJ0M BiA(UIBTPOBYIOTHCA, a
KaHAUAATH, 10 3aJTUIIUINCS, EPEXOAsITh 10 HACTYNMHOro ertamy kackany. [lomanbmn etamu
npu3HayeHl s oOpoOKM Aenall CKIAIHIMUX 3pa3KiB, MOCTYHOBO MiJABUILYIOYM TOYHICTh
Jokani3auii 00’ €KTIB Ta TOUHICTb AeTekli. [1i1 yac HaBUaHHS KOXEH eTall KacKaJly HaBYa€ThCs
HE3aJIe)KHO, a TTOMIWJIKOBI CHPAIlbOBYBAHHS 3 OJTHOTO €Taly CTal0Th HEraTUBHUMU 3pa3KamMu
Uil HacTynHoro eramy. Lleil HAackpi3HMH MIAXiA 1O HaBYaHHS BJIOCKOHAIIOE 3JaTHICTh
JETEKTOpa PO3PI3HIATH 00’€KT 1 POH, MPUUOMY KOXKEH €Tall CIpHsie€ MIABUINEHHIO TOYHOCTI

JIOKai3ari 00’ €KTIB.
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Kackanna cTtpykrypa A03Bojsie OUIbII JETadi30BaHO OOPOOJSATH KOXKEH 3 00 €KTIB,
€(EeKTUBHO 3MEHINYIOUM KUIBKICTh MOMHJIKOBHUX CIpPallbOBYBaHb 1 MIJBUIIYIOYH TOYHICTb
nokami3zarii. Cascade R-CNN mae nepeBaru Tam, Jie JOCATHEHHS BUCOKOT TOUHOCTI JIOKaTi3arlii
Ma€ KpUTHYHE 3HAYEHHS, HAMPHUKIAJA y Mporpamax, MOB’S3aHUX 13 3aBJAaHHSIMU OE€3IEKH,
CIIOCTEPEKEHHSI, PO3MI3HABAHHS KPUTHYHUX 00’€KTIiB ToImio. IIpencTaBieHHS OCHOBHHUX

kpokiB Metory Cascade R-CNN 300paxkeno Ha pucyHky 1.5 [40].
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Pucynok 1.5 — IlpeacraBinenns ocHoBHUX KpokiB MeToay Cascade R-CNN [40]

Single Shot Multibox Detector (SSD) [38] cnenianbHo po3poOaeHuid 15l JOCSITHEHHS
Kpaimoro OallaHCy MiX IIBUJKICTIO BHUKOHAHHS JETEKIli Ta TOYHICTIO BUSBICHHS Ta
nokanizauii 00’ekTiB. 3a CBO€r0 CyTTO SSD mpencTtaBisie METOJ, KU BUKOHYE JETEKIIIO
00’€KTIB NUISIXOM JAoJiaBaHHA B icHyroul Mojeni CNN AekiIbKOX JOAATKOBHUX 3TOPTOK, IO

BUKOHYIOTh 3ajaul kiacudikaiii ta perpecii koopauHat o0’ekrtiB. Ines SSD 3ocepemxena
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HaBKOJO 3ropTkoBoi HedpoHHOi Mepexi (CNN), sk mpaBuio, MOXITHOT BiJ yCTaJ€HUX
Mozenel, Takux sik VGG abo ResNet, 1m0 BianoBigae 3a redepailito Mam penpeseHramii. Ha
BIIMIHY B1J IHIIIMX METOMAIB Ta MIAXOMAIB JAETEKIli 00’ €KTIB, SIKI BUKOPUCTOBYIOTH OJIHY MaIly
penpe3eHTaiiid, SSD MICTUTh JeKiIbKa Mall penpe3eHTallii 3 pi3HOI0 PO3JIUILHOO 3/IaTHICTIO,
10 J03BOJISIE 3HAXOAWUTH Pi3HI 3a po3Mipamu 00’ektH. 1{i Mamu pemnpeseHTalii MoTiM
BUKOPHUCTOBYIOTHCS JIJII MMPOTHO3YBaHHSI KOOPJMHAT 00 €KTIB Ta WMOBIPHOCTEH KiaciB Jist
JeTekIlii 00’ekTiB y pizHuX po3mipax. KoxkHa mana pemnpeseHTalliii crpusie 3aXOIICHHIO
00’€KTIB PI3HOTO PO3MIpy, TapaHTyIOUW, L0 ACTEKTOP 3JAaTHUN MpalloBaTU 3 UIUPOKUM
Jiarna3oHoM macmTabiB 3a oauH mnpoxin. [IpencrtaBieHHs OCHOBHUX KpOKiB meToay SSD

300paxeHo Ha pucyHky 1.6 [38].
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Pucynok 1.6 —IIpeacraBneHHst OCHOBHUX KpoKiB MeToay SSD [38]

SSD BukopuctoBye HaOip AKIpHUX OJIOKIB Il TeHepallii JIoKallli KaHAuJaTIB s
00’exTiB, aHasoriuno 70 RPN Faster R-CNN. L1 010ku ciy’aTh €TaJOHHUMH I1a0JIOHAMHU
JUIsl IPOTHO3YBaHHA OOMEXKYBAJIBHUX PAMOK 1 MMOBIpHOCTEN kiacy. AHanoriyHo g0 RPN
Faster R-CNN 1nokaiii KaHAMIaTiB YTOYHIOIOTH PETrPECIMHOI0 MEpPEXero, Mmo0 Ti JImiie
Yy3ro/KyBaTUCh 13 peaJlbHUM poO3TalllyBaHHsAM 00’€kTiB. HasBHICTD AEKUIBKOX Mall
pernpe3eHTalli, A0 SKUX 3aCTOCOBYIOTh CBOi SIKIpHI OJIOKH, TapaHTy€ IIUPOKE MOKPUTTS

00’€KTIB 3 PI3HUMH PO3MIPOM, MICII€3HAXOHKEHHIM Ta TUCTAHIIEIO B1Jl KAMEPH.
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[Tix gac nporHo3yBaHHsi SSD reHepye Bcl MamlM penpe3eHTalii 0JHOYacHO, HaJlaluu
MOBHMI HaOlp AaHUX JJIsi TPOTHO3YBaHHS BCiX 00’€KTIB PI3HOr0 po3Mipy ojaHoyacHo. Llei
BHUCOKOIApaleIbHUNA MIAX11 JOTOMAara€e MOJENl JOCSITHYTH BUCOKOI CTENEH1 €(pEeKTUBHOCTI,
JI03BOJISIFOYM BUKOHYBATH JIETEKIII0 O0’€KTIB B peaIbHOMY 4aci Ha MpoIecopax 3 Mayoro
O0OYHCITIOBAJILHOIO MOTYKHICTIO.

OT1xe, reHepailisi MyJbTUPO3MIPHUX Mal perpe3eHTalli y MoeAHaHHI 3 BUKOPUCTAHHSAM
MIIX0AY AKIpHUX OJIOKIB N103BoJisie SSD nmocaratu BUCOKOI MPOAYKTUBHOCTI 3 TOYKU 30pYy
TOYHOCTI Ta MBHUJKO/IIi Ha MAJONOTYKHUX OOYUCIIIOBAJILHUX cucTeMax. MeTos Mae nepeBaru
y CIIEHapIsX, [0 BUMAararTh €(EeKTUBHOI Ta TOUHOI JETEKI[ii 00’ €KTIB, TAKUX SIK YIPABIIHHHS
POOOTOTEXHIKOIO Ta aBTOHOMHE KEpyBaHHS aBTOMOO1JIEM.

YOLOvV10 [50], a6o You Look Only Once v10, € onaum 3 HailiCy4yacHIIIMX METOJIB
neTeKuii 00'eKTIB, AKUI BIOCKOHAIIOE Helipomepexxy YOLO Ta nigBuurye ii IpoIyKTUBHICTh
MOPIBHSIHO 3 TMOMEpeNHIMU BepcisiMu. Meton 30epira€  KOHIIEMIIO OJHOETATHOTO
MPOTHO3YBAaHHS KOOpAUHAT OO0'€KTIB, WMOBIPHOCTEH [ KJIAciB OO0’€KTIB 1 BBOAUTH
JOJTaTKOBHM MOKa3HUK O0'€KTHOCTI, 11O MIJIBUILYE AKICTh 3HAHAEHUX 00'€KTIB Ta 3a0e3nedye
poboty B peanbHoMy yaci. YOLOvI(O BUKOpHUCTOBY€ HOBITHI TE€XHOJOTIi, 30KpeMa Vision
Transformers (ViTs), ki MiIBUILYIOTh KOHTEKCTYaJIbHE PO3YMIiHHS 00'€KTIB Ta 3a0€3M€4yIOTh
THYYKICTh MOJEN1 JAJIs aJanTanii 0 pi3HUX MacmTadiB 00'€KTiB HA 300payKEHHSX.

Metong YOLOvIO Bkiroyae BAOCKOHAJEHY IMipaMiay penpe3eHTalil gisi oOpoOku
00'eKTIB PI3HUX PO3MIpiB. 3aBASKHU 1HTErpaiii TpanchopMepiB Ta MOKpAIEHI CTPYKTYpi,
METOJ] 3JaTHUN NepeaBaTh XapaKTEPUCTUKU MK PISHUMHU PIBHSIMU TTTUOUHU, 1110 M1BUIILYE
3/IaTHICTh BUSBIATU JpiOHI 00'€eKTH HaBITh y ckiagHux cueHax. IlepeBaroro YOLOVI1O0 e
BHCOKA IMIBUKICTh OOPOOKH 300PKEHb.

Jns 3abe3nedyeHHss ToyHoro mnepeadadeHHsa Mex 00'exkTiB YOLOvIO BuKOpuCTOBYE
aJlanTUBHY CHCTEMY SIKOPIB, sIKa HAJAIITOBYETHCS NI PI3HUX KaTeropiil 00'eKTiB HA OCHOBI
MeTpuk Intersection over union (IoU). Ile mo3Bosie Moa€Nl MABUIIUTH TOYHICTh BUSBICHHS

B 3a71a4ax 3 00'ekTaMu pi3HUX (GOPM 1 pO3MipiB, MOKPAIYIOUH 3arajibHI MOKa3HUKHU CEPEAHBOT
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touHocTi (mAP). Ha Biaminy Big nonepeanix Bepciii, YOLOvV10 mae 3Ha4HO BHUIILY TOYHICTh
JETEKIIi1 3aBJSKN MIKPOTIOHIHTY, SIKMM ONTUMI3Y€ Baru JiJisi OKPEMHX KJIaciB 00'€KTIB.
Hapuannss YOLOvVI10 06a3syerbcsi Ha Hackpi3Hiil onrTumizaimii (QyHKIii BTpar, sika
BpaxoBy€ MOMUJIKHM Kiacudikaiii, Jokamizamii Ta 00'ekTHOCTI. BaockoHanmeHuil mpoiiec
HaBYAaHHS 3 BUKOPUCTAHHSIM BenuKuxXx MOBHHX Mozeneit (LLMs) 3a0e3neuye reHeparito
JOJTaTKOBHUX aTpUOyYTIB JUIsl 00'€KTIB, 10 3HAYHO MIABUIIY€E THYYKICTh MOJENI JUIs AETEKLIT Y
CKJIQIHUX 1 AuHamMiyHuX ymoBax. [IpencraBieHHss ocHOBHUX KpokiB MmeToay YOLOvI1O

300paxeHo Ha pucyHky 1.7 [50].
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Pucynok 1.7 —IIpeacraBnennst ocHOBHUX KpokiB MmeToay YOLOv10 [50]

[TopiBHsAHO 3 1HIMMHU MeToaamu aeTekilli, TakuMu K R-CNN, Fast R-CNN, Faster R-
CNN, SSD ta Mask R-CNN, YOLO v10 gemoHcTpy€e onTuManbHUN OaaHCc Mik IIBUJIKICTIO
Ta TouHicTio. Hanpukinazn, metonu cimeiictBa R-CNN 0a3yroThcst Ha OaraToeramnHiii o0poOri,
110 BKJIFOYA€ BUOIp pPETi0HIB, KJIacU(IKaIlII0 Ta KOPEKIIio Mex 00'ekTiB. Le 3a0e3neuye BUCOKY
TOYHICTb, OJIHAK 3HAYHO YHOBUIBHIOE TMPOIEC MAETEKIii, M0 POOUTH I[I METOAW MEHII

MpUIATHUMH I 3aa4 peanbHoro dacy. Boanowac YOLO v10, 3aBasiku ogHOETaTHOMY
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MiIXO0AY Ta BJIOCKOHAJICHIN apXITEKTypl HEHpPOMEpPEXi, JO3BOJSE€ OJHOYACHO BUSBIATH Ta

KJ1acuQiKyBaTh 00’ €KTHU 3a OJIUH MPOXIiJ, 1110 CYyTTEBO 3MEHIIIY€E Yac 0OPOOKH.

1.3 TlopiBHSIHHSI MeTOIB AeTeKIlil 00’ €KTIB

s mopiBHSAHHS METOAIB AeTekIlii 00'ekTiB, Takux sk R-CNN, Fast R-CNN, Faster R-
CNN, Cascade R-CNN, Mask R-CNN, SSD, ta YOLO v10, O6yno 3acTocoBaHO AEKLIbKa
KIIFOYOBUX KpuUTepiiB. OCHOBHMMU MapamMeTpamu, IO CIYyTyBajdu JJIs OIL[IHIOBAHHS, CTaju
apXiTeKTypa HelpoMepexki, IBUIIKICTh 00pOOKH 300paKeHb, TOUHICTh ACTEKIIi1, MPU3HAYEHHS
JUTSl KOHKPETHUX 3aB/IaHb, @ TAKOXK YHIKAJIbHI 0COOJUBOCTI KOKHOTO METOY.

CrpykTypa Ta KJIIOYOBI KOMIOHEHTH KOKHOTO METOAY € BaXJIMBUM (PAKTOPOM, SIKUI
BH3HA4a€e Horo e€(heKTUBHICTh, aIallTUBHICTh 1 MOXKJIMBICTh 1HTETpallii 3 1HIIUMH METOIaMHU.
Hanpuxnan, R-CNN BukopuctoBye anroput™ Selective search ans mpomo3uitii perioHis, 1o
3a0e3nedye TOYHICTh, ajle 3HaYHO 3HMWXKY€e mBUAKICTh. Ha Biaminy Big nporo, Faster R-CNN 1
YOLO v10 inTerpytoTh reHepaiito J0Kailito o0'eKTiB 1 iX Ki1acudiKallio B €JUHUN MPOIIEC, 1110
3HAYHO CKOPOYYE Yyac 0OpOOKH.

[IBuaKicTh OOPOOKHU € BUPIMIATIBHUM KPUTEPIEM JJISI 3a1a4 PEATbHOTO 4acy, TAaKUX SIK
B1/ICOCTIOCTEPEIKEHHS, aBTOHOMH1 TPAHCHOPTHI 3aco0u abo MoOUIBHI Aonatku. Hampuknan,
Metoau SSD ta YOLO v10 neMoHCTpyIOTh HaJ3BUYaliHO BUCOKI TOKa3HUKHN 00poOku (Bia 20
no 300 kaapiB B CEKyHAY), L0 POOUTH iX MNPUIATHUMH JUIsl CLIEHApIiB, i€ BaXJIUBO
MiHIMI3yBaTu 3aTpuMKy. Bognouac, Taki Mmogeni sk Mask R-CNN ta Cascade R-CNN, siki
MalpTh BHILY TOYHICTb, OOPOOJSAIOTH JaHI NOBUIBHIIIE, IIO MOXE OOMEXyBaTH ix
3aCTOCYBaHHS B PEKUMI peaIbHOTO Yacy.

TouHiCTh AETEKIi BUMIPIOETHCS 3a JOMOMOTOK cepenHboi TodHOCTI (MAP), 1 €
KPUTHYHOIO JJIs 3a0e3nedeHHst HaaiiHocTi nerekiii. HalBumry Tounicts qemonctpye YOLO
v10, sxa gocsrae 80-85% mAP nHa nHadopax manux, Takux sk COCO, mo poOuTs 1i OJHIEIO 3

HaioOubII TouyHUX Mozenel. Cascade R-CNN Takox 3a0e3leuye BUCOKY TOUHICTh 3aBISKU
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KaCKaJIHIil CTPYKTypi, II0 YTOUHIOE MEX1 O0’€KTIB Ha KOXXHOMY €Tari, OJIHAK II€ TaKOK
M1JBUIIY€E OOUYHCITIOBAIbHY CKIIAIHICTb.

Kosxen meTo Mae cBoi mepeBaru B 3ajexHocTi Bif 3aaa4di. R-CNN, Fast R-CNN, Faster
R-CNN i Cascade R-CNN opieHTOBaH1 TOJJOBHUM YHHOM Ha JeTeKIl110 00'ekTiB. Mask R-CNN,
y CBOIO Uepry, NpU3HAUYCHUH JJIsl CyMIIIEHHS 3a/1a4 JIETeKIli 1 cerMeHTallli, 1o poOuTh Horo
YVHIKaJIbHUM cepell 1HmuX miaxoniB. I{g BmactuBicts no3sosisie Mask R-CNN BupimryBatu
3aBJjaHHs, JI¢ He0OX1/IHE TOUHE BUIAIICHHS MEXK 00'€KTIB, TaKl sIK MEIMUYHUM aHAaIli3 300paKeHb
a00 po3ni3HaBaHHsA 00'€KTIB 3 HEOAHOPITHOIO CTPYKTYPOIO.

Oco0auBOCTI KOKHOTO METOAY BIUIMBAIOTh HA il aJalTHUBHICTh Ta YHIBEPCAJbHICTb.
Hanpuxnan, meroq R-CNN notpebye 3HauHOTr0 yacy st o0poOku 300paxkeHs uepes Selective
Search, Toai sx Faster R-CNN interpye Region Proposal Network (RPN), mo 3a0e3neuye
3HauHe ckopodeHHs yacy. YOLO v10 3a0e3neuye mBuaky oOpoOKy Ta BHCOKY TOYHICTh
3aBJSIKM ONTHUMI30BaHIN OJIHOETANHIN MEpPEKeBId CTPYKTYypi, sfKa JTO3BOJISIE MPOTHO3YBATH
00’€KTH 3a CITKOIO KOOPJMHAT, OXOIUIIOIOYM IIUPOKUM CHEKTp 00’€KTIB HA PI3HUX PIBHAX
MacmitaOyBanHsi. SSD  TakoXX BIAPI3HIETHCA BHUCOKOK IIBUIKICTIO OOpPOOKH 3aBIsKU
BUKOPUCTAHHIO OJHOETAITHOTO MIiAXOMy, OJHAK MOXE IMOCTYyNaTHUCS TOYHICTIO Y CKJIAIHUX
crieHax. [TopiBHIBHUN aHalli3 METOIB JIeTEeKIIl HaBeaeHo B Tabmumi 1.1. 3 tabmuii MoxHa
3poOuTH BUCHOBOK, 1m0 Metoau SSD 1 YOLO v10 € HalOuIbmI mpuaaTHUMH IS 3a1a4
peaJbHOro 4acy 3aBJsIKM BUCOKIM IIBUIKOCTI 00poOku kaapiB, npore YOLO v10 Takox
JEMOHCTpPY€E OUIBII BHUCOKY TOYHICTh 1 3JaTHICTh JO MacluTaOyBaHHS, IO POOUTH HOro
JTIEpOM cepell METOJIB JeTeKIli 00'ekTiB s peanbHuxX 3acTtocyHkiB. Cascade R-CNN Ta
Mask R-CNN 3a0e31euyoTh BUIILY TOUHICTb 1 IXOASTH JIJIsl 3aB/IaHb, 1€ BUMOTH JI0 TOYHOCTI
BAXKJIMBINIT 32 IIBUIKICTb, HaNpukiIaa [JJsi OOpOoOKM CTaTMUYHUX 300paxkeHb Yy

BHUCOKOTEXHOJIOTTYHUX rajayssix.
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Tabmums 1.1 — [lopiBHAIBHUN aHAMI3 PI3HUX METOIIB IETEKIli 00’ €KTIB

Typa

Apxirex- IIBuna-

KiCTh
(FPS)

R-CNN Selective ~2 FPS

Search +
CNN
Fast R-CNN
CNN
Faster R- Region
CNN Proposal
Network
Cascade Multi-
R-CNN  Stage
Faster R-
CNN
Mask R-Faster R-~4-8 FPS
CNN CNN +
Mask
Branch
SSD CNN

YOLO OCNN -+

v10

Grid

~7 FPS

~5-17
FPS

~6 FPS

~20-60
FPS

~200-
300 FPS

Tou-
HiCTh
(mAP)

~65%

~70%

~75%

~80%

~75%
JEeTEKITIS
70%
CerMeH-
TaIs
~70%

~75%

IMpusua-
YEeHHSA

Jlerexiis
00'eKTIB

Jlerexiis
00'eKTIB

Jlerexiis
00'eKTIB

Jlerexiis
00'€eKTIB

Oco0smmBoCTI

BuxopucroBye Selective Search
JUISL TIOIIYKY PEriOHIB, MOBLIbHA
yepes €Tany  PeriOHaJIbHUX
O0OYHCIICHbD.

3MEHIINB 00YHUCITIOBABH1
BUTPATH 3aBIISIKH BUKOPHCTAHHIO
ROI Pooling; TpeHyeThCS KIHIIEBO.
Honano Region Proposal Network
(RPN) JUISL
MIBUJIKOCT1; BUKOHYE TIPOITO3HIIIO

ITOKPAILCHHS

perioHiB 1 kimacudikamio B
OJTHOMY KPOIII.

Kackagni eramu MOOJIMIIYIOTH
TOYHICTH ~ Yepe3  MOCIHiJI0BHE
YTOYHEHHS;,  OpUAATHAW A
BUCOKOTOYHOI AETEKIIIi.

Herexmis + Posmmproe Faster R-CNN  mis

CerMeHTarlisi CEeMaHTUYHOI

Jletexiis
00'eKTIB

Jletexiis
00'eKTIB

CerMeHTaIlii
HUISIXOM J0JaBaHHs MacKH
00'€KTiB; 0COOIMBO KOPUCHUHN IS
3a7a4 CerMEHTAIlli.

OnuH mpoxia sl peTiOHATbHHUX
MPOTO3UIIA  Ta  Kiacudikarii,
BUCOKA MIBUAKICTD, MIIXOIUTH IS
peagpHOTO Yacy.

Bukonye nerekilito B OJHOMY
KpOIll 3a CITKOBOIO CXEMOIO;
Ty Ke BHCOKAa  IIBUJKICTB,
MAXOMUTh  JUI  peabHUX
J0JIaTKIB, 3HAYHO MOKPAIICHUI
MaIIIIHT 00'€KTIB.
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1.4 ®ynaamMeHTaNbHI Bi3yaJbHO-MOBHI MO/l MAIUMHHOI0 HABYAHHSA

Metoau KOMITI'IOTEPHOTO 30pY TPAIUILINHO TOKIAJATUCA HA 3TOPTKOBI HEHUPOHHI
Mepexi (CNN) gk OCHOBHUM MiAXia 10 MOOYIOBU apXITEKTypu s 3a7ad pO3Mi3HABAHHS
300paxens 1 Bijeo [30; 55-60]. Onnak ycmix apxitektypu Transformer B 06poO1ii mpupoaHo1
MOBH, TPUKIIAIOM SIKOTO € [61], HAAMXHYB Ha PO3pOOKY BI3yallbHOTO TpaHcopmepy [62],
AKUWA Oe3nocepeHbo 3acTtocoBye Transformer 10 300pakeHb, 110 3a0e3leuye 3HAYHE
MIJIBUIIIEHHSI MPOJAYKTUBHOCTI B PO3Mi3HaBaHHI 300paxkeHb. OTxe, [62] 1HILIIOBaB 3MIHY
napagurMu B MIIX0/1aX 10 apXITEKTYp HEMPOHHUX MEPEX /I pO3Mi3HABaHHS 300paxeHb B1J
CNN no Transformers.

[loganpmni gocuikeHHs, Taki sk, Hanpukiag, DeiT [63], 3’gBuiucs 3 METOMO
MiJBUIICHHSI €()EeKTUBHOCTI apXITeKTypu BizyaiabHOro TpaHchopmepy [62]. Kpim Toro,
3acTOCYBaHHA TpaHCcHOPMEPIB I pO3Mi3HABAHHS Ha B1JIe0 HaOpaio 00epTiB 13 MOSBOIO 1HIIIUX
Mozeneit [64-68], siki MacITaOyrOTh MiAX0U 3 BUKOPUCTAHHSIM apXiTekTypu Transformer Ha
4acoBY PO3MIPHICTb.

VY cdepi HaBuaHHS Bi3yanbHO-MOBHUX Moeneil monaenb CLIP [44] cTtana eTanoHoM Jjist
MONEPEeIHbO HABUYEHHMX Bi3yaldbHO-MOBHMX Mojeneil. CLIP BukopuctoBye (yHKLIIO BTpaT
InfoNCE [69] mis koHTpacTyBaHHS MK 300pa)K€HHSIM Ta TEKCTOM, 1110 MOPOJUIIO ACKIIbKa
BapiaHTiB Mmojeneit [70-72], ski NOEAHYIOTH PI3HI HaBYAJIbHI MiA3aJayl, BKJIIOYAIOYU
31CTaBJICHHS 300pa)KEHHS Ta TEKCTYy, a00 BITHOBJICHHS MaCKOBAaHOTO 300pa)kKeHHS Ta TEKCTY.
[nme nmocnimkenus [73] BkItodae 3aBaaHHs Kiacudikaiii y (a3y mnomnepeHboro HaB4aHHS
Bi3yaJlbHO-MOBHO1 MOJI€JIi, 1[0 MPU3BOAUTH 10 3HAYHOIO MiJIBUIIEHHS TOYHOCTI MOPIBHSIHO 3
BUKOPUCTAHHAM Kpoc-eHTporii. [IpeacTaBneHHss ocHOBHUX KpokiB pobotu metony CLIP [44]

HAaBEJICHO HAa pUCYHKY 1.8 [44].
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Pucynoxk 1.8 — IIpeacraBnenHst ocHOBHUX KpokiB po6oTu merony CLIP [44] ckianaeTbes 3
nBox ¢a3: (1) monepeHLOro HaBYaHHS MO/JIEN 3 KOHTPACTHOIO (PyHKIII€r0 BTpaT Ta (2-3)

BHUKOPHUCTAHHA B pe)KI/IMl HYJBOBOI'O HABYAaHHA.

VY KOHTEKCTI HaBYaHHS Bi3yaJlbHO-MOBHUX MOJENEH KUIbKa AOCHIKEeHb [74-76]
BUKOPHUCTOBYIOTh MIAXOJM 3HAXOJKEHHS Ta (DUIbTpallll CXOXKHUX EK3eMIULSIPIB JaHUX IS
MIATOTOBKA HaBUAIBHUX JaHuX. Kpim Toro, miaxomu [77-79] po3mmuprorTh MIAXIA 10
MONEPEHLOI0 HABUAHHS Bi3yallbHO-MOBHUX Mojenel, 3ampomnoHoBaHoro B CLIP [44],
IUIIXOM 3ICTABJICHHS BIZ€O Ta TEKCTY, BUKOPUCTOBYIOYM KOHTPACTHY (YHKIIO BTpaT, i
3r0JI0M BUKOPUCTOBYIOTh MOAIOHICTh MIXK BIJIEO Ta TEKCTOM JijIsl pO3Mi3HABAHHS B1JI€O 1] Yac
TECTYBaHHSI HEUPOHHOT MEPEXKI.

3anpornoHOBaHUN y JAaHOMY HayKOBOMY JOCIIJDKEHHI MIAX1A AOCIIKYyE e(pEeKTUBHY
nepeady 3HaHb MDK BI3yallbHOIO Ta TEKCTOBOIO TUIKAMHU Bi3yaJbHO-MOBHHMX MOJENEH 3
MOJAJBIINM BUKOPUCTAHHSAM B paMKaX KJIACUYHOI HapaJurMU KOMIT FOTEPHOTO 30PY.

[[Iupoko 3acTocoByBaHI MoOJedAl B OO0JacTi KOMII IOTEPHOTO 30py 3a3BUYail
MIPUCTOCOBAHI 10 KOHKPETHHUX 3aJ1ay 1 JIOMEHIB, 110 YaCTO BUMAarae pyyHoi po3MiTKu HaOOpiB
JAHUX JJIA iXHbOTO JJOHABYaHHs a00 nmepeHaBuaHHs. OJHAK OCTaHHI JOCII)KEHHS B 00JaCT1

KOMIT FOTEPHOTO 30py NPEACTaBUIM KOHIENIiI0 (yHIAUIMHUX MOJENeN, fKI HaIllIeHl Ha
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3MEHIIEHHS BIUIMBY Iux oOMexxkeHb. Hampuknan, CLIP [44] BukopucTaB BeIWYE3HI 3a
MacmtabamMu Habopu JaHMX, K1 Oynu 310paHi 3 IHTepHET Ta MICTWJIM BEIUKY KIIbKICTb
3alllyMJICHUX Tap 300paXeHHSA-TEKCT JJIS HaBYaHHS Bi3yaJlbHO-MOBHUX MOJENeH 3a
JOTIOMOTOI0 KOHTpPAacTHOro HaBuaHHs. lledl miaxin 3a0e3neyye BUBUEHHS HAIIMHUX Ta
1HBapiaHTHUX peNpe3eHTall s 300pakeHb 1 TEKCTY, 3a0€3Meuyoun MOTYKH1 MOKJIUBOCTI1
Hynb0BOTO HaB4aHHsA. INTERN [80] po3miuproe 110 mapaaurMy HUIsiXoM BKJIFOYEHHS KIJTBKOX
€TarliB MONEPEJHLOr0 HaBYaHHS 3 CaMOKOHTpoieM (self-supervision), BUKOPHUCTOBYIOUH
3Ha4YHY KUIbKICTh HEAHOTOBAHUX Map 300paKEHHSA-TEKCT Pa3oM 13 300paKeHHSIMH, siKi Oyiu
pPO3MIYEHI BPYUHY.

Florence [81] BmockoHamto€e 1€ HAMPSIMOK JIOCTIKEHb, IHTETPyIOUU YHI(iKOBaHE
KOHTpAcTHE HaBUaHHA [82; 83 ] Ta ckaH1 MOJIeN1 aianTali, TMM CAaMHUM CIIPUSAI0YH yHI(DiKaiii
Ta MOXJIMBOCTI BUKOPUCTAHHS MOJEINI /10 IIUPOKOTO CIEKTPY 3aB/IaHb KOMIT IOTEPHOIO 30py B
pizHux ymoBax. SImVLM [84] 1 OFA [85], 3 iHmoro 00Ky, MpOBOJATh HaBYAHHS MOJIEN1
€HKOJiepa-JeKoJiepa 3 ONTUMI3alli€l0 TeHepaTUBHUX (PYyHKILIM BTpaT, 3a0e3nedyrdu
KOHKYPEHTOCHPOMOKHY IPOJYKTUBHICTh Y PI3HUX MYJIbTUMOJATBHUX 3aBAaHHAX. KpiM ToTO,
CoCa [70] o0’ennye kxoHTpacTHe HaByaHHs, nomioHe g0 CLIP [44], 13 reHepaTuBHUM
HaBYaHHAIM, MOA1I0HUM 10 SIMVLM [84].

[Minxomn sk CoCa [70], tak 1 Florence [81] mocsrnu 3HaYHUX pe3ylbTaTiB y
poO3IMi3HaBaHH1 HA 300paXEHHI, [0 B CBOIO YEPT'y MOKPAIIUIIO pe3yJIbTaTH Ha BiJIe0, 0COOIUBO
Ha TakuX HaOopax maHux, sk Kinetics, olHaK, KoM ClipaBa JOXOJIUTH A0 MYJIbTUMOJATBHUX
3aBJaHb Ha BIJEO, TO TaKl MOJENI MOKa3yl0Th HE3aA0BUIbHI pe3ysbTaTu. ToMmy Oysin cTBOpEHi
taki mozaem sk VIOLET [86], All-in-one [87] Ta LAVENDER [88], siki BUKOPUCTOBYIOTh
MAacKOBaH1 TEKCT Ta BIJI€O JIJIsl MiABUIIEHHS TOYHOCTI MYJbTHUMOJAJIBHOTO MPOTHO3YBAHHS 1
IPOIOHYIOTh YHI(IKYBaTH 3aBJIaHHA Y€pe3 MOJEIIOBAaHHS 3aMacKOBaHOI MOBHU. He3Baxarouu
Ha Te, IO L1 MOJEN yCHIIIHO MPaliol0Th Y MYJbTUMOAAIBHUX TE€CTax, 00’€M HaBYAJIbHHUX
JTAHUX JUJISl [IUX MOJEJIeN 4acTo 3aIMIIAETHCS OOMEKEHUM, 0 MPU3BOAUTH /10 CKIAAHOCTI iX

3aCTOCYBaHHS y MPUKIATHUX PO3poOKaX 3 PO3Mi3HABAHHS Ha BiJI€O.
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Ha nporuBary nmm mogensm, MERLOT Reserve [89] mponoHye HOBHII HUISIX A0
HaBYAHHS MYJbTUMOJAILHUX MOJEJNEH, 310paBIiu BeIUKUid HaOip JaHux 3 20 MUIbHOHIB Tap
B1/IEO-TE€KCT-ayAi0 JUIsl CHUIBHOTO HAaBUYaHHS BiJ€0-, ayAl0- Ta TEKCTOBUX pEINpe3eHTallli Ta
BUKOPUCTOBYIOYM KOHTPACTHY BIAMOBIIHICT MI?)K MOJAJIBHOCTSIMU.

MERLOT Reserve [89] mocsirae HailOUIbIIOI TOYHOCTI HE JIMINE JUIs  3a1a4
pO3Mi3HaBaHHSA Ha BiJI€O, alie ¥ y BI3yaJIbHOMY PO3YMiHHI, IO JO3BOJISIE MOr0 HIUPOKE
BUKOPUCTAHHS JIJIsl IPUKIIAIHUX 3a/a4.

Bapto 3a3HaunTH, 110 MOTOYHI BI3yaJIbHO-MOBH1 (DyHHaIiiiHI Mozeni s BIIEO Yy
nopiBHsiHHI 3 ixHiMu VLM ananoramm, sKi TpeHYBaJIUCs JIMIIE Ha 300pakKeHHSX,
JEMOHCTPYIOTh OOMEXEHHSI y PI3HOPIAHOCTI 3ajad, IO SIKUX IX MOXHa 3aCTOCOBYBAaTH,
0COOJIMBO B KOHTEKCTI TOYHHX 3aBjJaHb, TaKUX SK MPOCTOPOBO-YAcOBa JIOKaJi3allis, IO
CIPUYMHEHO BIJICYTHICTIO BEJIMKOI KIJTBKOCTI PO3MIYEHUX JAHUX JJIsl Takux mozeneit. Came
TOMY MapaJiuirMa MyJbTUMO/IaJIbHOTO MONEPEHFOI0 HABUAHHS CTajla HAPIKHUM KaMEHEM JIJIst
HaBYaHHS QYHIAIMHUX MOJIETEH, MOYUHAKOYY 3 PO3BUTKY MOMEPEIHHOTO HABYAHHS Ha Mapax
300paXEeHHS-TEKCT, €BOJIIOIIOHYIOUH A0 IMIMPOKOMACIITAOHOTO MOMEPEIHHOTO HABYAHHS Ha
rapax BiJCO-TEKCT 3 MOAAJBIIMM HaBUYAHHSAM MOJIEN i1 KOHKPETHUX 3aBaaHb [86; 89].
OcHoBHi nigxoau [90; 91] TpaauiiiHO BUKOPUCTOBYIOTH MOMEPEAHHO HABUYEHI Bi3yallbHI Ta
MOBHI €HKOJIepH [IJIsl TeHepallii BEeKTOPIB BIACTUBOCTEHN JUIs Bileo Ta TeKcTy. OHAK OLIbII
mi3H1 nigxoau [92; 93] mpoaeMoHCTpyBaIM JOUIIBHICTh HACKPI13HOTO HaBuaHHs. L1 miaxomau
4acTO OXOIUTIOIOTH JBa ab0 TpW 3aBIJaHHS JUIsl MONEPEIHbOr0 HABYAHHS, BKIIOYAIOYU
MOJICTIOBaHHSI 3aMacKoBaHOI MOBHM [88], BIIMOBIAHICTH BiJEO-TEKCTY [87], KOHTpacTHE
HaBYaHHS Bifeo-TeKCTy [94] Ta MojenrOBaHHS 3aMacKOBAHOTO BileO-TEKCTy [95], cepen
HIIHX.

Ha BigmiHy Bix mnomepenHbo 3ragaHux poOiT, InternVideo [80] Buctymae sk
yHiBepcaibHa (pyHJaliiHa MOAeNnb A 3a1ad Ha Bifeo. . [IpuHuun HaBuyaHHs InternVideo

HaBEJICHO Ha pucyHKy 1.9 [80].
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Pucynoxk 1.9 — Ilpunnun HaBuanus InternVideo [80]: (a) monepeaHe HaBYaHHS Bi3yallbHOTO
€HKOJIepa Ha MaCKOBaHMUX 300pakeHHsX Ta (b) HaBUaHHS Ha MYJIbTUMOJAIBHUX Mapax BiJeo-

TCKCT

3 ToukHu 30py apxitektypu mozeii, InternVideo [80] BukopucTtoBye Vision Transformer
(ViT) [62] six cBOIO 0a30BYy CTPYKTYpY, NONOBHEHY HampaitoBaHHsMu 3 UniformerV2 [96] i
JOATKOBUMH JIOKAII3AIMHUMUA MOAYJSAMH I TPOCTOPOBO-YACOBOTO MOJICNIIOBAHHS, 110
BJIOCKOHAJIIOE MPOLEC CTBOPEHHA O0araTopiBHEBUX MPOCTOPOBO-YACOBUX pPEMpPE3CHTALIN.
InternVideo auHamMiuyHO reHepye BEKTOpH pempe3eHTallii BiJ ABOX TpaHChOpMepiB uepe3 ix
B3a€EMO/Ii}0, TAKUM YUHOM BUKOPHUCTOBYIOUM CHJIbHI CTOPOHU F'€HEPATHUBHUX 1 KOHTPACTHUX
napajgurM HaBYaHHS, 1[0 Ja€ TOYHIMMI pe3ynbTar. InternVideo BCTaHOBUB HOBI €TalOHU

ToyHOCTI Ha 34 HaOopax nanux Ta 10 pi3HUX 3a/adax Po3Mi3HABAHHS HA BiJIE€O.

1.5 Jlerekuisi 00’€KkTIiB HaA BiJeo

BusiBnenHst 00’€KTiB Ha Bijieo nependayae po3MMPEHHs MiX0/I1B JETEKIii 00’ €KTIB MO
300paXEHHSIX Ha 4YacoOBY KOMIIOHEHTY Bifeo. DyHAaMEHTaNbHHI MiAX1J TMOJArae y
3aCTOCYBaHHI METOJIIB JETEKIlli 00’ €KTIB KaJp 3a KaApOM, TAKUM YMHOM aHaJ13yI0Yd BMICT

BiJI€O, 110 3MIHIOETHCS 3 YACOM.



47

Bigeo — ue, mo cyTi, MOCHIOBHICTh KaJpiB, KOKEH 3 SKUX TMPEJICTABIISIE HEPYXOME
300paxeHHs. MeToau neTekiii 00’ €KTiB Ha OCHOBI 3ropTKOBUX HelpoHHUX Mepex (CNN) abo
101 apxiTektypu, Takux sk YOLO a6o SSD, 3acTOCOBYIOTHCS HE3QJIEKHO JI0 KOXKHOTO
kazapy. Mera nonsrae B ToMy, 1100 1IeHTU(]IKYBAaTU Ta JOKaII3yBaTh 00’ €KTU B KOKHOMY
Kazapi, TOAI0HO 0 TOTO SK 11€ pOOUTHCS Ha 300paKEHHSX.

Yacosa, a00 Tak 3BaHa TeMIIOpaibHa, iIH(HOpMallisi BUKOPUCTOBYETHCS HIJISAXOM 00pOOKHU
MOCHIOBHOCTI KaJpiB 1 BIACTEKEHHS PYXy BUSBICHHX OO €KTIB Yy TOCIHIJIOBHOCTI KajpiB.
Anroputmu BiACTeXKeHHS, Taki sk punbTp Kanmana [97] abo iHmI kopensifiiHi (UIBTPH,
JOTIOMararoTh IMOB’A3yBaTU KOOPAMHATH 3HaineHuX o00’e€kTiB B yaci. lle BimcTexeHHs
J03BOJISI€ MIATPUMYBATH Y3TOJKEHICTh Y PO3MI3HABAHHI 00’ €KTIB, KOJIU BOHU PYXalOThCs Ha
Bimeo (puc. 1.10) [97]. Kpim Toro, Taki anroputmu, SK ONTHYHHI MOTIK [98], MOxkHA
BUKOPUCTOBYBAaTU JUIsl OLIHKUA PYyXy IMIKCENIB MK KaJpamu, JIOMOMAararouud 3pO3yMITH
IUHAMIKy 00’ €KTIB Ta nepeAdauynTy iXHE MailOyTHE MON0KeHHA. ONTUYHUHI NOTIK € METOA0M,
110 BU3HAYa€ BUJAUMUHN pyX 00'€KTIB, TOBEPXOHb 1 KpaiB y BI3yaJbHOMY MOJIi, CIIPUYUHEHUM
BIZIHOCHUM PYXOM MiX crocTepirauem i cueHorw. Llelt TemnopaibHUN KOHTEKCT MiJBUIIYE
TOYHICTb 1 HA/IIMHICTh BUSIBIICHHS! 00’ €KTIB Ha BiJI€O0.

Icnye nexinpka MiAXOIB 10 OOYMCIEHHS ONTUYHOIO MOTOKY, CEPeld SIKUX HaWOLIbII
Biomi Metoau ['yHHapa-®apuebaka [99] Ta Jlykac-Kaname [100]. Meron I'ynuapa-
®dapnHebaka [99] BUKOPUCTOBYE MOIIHOMIANBHY AaNIPOKCUMAIIII0 1HTEHCUBHOCTEH MIKCEIB
JUTIsl OOUMCIICHHS OTOKY, 1110 JIO3BOJISE HOCIATaTH BUCOKOI TOYHOCTI IPU BIIHOCHO HEBEIUKIN
oOuuncmoBanbHi cknagHocti. Meton Jlykac-Kanage [100], y cBoro uepry, Oa3yeTbcsi Ha
NPUIMYIIEHHI NP0 TMOCTIHHICTh 1HTEHCUBHOCTI IIKCENIB 1 MaluX MEePEeMIIICHHSX,

PO3paxOBYIOUYM ONTUYHHUM MOTIK MUISIXOM MIHIMi3aIlii TOMHWJIKA M1 BIAOBITHUMHU MIKCEISIMHU.
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Pucynok 1.10 — Bukopucranns ¢puietpy Kanmana asns BicTeKyBaHHs 00’ €KTa y Kajpi 3a

JIOTIOMOTOF0 MPOTHO3YBAHHS MICIIETIOJIOAKEHHS 00’ €KTa Ha HACTYMHOMY Kajpi [97]

3acToCyBaHHS ONTHUYHOTO TIOTOKY BKJIIOYA€ aHali3 pyxy, cralOulizaiiio BIIeo,
BIICTeXKEHHSI O00’€KTIB, a TaKOX PO3MIMPEH] 3aCTOCYBaHHA B POOOTOTEXHIIl Ta
KOMIT'FOTEPHOMY 30p1, JIe HEOOXITHO PO3yMITH Ta IMepeadadaTd MOBEAIHKY OO0'€KTIB Yy
nuHamiuHuX ciieHax. Ha pucynky 1.11 [98] npenacraBiieHO NpUKIaA ONTUYHOTO MOTOKY, SIKUH
UTIOCTpY€E BEKTOpPHE MOJie PyXy MIX JIBOMa MOCHIJIOBHUMHU Kajpamu Bineo. Bekrtopu pyxy
BKa3YIOTh HAMPSIMOK Ta BEIMYMHY MEPEMIIIICHHS MIKCEiB, J03BOJISIOUH IETAIHHO aHATI3yBaTH
TPAEKTOPIi pyXOMHX 00'€KTIB Ta X B3a€MO/III Y CIICHI.

JIns 3aCTOCYHKIB, IKI MalOTh IpalloBaTH B peajbHOMY 4aci, €()eKTUBHICTh METOIY
JeTeKLIi 00'eKTIB Ma€ BUpilIadbHe 3HaueHHs. Taki Metoau, sk Single Shot Multibox Detector
(SSD), You Look Only Once (YOLO) 1 Faster R-CNN, € mmupoko BUKOPUCTOBYBaHUMH
3aBJISIKM 1XHIM 31aTHOCTI MIBUIKO OOpOOISATH KaapH, M0 pOOUTH iX OaKaHUMH METOJaMU MIPU

noOy10B1 3aCTOCYHKIB ISl aHAIII3y BIAE€O.



Pucynok 1.11 — [Ipuknag onTHYHOTO NOTOKY, 110 PO3PaxOBaHUM MO 00’ €KTaM JOPOKHBOIO

Tpadiky [98]

[TincymoByroun, aAeTekulis OO0’ €KTIB Ha BIJEO IepeAdadae 3acTOCYBAHHS METOIB
JeTeKlli O0’€KTIB MO 300paKEHHSX KOXKHOTO KaJpy, BIACTEKEHHS OO’€KTIB y dYacl Ta
BUKOPUCTAHHA TEMIOPAJbHOI 1H(pOpMalii JUIsi MIJBUIIEHHA TOYHOCTI Ta MIATPUMKHU
KOHCHCTEHLII MMOJIOXKEHHS 00’ €KTIB y MOCIIJOBHOCTI KajapiB Ha Bigeo. L1 MeToan 3HaXodsTh
3aCTOCYBaHHS B PI3HUX O0O0JIACTSX, BKJIIOYAIOYM CHCTEMHU BiJIEOCIIOCTEPEKEHHS, CUCTEMU
ABTOHOMHOI'O KE€pYyBaHHS TPAHCIOPTHUMHU 3acO0aMU Ta Pi3HI CUCTEMH B3a€MOJIl JIOAUHU 3

KOMIT FOTEPOM.

1.6 Omnuc nmpouecy po3MiTKH JAHUX JJIA 32124 MAIIMHHOTO HABYAHHS

Po3miTka 300paxeHp CIy>KUTh KJIFOUOBUM €TAIIOM Y HABYAHHI MO/IeJIel KOMII FOTEPHOTO
30py Ha OCHOBI METOJIB MAIIMHHOI'O HaBYaHHS, IO MOJSArae y reHeparii CTpyKTypOBaHHUX

JaHUX, SIK1 Ha):[ani BUKOPUCTOBYIOTBHCA [JIs1 HaBYAHHA MOI[CJ'Ii MAaIllMHHOT'O HaBYaHHA.
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[IpakTUYHO KOXHA MOJIeNIb KOMIT IOTEPHOTO 30pYy MOKJIAJA€ThCS HA PETEIbHO PO3MIYEHI
300paxeHHs, 10 JeXaTh B OCHOBI HaBYalIbHUX HAaOOpiB gaHux. Lli po3miueHi 300pa>keHHS
JOTIOMAararoTh MepeaBaT HaBYalIbHI JaHl B MOJEN1 KOMIT FOTEPHOTO 30pY, sIKi HABYAIOThCH,
BUKOHYBATH MEBHI 3aBJIaHHS, HANPUKIIA, 11eHTU(IKaLII0 YopHUX aBToMO0O1IB Ford meBHOTrO
POKY BUITYCKY 1 3 IEBHUMU KOHCTPYKTUBHUMU XapaKTEPUCTUKAMH.

[HTerpariiss axkTUBHOTO HaBYaHHA B MOJI€JIb KOMIT IOTEPHOTO 30py MOKpamye ii
aJanTUBHICTh 1 3JaTHICTh JO HABUYaHHS, TUM CaMHUM 30UIbIIYIOUM ii €()EKTUBHICTH MHJIS
PO3ropTaHHs y PI3HUX omepaniiHux ymoax. CaMe TOMY HEMOKJIMBO MEPEOLIHUTH 3HAUCHHS
BXITHUX JITaHUX Yy (popMyBaHHI pe3ysbTATiB METOJIB MAIIMHHOI'O HaBYaHHS, BKIIOYAIOYU
HEUPOHHI MEPEexki, MIAXOAN J0 HABYAHHS SKUX OPIEHTOBAHI HA BEJMKI 00’€MH JaHUX, IO
M1JIKPECIII0E€ KPUTUUHY BAXKIIMBICTHh OTPUMAHHS SIKICHUX HAOOPIB TaHUX.

BaxnuBo BU3HATH, IO aITOPUTMaM KOMIT' IOTEPHOTO 30py Hapas3l HE BHUCTAyae
MOXJIMBOCTEN JJIsl BUITPABICHHS JIOJICBKUX TMOMUJIOK, JTOMYIIEHUX Mij YaCc PYYHOI PO3MITKHU
naHux. ToMy HIHHICTH Oyb-SIKOI0 HaBYAJIBHOIO HAOOPY JAaHMX 3a CBOEIO CYTTIO IOB’sI3aHA 3
TOYHICTIO PO3MITKH, IKY BOHU MICTSTb.

VYrpaBniHHS KOMaHI00 PO3MITUMKIB Niepeadadae HaBiramito B CKIaaHOMY JIaHamadTi
PO3MITKU 300pakeHb, 10 MOTPeOy€e Yacy, HABUUOK, PO3YMHOT0O OOJIKETY Ta 3aCTOCYBaHHS
BIIMOBIAHUX 1HCTPYMEHTIB JyIsi 3a0e3leueHHs O0e3nepeOiifHOro BHKOHAHHSI MPOEKTIB 1
OTpUMaHHS Pe3yJIbTaTIB, sIKI BUKOHYIOTh OIepallii 3 JaHUMU, KOMaH1 1 KEPIBHUKIB Ha SIKUX
MOXHA MOKJIACTHCS.

Y mHpoOKOMY KOHTEKCTI PO3MITKAa 300pak€Hb € OCHOBOIO YCHIXy MoJenei
KoMI'toTepHoro 30py. Llel ckimanuuii mponec mepeadadae pydyHy pPO3MITKY 300pakeHb B
Ha0op1 JaHUX, IO CIYKUTh OCHOBOIO JJIsl HABUAHHS MOJIeNIel KOMIT FOTEPHOTO 30PpYy IITYYHOTO
IHTENIEKTY Ta MAIIMHHOTO HaBYaHHSA. METOI PO3MITKH 300pakeHb € TOYHE MO3HAYEHHS
300paxeHb, sIki BUKOPUCTOBYIOTHCS I HABYAHHS MOJENI KOMII IOTEPHOTo 30py. Po3MiTKy
300paKe€HHS MO’KHa 3pOOMTH TOBHICTIO Bpy4YHY a0 3a JOMOMOTOI0 aBTOMaTH3allli, 1100

MPUINBUANIUTHU ITPOICC MAPKyBaHHS.
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Po3miTka Bpy4HY € TPyJOMICTKUM MPOIIECOM, OCKUIBKM BOHA BUMArae, mood po3MITUYUK
MEePEIMBUBCS KOXKEH €K3EMIUISAP AaHUX 1 MO3HAYUB ii BIAMOBITHOIO PO3MITKOIO. 3aJI€KHO BI
CKJIQJIHOCTI 3aBJIJaHHSI Ta pO3Mipy HAOOPY MaHUX 1I€¥ Mpoliec MOKe 3alHITH 3HaUYHY KUIbKICTh
4acy, 0COOJIMBO SIKIIO BU MAETE CIPaBy 3 BEJIMKUM HAOOPOM JaHUX.

BukopuctanHs MeTO/IB aBTOMAaTH3allii Ta MAIIMHHOTO HABYAaHHS, TaKUX SIK aKTUBHE
HAaBYAaHHS, MOXK€ 3HAYHO CKOPOTUTH 4Yac 1 3YCWJUIS, HEOOXIJTHI IS PO3MITKH, a TaKOXK
MIJBUIIUTH TOYHICTh PO3MITKH AaHUX. BubOuparouum HalOuibin 1HOOPMATUBHI €K3EMIUISIPU
JAHUX JJI1 PO3MITKH, aKTUBHE HaBYAHHS JIO3BOJII€ HABUYATH MOJIEIi MAIIMHHOIO HABYAHHS
e(deKTuBHIIIE, HEe BTpavyaloun TOUYHICTh. OHAK Ba)KJIMBO 3a3HAYUTH, 1110, X04a aBTOMATHU3AIIis
MOXk€e OyTH MOTYXKHUM IHCTPYMEHTOM, BOHA HE 3aBXKJIU MOKE 3aMIHUTHU JIIOJACHKHUI JOCBI/,
0COONMBO y BHUMAJKaX, KOJU 3aBJaHHS BUMarae crnenudiyHux 3HaHb ab0 Cy0’€KTUBHOTO
cymxkeHHs [101-104].

['010BHOIO METOI0 MAIIMHHOTO HABYAaHHS € HABUUTH MOJIENb, OyJIb TO TpajulliiiHa
CTaTUCTUYHA MOJENb a00 cyyacHa HEHWpOHHA Mepeka, BUSIBISTU Ta BUKOPUCTOBYBATH
3aKOHOMIPHOCTI Y BX1IHMX Ta BUXIJIHUX JIaHUX HaBYAJIbLHOTO HaOOpy. BXi/HI Ta BUXIiJIHI AaH1
MOXYTh TpuUHMaTH (QopMy TEKCTy, 300pakeHb, aynio- 4yu BineodaitmiB. Hampuknan, y
ClIeHapii, Jie METOI0 € BU3HAUECHHS TOHAIBHOCTI Trojiocy aboHeHTa B call-nieHTpi, Mojens,
MPaIlOI0YH 3 BX1THUM HAa0OpOM ayi0aHuX, CTABUTh 3a METY BU3HAYUTH 1HTOHAIIIIO 0CO0H, a
BHUXIJHI JaHl MPEJACTaBICH] MITKaMU MO3UTUBHOI UM HEraTHBHOI TOHAJIBHOCTI. AHAJIOTIYHO,
JUISL  BIZICO3alKCIB, IO PEECTPYIOTh MoOpylieHHs aBToMoOineM miHiH STOP mnepen
cBiTiohopoM, 3ajaueto MoXe OyTH BU3HAUECHHS (DaKTy MOPYIIEHHS HAa OCHOBI BXIJHOTO
BlJleoMaTepiaiy, a BAXIITHUMH JTaHUMH OyayTh MITKH BUSIBIIEHUX MOPYILIEHb.

o6 mocsartu ycnimHoi poOOTH IITYYHOI'O 1HTENEKTY, HEOOXITHO MEePEIYyCiM JIFOIMHOIO
BUPIIIUTH 3aBAaHHS MIATOTOBKHU JAHUX Il MAIlIMHHOTO HaB4YaHH4A. Llel nponec, BigomMuit sk
PO3MITKa JTaHUX, BU3HAYAETHCS SIK €Taml MIArOTOBKU iH(GOpMaIllii, 1110 MepelaeTbCcsi MOJEIIM
MAIlTMHHOTO HaBYaHHA. IOro pesyslbTaTHBHICTh Ta SKiCTh BH3HAYAIOTh e(EKTUBHICTH Ta

TOYHICTh POOOTHU HABYEHUX MOJICIICH.
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3acTocyBaHHS aHAJOTii, 10 JaHl y cydacHoMmy cBiTi — 1ie Hadra XXI cromTrs,
BUSIBIISIETHCSI OCOOJIMBO TOYHOIO, 30KpeMa y KOHTEKCTI TOro, 110, MOJI0HO 10 CUpOi Ha(TH,
HEOOpOOJIeH! JaHl 3aJIMIIAIOTHCS MaJOLUIHHUM pecypcoM. [lepen iX BUKOPUCTAHHSIM CHIJ
MPOBECTU OYUCTKY Ta 00poOKy. Lle anamoriuno 10 "HOBOI HahTH" — HABITH IPU 300pi 3HAYHOT
KUIBKOCTI HECTPYKTYPOBAHHUX JIaHUX 1X BUKOPUCTAHHS B PO3pOOIIl MPOrpaMHKX MPOJYKTIB Ha
OCHOBl MAIIMHHOI'O HAaBYAaHHS BUMArae MEpeayciM peTeNbHOI PO3MITKH Ta BHUJAJICHHS
HETOYHUX 200 MOMUJIKOBUX JaHUX. 3arajlbHUI MpoIeC PO3MITKH HAOOPY JaHUX HABEACHO Ha

pucyHnky 1.12 [101].

Bipro poasisenni 1ani

HecTpykTypoRanii Mogeih HABYACTRCH - Halip nanmnx
Jan HA POTMIMCHHX TAHNX [ - 1 ARICHOK DOIMITROR

Iani B SKHX MOACAL

FHAHILTA e THOIHEMNECTI

Jlranna NEPCPOEsAae Jam
T BUINPARIAC IX W32
AUTH TICREPEUEEEHHA MUORei

Pucynok 1.12 — IIpouec po3mitku Habopy nanux [101]

1.7 TIligxoam 10 opraHizauii po3MiTKH JaHUX

VYpaxoByrouu CKJIaAHICTh Ta TPYJIOMICTKICTh IPOIIECY PO3MITKH JaHUX, OpraHi3ailis
I[bOTO €TaIly € BaXKJIMBOIO CKJIaJ0BOI0 YCIIIIHOTO MPOEKTY, OCKIILKY BOHA BU3HAYAE HE TUTHKU
AKICTh OTPUMAHUX JaHUX, ajie i BIUTMBA€ HA Yac BUKOHAHHSI Ta BAPTICTh PO3MITKU. AHAITUKA
Cognilytica Bu3Ha4aroTh I'aTh OCHOBHUX miaxoAiB [101] mo opranizaiii nporecy po3MiTKH
TAHUX:

- (QopMmyBaHHS BHYTPIIIHHOI KOMAH/ PO3MITUHKIB JIAHUX;
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- AayTCOPCUHI 3aBJaHb CIIEI1aTi30BaHUM KOMIAHIAM, IO 3aiiMalOThCA PO3MITKOIO

TaHUX;

- BUKOPHUCTaHHS KPayJCOPCUHTOBUX IUIOMIAJO0K ISl PO3MITKHU;

- CTBOPCHHA CHHTCTHUYHHUX JAaHHX,

- aBTOMAaTH4Ha pOBMiTKa JaHUX.

[TopiBHsUILHUM aHaN13 PI3HUX MIIX0/11B HaBeIeHO B Tabnuii 1.2.

Tabnuns 1.2 — [HopiBHsUIBHUEN aHam3 MiAXO/IB 10 OpraHi3allii pO3MITKH JaHUX

ITigxig [TepeBaru Henomixn
Baytpimns [IpocToTa y BIICHIAKOBYBaHHI | € JOBrOTPUBAINM, SIKIIO BIACYTHI
KOMaH/1a MPOTPECy; MOXKJIUBICTh BHECEHHS | HAJIATOXKEH1 MPOIECH; HEOOX1THO
PO3MITKHU MpaBOK y TMpaBWia; MIBHUIAKICTH | HAIMATH Ta HABYAaTH PO3MITUHKIB

KOMYHIKaIlii 3 yciMa | JaHUX; [OraHO MacIITa0y€eThCs;
3al(1KaBJIEHUMH CTOpPOHAMH; | BUCOKA BapTICTh no0y/10BH
BHCOKA SIKICTh OTPUMAHUX JAHUX. | IPOLECY 3 HYJIS.
AyTcopcuHr He nmorpibno HanaromxkyBatu | Bucoka BapTICTh MpOLECY;
PO3MITKU JJAHUX | IPOIIECM Ta HaOUpaTH KOMAaHY; | 3aTPUMKH B KOMYHIKaIIiT;
MPOCTOTA B YIPaBIIiHHI MPOEKTOM; | YCKJIQJAHEHUH Tpoliec B pasi

BHCOKA SIKICTh OTPUMAHUX JaHHUX.

HEOOX1THOCT1 BHECEHHS TIPABOK 10

MpaBuI.

Kpayncopcunrosi

mathopmu

MaciraboBaHiCTh poIiecy
PO3MITKM  JaHUX;  3aIyYCHHS
PO3MITUMKIB JaHUX 3 PI3HUM

JOCBIJIOM; IIBHJAKICTb PO3MITKH
MaHUX;, HU3bKa I[IHA OJIWHMIII

TaHUX.

He MoxMBO rapaHTyBaTH SIKICTh
IAHUX; HEOOX1IHICTD B

Oaratopa3oBiii  mepeBipii 1100
OTpUMATH SKICHI JIaH1; CKIaIHICTh
B BIJCIIJKOBYBaHHI  CTaTycCy
PO3MITKH; HE MOXJIUBO PO3MITUTH

MIPUBATHI JaH1 KOPUCTYBaYiB.




[IponoBxxerus Tadbau 1.2
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IMiaxia

[TepeBaru

Henomiku

CuHTeTHYHI1 IaH1

MOXJIMBICTh TE€HEpPYBaTH BEJIHKI

o0’eMH  JaHUX 32  KOPOTKI
NPOMIKKM 4Yacy; BHCOKa SKICTh

TaHUX.

Bucoka BapticTh mpoiiecy, ska
BHUKJIMKaHa HEOOX1IHICTD B
BEJIUKIN KUIBKOCTI

00UYHCITIOBATLHUX MOTY>KHOCTEH.

ABTOMAaTHYHA

pPO3MITKa JaHUX

MaciraboBaHiCTh po1iecy;

MOXJIUBICTh PO3MITKH BEIUKHX

Hwu3bka AKICTb OTPUMAHOI

PO3MITKH, HEOOX1/IHICTh MEPEBIPKU

00’eMiB  JTaHMX 3a  KOPOTKI | pE3yJbTYIOUUX JAHUX JIFOJIUHOIO.
INPOMDKKM 4Yacy; HpocToTa B
BUKOPHUCTaHI, HHU3bKa BapTICTh

OJIMHUII JaHUX.

@dopMmyBaHHS BHYTPINIHHOI KOMAHJIW PO3MITKM BKJIOYae (HOPMYBAHHS KOMAHIU
PO3MITUMKIB JAHUX 3 TMOCTIMHUX MpaliBHUKIB opraHizamii. el miaxin mae psa mepesar:
BIJICTEXKEHHS POTPECY BUSBIAETHCS MIPOCTUM, & OTPUMAaHI JIaH1 XapaKTEPU3YIOThCS BUCOKOIO
TOYHICTIO Ta piBHEM sKocTi. OJHAK 3a MeXaMH BEJIMKUX KOMIIAHIN 13 3HAYHHM IITaTOM
PO3MITUHKIB JaHUX TaKa OpraHizalliiiHa MOJIeNIb BUSBIISETHCSA HEE(HEKTUBHOIO.

AyYTCOpPCUHT 3aBJaHb PO3MITKHM JAaHHUX JO3BOJIIE CTBOPUTH THUMYACOBY KOMaHIY
BUCOKOKBai(iKOBaHUX (axiBLiB [JIi BUKOHAHHS 3aBllaHb B OOMEXKEHHUH IMepioj] 4vacy.
3a3Buyail ayTCOPCUHTOBI KOMIIaHii MalOTh BJOCKOHAJIEHI MPOLIECH, TTOB'S3aH1 3 OpraHi3alli€lo
HaliMy pO3MITYHMKIB JAaHUX Ta MPOIECY PO3MITKH, 3 HABYAHHSM PO3MITUMKIB, KOHTPOJIEM Ta
3a0e3nedyeHHsIM €(EeKTUBHOI KOMYHIKalli 3 ypaxXyBaHHSIM HOBOBBEJIEHb. 3aMOBHUK Mae€
MOXJIMBICTh OOUpaTu MpodecioHaNiB IS CBOTO MPOEKTY, BPaXOBYHOUM IXHI HABHUKHU Ta
kBamidikariro. Lle BapiaHT 0c00IMBO MPUBAOIUBUN 1151 HEBETUKHUX KOMITaHIM, sIK1 BOJIOAIIOTh
YITKUM PO3YMIHHSIM 11010 (IHAIBHOTO PE3YyJbTaTy, OCKIIBKU JI03BOJISIE JOCSTTH MOro 3a

0oOMe)XeHUN 4aCOBUN MPOMIKOK.
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Bukopucranns minatdopMm sl KpayICOPCUHTY € €(pEeKTUBHUM MiIXO0JI0M 3aTydYeHHS
rJ100aJbHOI CHIBHOTH I BUKOHAHHS KOHKPETHUX 3aBJaHb. 3aBISKU MOKJIMBOCTI B3STU Ha
po0O0TY 3 OyIb-SIKOi TOUKHM CBITY Ta BUKOHYBATH 3aBJaHHSI 110 Mip1 iX JOCTYMHOCTI, IEH MiaX1]T
€ HaJA3BUYANHO IMIBUAKUM, €()EKTMBHUM Ta EKOHOMIYHO JOIIIbHUM. THM HE MEHIIE,
m1aTHOpPMHU KpayACOPCUHTY MOXKYTh 3HAUHO BIJIPI3HATUCS OJIHA BiJl OJJHOT 3a SIKICTIO PO3MITKH,
CUCTEMOIO 3a0€3IeUeHHs] SKOCTI Ta IHCTPYMEHTaMHU [JIsi YIpPaBIIHHS MPOEKTaMH Ta
y4YaCHUKaMHU.

CHUHTETHYH1 JTaHl TPEACTaBISAIOTh COOOI0 CTPATETiI0 JIJisi TeHepallii HOBUX JaHUX, SIKi
BKJIIOYAIOTh aTpUOYTHU, HEOOX1AHI JJIsI KOHKPETHOTO MPOoeKTy. OJHUM 3 MiAXO/IB CTBOPEHHS
TaKUX JaHUX € BUKOPUCTAHHS TE€HEpPAaTUBHUX 3MaraibHULBKHX Mepex (GANs). GANs
BUKOPHUCTOBYIOTH JIBI HEUPOHHI MEPEXkKi - TEHEPaTOp 1 JUCKPUMIHATOP, SIKI KOHKYPYIOTh MK
co000 y CTBOPEHHI PEaTICTUYHUX «II1POOO0K» aHWX Ta BIAPIZHEHHI CIPABXKHIX JaHUX BIJ
miIpoOJIeHNX, 0 MPU3BOAUTH A0 F€HEpallli HOBUX JaHUX BUCOKOI SKOCTI. GANS 103BOISIOTH
CTBOpIOBaTH aOCOJIOTHO HOBI JaHI HAa OCHOBI ICHYIOUHMX HAaOOpIB JaHUX, POOJISYM 1X
e(DeKTUBHUMU JJIsI OTPUMAHHS BEJIMKOI KUIBKOCTI BHUCOKOSIKICHUX JaHHUX 332 KOPOTKHI
npoMixoK vacy. [Ipote BUKOpUCTaHHS MIIXOIB, sIKI 0a3ytoThcsi Ha BUKopuctanHi GANSs, Ha
ChOTOJIHI BUMAara€e 3HayHUX OOYHCIIOBAJIbHUX PECYpCIB, 10 POOUTH iX BHUCOKOBAPTICHUM
M1JIXOI0M.

ABTOMaTHYHA PO3MITKA JJAHUX BU3HAYAETHCS SIK MPOLIEC BUKOPUCTAHHS CKPUIITIB IS
aBTOMAaTH30BAHOTO MapKyBaHHs aHuX. L{el mpoiiec cupoMOKHUM aBTOMAaTU3YBaTH IUPOKUI
CIEKTp 3aBllaHb, TAKUX SIK PO3MITKA 300paK€Hb Ta TEKCTY, IO BUKIIOYAE HEOOXITHICTD
BEJIUKOT KUTBKOCTI pO3MITUUKIB AaHuX. KoMm'toTepHa nporpama, o BUKOPUCTOBYETHCS IS
aBTOMATHYHOI PO3MITKM, HE BUMAarae IMepepBH Ha BIAMNOYMHOK, IO JO3BOJSIE OYIKYBaTH
OTpUMaHHs pe3yJbTaTiB HabaraTo MIBU/IIE, MOPIBHSIHO 3 PYYHUM MapKyBaHHSAM JaHUX.
Onnak, He 3BayKal04M Ha MepeBary, e miaxij e AaJIeKuid Bijl MOBHOI JOCKOHANIOCTL. Tomy B
MPaKTUI[l YacTO BUKOPHUCTOBYETHCS KOMOIHAIII MPOrpamMHOI PO3MITKHM Ta CIeliadbHOl

KOMaHOIW OJId 3a0e3neueHHs SKOCT1 OTPHMAHHUX JaHUX.
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1.8 OOrpyHTyBaHHSl HEOOXiTHOCTI NIPUCKOPEHHS PO3MITKH

OckUIbKHM sIKICHA PO3MITKA JaHUX MPEACTaBsA€ COOOI ITEpaTHUBHUN MPOIEC, IO
BKJIFOYA€E B3a€EMOJII0 3 JIIOJUHOK — PO3MITYMKOM JAaHUX, CaM L€ Ipouec BUSBISETHCA
BUTPATHUM 3a 4YacoM. JrigHo 3 adHamitukoro kommaHii Cognilytica [101], Ha
CEpEeIHbOCTATUCTUYHOMY IIPOEKTI, OB’ SI3aHOMY 3 MAallIMHHUM HaB4YaHHAM, 110 80% poboyoro
4yacy BUTpadaeThcsi Ha 00poOKy ganux Ta juiie 20% Ha po3poOKy Ta BOPOBAIKEHHS PIILICHHS.

JiarpamMa po3nofiuly 4Yacy MDK pI3HUMH JISJIBHOCTSIMH Yy CYYAaCHHMX IPOEKTaxX 3

MAIIMHHOTO HABYAaHHSA MojaHa Ha pucyHky 1.13 [101].

= 3HAXO4XKEHHA AAHUX Arperauia gaHux 3 gepan = QinbTpauia AaHMX
Po3miTka gaHmx Po3pobka anroputmy TpeHyBaHHA moaeni
m KanibpysaHHa moaeni m Po3ropTaHHA mogeni

10 :

25

40

Pucynok 1.13 — Jliarpama po30uBKHM 4acy Ha pi3HI aKTUBHOCTI B Cy4YaCHUX MPOEKTAX 3

BUKOPUCTAHHSIM MalllUHHOTO HaB4YaHHsA [101]

Jlo akTuBHOCTEH MO PpOOOTI 3 JAHUMHU BIAHOCATHCS: 3HAXO/DKCHHS JDKEpeN JaHUX,
arperaiisi JaHUX 3 IUX JOKepen, (uIbTpallis JaHuX, pO3MITKA JaHUX Ta iX ayrMeHrarlis. Jlo

aKTUBHOCTEH, MOB’A3aHUX 3 HABYAHHS MOJIeNIel, BIAHOCITHCA: pO3p0o0Ka METO/IIB MAIIUHHOTO
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HaBYaHHS, BKJIIOYAIOUM HAMMUCAHHS apXITEKTypH MOJieNied HEUPOHHHX MEpEeXK, TPEHYBaHHS
Mojienel, KaaiopyBaHHs MOJIEEH Ta iX pO3ropTaHHs B poO0OUOMY CepeoBUII, OyAb TO XMapa
YU IEPCOHANBHUN MPUCTPIH.

BpaxoByroun TO# (pakT, 110 CTBOPEHHSI OOIIMPHUX HAOOPIB AaHUX € TPYJOMICTKUM Ta
BUTPATHUM IIPOIECOM, TEXHOJOTIUHI TITaHTH 3I1MCHIOIOTh aKTUBHI 3aXOJU JJI 3aXOIJICHHS
3HAQYHOI YaCTUHU MPOTpaMHOro 3a0€3MEUeHHs, MOB'A3aHOr0 3 MAIIMHHUM HaBuaHHsAM. lle
OOyMOBIIEHO IXHBOIO 3JIaTHICTIO IIBUIKO CTBOpIOBaTH 00'€éeMHI Ha0oOpW JaHUX,
BUKOPHUCTOBYIOUHU BEJIMKY KUIbKICTh PO3MITUHUKIB JAaHUX, SIK IITATHUX, TaK 1 KOHTPAKTHUX, IO
(YHKIIIOHYIOTh B Tak 3BaHuX (haOpukax mo po3mitii ganux [102]. Taki ¢paOpuku ABISIOTH
co0010 IIEHTpaTi30BaHl YyCTaHOBU a00 MIATPOPMHU, JI€ BEJIMKI KOMaHIU PO3MITUYHKIB BPYUHY
nepersiAaloTh, KIACU(PIKYIOTh Ta I[O3HAYAIOTh JdaHl I BUKOPUCTAHHS B MOJENAX
MalMHHOTO HaB4yaHHs. Lle¥ miaxin qo3Bossie 3a0€3MeYnTH BUCOKY SIKICTh 1 TOYHICTD JAHUX,
HEOOXITHMX JJIi HaBYaHHA CKIagHUX Mojeneid. DaOpuku pO3MITKH JaHUX YacTo
BUKOPHUCTOBYIOThH MEPEIOB1 IHCTPYMEHTH Ta TEXHOJIOT11 JAJIsl aBTOMATH3aI(li YACTUHU MPOIIECY,
10 JOJIaTKOBO MIJIBUILY€E €(PEKTUBHICTh 1 IPOJYKTUBHICTD.

VY 3B'I3Ky 3 IIUM JIsI HEBEIUKUX KOMIAHINA Ta cTapTamiB BUPIIICHHS BIACHUX 3aBJaHb
BUMAara€ BHHAWJCHHS aJlbTEPHATUBHUX MIIXOJIB, 30KPEMa, BUKOPUCTAHHS MyOJIYHUX Ta
crieniaii3oBaHuX HaOOpiB JaHUX. BOHM MOXyTh 3BepTaTuCs A0 BIIKPUTHX IU1aThopMm 3
PO3MITKHU JTlaHuX, Takux sik Amazon Mechanical Turk a6o CrowdFlower, siki HagaroTh 1OCTYII
710 IIUPOKOI Mepexi (pilaHCepiB i1 BUKOHAHHS PI3HOMAHITHUX 3aBJlaHb 3 po3MITKH. Kpim
TOro, HEBEJIMKI KOMMAaHli YacTo po3pOOJISIIOTh HOBI METOJM HaMiBaBTOMAaTU4YHOI abo
aBTOMATHYHOI PO3MITKH JIaHUX, 3aCTOCOBYIOUM aKTUBHE HaBYaHHS a00 TpaHCc(hepHe HaBUaHHS,
110 JI03BOJISIE 3HAYHO CKOPOTUTU BUTPATH Yacy Ta PeCypCiB Ha CTBOPEHHS SIKICHUX HaOOpiB

JaHUX.
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1.9 Oco0auBOCTI PO3MITKH JaHMX JJIS 32124 JeTeKil 00’ €KTIiB

JleTekiis 00’ €KTIB — 1I€ TEXHIKA KOMIT FOTEPHOTO 30Dy, sIKa nepeadavae BUSBICHHS Ta
JoKami3aiio 00’€KTiB Ha 300paKe€HHI M BiJleo. MeTor AeTeKili 00’€KTIB € 1eHTudikaris
MPUCYTHOCTI OO ’€KTIB Ha 300pa)kKe€HHI YU BIiJIEO Ta BU3HAYEHHS iXHBOT'O MPOCTOPOBOTO
pO3TalllyBaHHS Ta pO3Mipy B Mexkax 300pakeHHs. SKICTh pO3MITKH BIJIrpa€e BUPIMIATBbHY POJIb
y IeTeK1ii 00’ €KTiB, OCKIJIbKM BOHU HAIAIOTh PO3MIUCHI JIaHi [ HABUAHHS MOJIeNIeH JeTeKIi
00’exTiB. TouHa po3MiTKa 300pa)kKeHb JOMOMarae 3a0e3MeYUTH SKICTh 1 TOYHICTh MOJEINI,
TO3BOJISIFOYM 1l TOYHO 11IeHTU(IKYBaTH Ta JIOKAII3yBaTH 00’ €KTH.

Po3miTka aetexiiii 00’ €KTIB — 11e CUCTEMaTUYHUN MPOIEC, HEOOXIAHUMN ISl HAaBUYAHHS
MOJIeIell KOMIT' FOTEPHOTO 30pYy, IO CKIAMA€ThCsl 3 JEKUIBKOX KIIIOUOBHUX €TalliB, SKi
BKJIIOUAIOTh B ceOe 1IeHTH(IKAIII0 Ta OOBEICHHS KOHTYpIB OO'€KTIB, IO I[IKABJIATH, 3a
JIOTIOMOT 00 MPSIMOKYTHUX PaMOK, MOJIroHiB a0o iHmux ¢iryp. Lleit eTan yacTo BUKOHY€ETHCS
BpPYUYHY, ajie MOKe OyTH 4YaCTKOBO aBTOMATH30BaHUI1 3a JJOMOMOI0I0 OTIEPEAHHO HABYATBbHUX
Mojienell abo 1HCTPYMEHTIB HaNiBaBTOMATUYHOI PO3MITKH, SIKI MPUCKOPIOIOTH MPOIEC Ta
3MEHIIYIOTh KUIBKICTh MOMIIIOK. ITicist po3miTku 00'€KTIB MPOBOJIUTHCS MEPEBIPKA SKOCTI.
[leit eranm BKIOWae B ceOe peTeNbHY MEPEBIPKY PO3MIYEHUX JAaHUX MJiS BUSIBJICHHSA Ta
BUIMPABJICHHS MOXIJIMBUX MOMUIOK. BHCOKa SIKICTh PO3MITKH € KPUTHYHO BaXXJIUBOIO JIS
YCIIXY MOJIeJIEN KOMIT IOTEPHOTO 30PY, OCKUIbKM MOMUIIKM Ha I[bOMY €Tarl MOXYTh 3HAYHO
BIUIMHYTHU Ha pe3ysbTatd HaBuaHHs [ 103-105]. [Ipuknaa po3miueHOro 300pakeHHs HABEJEHO
Ha pucyHky 1.14 [103].

[Ticns ycnimmHOro HaBYaHHS MOJENb JETEKLIi 00’€KTIB MOXe OyTH 3acTOCOBaHa J0
HOBHX 300pakeHb, K1 MOJIeNIb paHille He Oauyuia, ;s 11eHTudikaIi Ta Jokamizamii 00’ €KTiB
y MeXax BUBUEHHUX KJiaciB. Lleil mOKpOKOBUIA MPOIEC € OCHOBOIO JIJIsi CTBOPEHHS HAIMHUX 1
e(heKTUBHUX CHUCTEM BUSBJICHHS 00’ €KTIB y pI3HUX cdepax 3aCTOCYBaHHS, MOYMHAIOYH Bij

CIIOCTEPEKEHHS 1 3aKIHUYIOYM aBTOHOMHHUMU TPAHCIIOPTHUMU 3ac00aMHu.
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Pucynoxk 1.14 — Ilpuknag po3midyeHOTro 300paxeHHs 3 pizHUMU Kiiacamu [103]

OpHi€ro 3 MPUYUH, YOMY PO3MITKA JTAHUX JJISl 3a/1aul JIETEKIli 00’ €KTIB € TOPOXKUOL0,
HDK JUIs 337241 Kiacudikaiii 00’ €KTiB, € Te, 1110 AETEKTOPU NOTPeOyIOTh Oblie iHGOopMaIllii 3
KOKHOTO 300paxkeHHs. [ns mpukiany, y 3amaul kiacudikaiii o0’€KTIB HEOOXIAHO JUIIE
BKa3aTH, /10 SKOI KaTeropii HaJIeKUTh 00’ €KT Ha 300pakeHHI. Y 3a/1adi X JeTeKIii 00’ €KTIB
MOTPIOHO BKa3aTH KOOPJMHATHU Ta PO3MIpPU 001acTi, /e 3HAXOAUThesl 00’€kT. B pesynbrati
bOr0 MOMYJISIpHI HaOOpW JaHuX A 3anadi aetekiii 00’ekTiB Takux ik PASCAL VOC
(12,000 306paxkens Ta 20 kateropiit) [45] Ta MS COCO (120,000 306pakenb Ta 80 kaTeropiii)
[46], mo 3HayHO MeHmIe 3a HaOip ganux ImageNet [1] (1,400,000 300paxensr Ta 1,000
KaTeropiii), mosiBa SKOro Jajla 3HAYHUW TOIITOBX B PO3BUTKY CYYaCHUX METO/IB

KOMII FOT€PHOTO 30py Ha OCHOBI METO/I1B IMTMOOKOI0 MAIIMHHOTO HABYAHHS.
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Po3miTka 300pakeHb MoJiAirae B MO3HA4Y€HHI 300pakeHb MITKaMu, 1100 JaTh MOJENl
iH(opmarliiro mpo 300paxeHHs. KUIbKiCTh MITOK Ha 300pa)kKeHHI 3aJICKUTh Bif 3amadi. s
3a/1a4l JeTeKIli 00’€KTIB MOKe OyTH HEOOXIJHO MOMITUTH KijbKa OO'€KTIB 3 YHIKAJIbHUMHU
MiTKamMu. BapTicTh po3MITKM JaHMX MIJIS 3ajaadl ACTeKIli 00’ €KTIB 3aJIeKUTh BIJ PI3HUX
(akTopiB, TaKUX SK KIUIbKICTh O0'€KTIB Ha 300pa’kKeHH1, KIJIbKICTh YHIKaJbHHX KaTeropii,
pO3MipiB 00'€KTIB, HAIBHOCTI MEPEKPUTTS 00'€KTIB Ta KIIBKOCTI JIFOJEH, 1110 OYIyTh pO3MIYaTh
nani. CepeHs BapTiCTh OAHOTO 300pakKeHHs PO3MIYEHOr0 JBOMA JIFOAbMH CTaHOBUTH $2 [106;
107], mo npu3BOAUTH A0 MUIBHOHHUX BUTPAT IJI PO3MITKH HA0OpiB JaHUX, MOAIOHUX MS
COCO [46], uepe3 BIACYTHICTh IIUPOKOI aBTOMATHU3AIIiT TPOIECY PO3MITKH JaHUX.

OnHMM 13 HANIPSAMKIB 11010 3MEHIIIEHHS BAPTOCTI PO3MITKM JAHUX JJIS 3a7aul JeTeKITi

00’€KTIB € po3poOKka BUCOKOE(PEKTUBHUX MPOIeCciB po3miTku nanux [108; 109].

1.10 ITocTanoBKa 3ajaui

Jns mocTaHOBKM 3ajadl NMPUCKOPEHHSI PO3MITKH 00’€KTIB Ha B1JIE0O BUKOPUCTAEMO
TEOPETHUKO-MHOXKUHHMM miaxia. PosriasHemo Bizmeo V, ske ckimagaeTbes 3 MOCHIIOBHOCTI N
KaJpiB:

V = {v,v,,v3,...,05}, (1.1)
7€ V; — OKpPEMHM Kajap Bijeo.

Hexaii HeoOxinHo po3mitutu K pi3HUX TUMIB 00’€KTIB, SIKUM MPUCBOEHO 1HJEKC B
MHOXUHI kinaciB C = 1 .. K. [lpunycTuMo, 1m0 Ha KOXKHOMY Kaapl V; po3MmivaeTbes M;
00’ €KTIB.

Toni 3aBIaHHs PO3MITKHM Mependavae MO3HAYCHHS HAa KOXXHOMY Kajpl V; KOOpAMHAT
o0'ekrie Oy, i =1,..N,j =1,..M; Ta inentudikaropy Kiacy c;j, 10 SAKOTO BIJIHOCHUTHCS
No3HAYeHUH 00°€KT. TakMM YMHOM, MOYKHA BU3HAYUTH MHOKHHY O0'€KTiB O;; Ha KOKHOMY
Kazapi:

0ij = {Cxijp vijy wij, hijy €ij) | x5, Vi, wij, hyj € [051], ¢i5 € C} (1.2)
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€ X;j,Yij — BIIHOCHI KOOPJMHATH BEPXHBOTO JIBOIO KyTa 00'€KTa, W;j, h;j— BIIHOCHI
IIMPUHA Ta BMCOTA MPAMOKYTHHMKA, 10 BU3HAYA€ MEXI PO3MIYEHOro 00’€KTa, C;; — KIac
00’€eKTa.

[TozHaunuMo O MHOXHUHY BCiX 00'€KTIB Ha BCIX KaJpax BIJEO:
0={04li=1..N,j=1..M}. (1.3)
Toni 3amada po3MiTku Bifeo V monsirae B poO3MITII PO3MITUYUKOM (JTIOJIMHOK)) YCIX
00’exTiB 0. IIpUmycTHMO, 110 PO3MITKA BijIco V' pO3MITUMKOM (JIFOJMHOKO) 3ailMaE Tp o5y YACY.
[{inp aBTOMATH3AIIIT IPOIIECY PO3MITKH BIJICOJAHUX TOJISITAE€ B MiHIMI3alli1 4acy PO3MITKHU:
Tposmw — min. (1.4)
Jlns aBTOMaTH3aliii po3MiTKH BiJI€0 BUKOPUCTOBYETHCS METO F':
F:V - 0, (1.5)
KA BHKOHYE BimoOpaxkeHHst Bimeo V Ha meBHmii HaGip 06’ektiB O'. OCKUIBKH SKICTH
pe3ynbTyrounx 00’ekTiB 0 3a/I€KUTH BiJl BAKOPUCTOBYBAHOI'O METOY aBTOMaTH3arii F, skuii
MOKE MaTh He ieaqbHy TOYHICTh 3HAXOMKEHHS 00 €KTIB, TO BiAMOBIAHO MHOKUHA O’ MOXe
MaTH TaKl MOMUJIKU:
- MOPOMNyUIEHUN 00’ €KT HA MEBHOMY KaJIpi;
- 3HaiJICHO Ta PO3MIUE€HO 00’ €KT, IKOTO HE ICHY€E (XUOHO MO3UTUBHE CIIPAILIOBAHHS);
- 3HAWJEHO Ta BIPHO PO3MIUEHO 00’€KT, ajie KOOpJAWHATH 00’€KTa HE BIAMOBITAIOTH
OYIKYBaH1il TOYHOCTI.
BianoBigHOo Bifi€o, K1 pO3MIYEHI 32 JOMOMOTOI0 METO/IIB aBTOMAaTH3allli, TOTpeOyIOTh
BUIPABJICHHS (IOPO3MITKH) PO3MITYMKOM, IO CKIANAE Tronosmiten < Tposm 4acy. OTKe,

3a[[a4€K0 [aHOTO JIUCEPTAIIMHOTO JOCHIDKEHHS € MiHIMI3alis 9acy Tyoposmirius 110 MOKHA

JOCSTHYTH IUIIXOM ONTUMI3allii mapameTpiB 8 MeToay aBTomMaTu3anii F:

Omin = argminlL (Fy(V),0), (1.6)
6

ne L — GyHKIIis CX0KO0CT1 IBOX HAa0OPiB 00’ €KTIB.
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B pamkax naHoi poOoTu sik (QYHKIIFO CXOXOCTI BUKOpUCTaHO (yHKIII0 mAP 3amaui
neTekiii 00’ €KTIB.

OCKUIBKM 3alpONOHOBAHUN B paMKax JaHOTO JUCEPTALIMHOTO TOCHIIKEHHS METO
aBTOMAaTH3allll PO3MITKHU JTaHUX — 11¢ 0araTOKOMIOHEHTHE PIIICHHS, TO METOJI0M ONTHUMI3aIlii
oOpaHo >kaalOHWH MiAX1J, SKUH BHUXOJWTH 3 MPUIYIICHHS, IO JIOKAJbHO ONTHMAaJIbHI
rinepnapaMeTpu MeToAy OyayTh TJIO0adbHO ONTUMAJIBHUMHU, Ta ONTHUMIZY€E MapameTpu
KO>KHOT'O KOMITOHEHTa OKPEMO.

BukoHaBmu aHani3 HassBHUX 1IHCTPYMEHTIB PO3MITKH 300paK€Hb Ta BIACOJAHUX OyIU
BUSIBJICH] HACTYITHI TEXHIYHI HEIOMIKH, K1 OOMEXYIOTh X €()eKTUBHICTb:

- BAKOPUCTAHHS JIMIIE OJHOTO METOJYy HAaBYaHHS, aKTUBHOTO a00 HYJIbOBOTO, 3BYXKYE
CHEKTp 3ajay, sKI MOXYThb OyTH OOpOOJIeHI IIMMU IHCTPYMEHTAMH, IO 3HIXKYE iX
YHIBEpPCAIbHICTB;

-Opak METOJIB ISl MPUCKOPEHHS MOJENIe aKTUBHOI'O HABUAHHS IOJIOBXKYE LMK
HaBYaHHS Ta 3aTPUMYE JOCSATHEHHS] HUIMU JOCTaTHHO BUCOKOI TOYHOCTI;

- piBHOMIpHUI BUOIp KaApiB y BiICO HE BPaXOBYE JTUHAMIYHI 3MIHU CIIEHU, 10 3HUKYE
TOYHICTh aBTOMAaTU30BaHO1 PO3MITKHU;

- BIICYTHICTh ONTHUMAaJIbHUX METOMIB 10 iHTerpauii VLM ta LLM mopeneit y nporuec
PO3MITKY JaHUX 3HMKY€E TOUHICTh KIHIIEBUX METO/IIB.

BianoBigHO 10 MOCTaBIE€HOI ONTUMI3AIINHOI 3a7a4l  Ta BPaxOBYIOUM BUIIICHABEICHI
HEBUpIIIeHI TPoOJIeMH B paMKax JAHOTO JOCIIKEHHSI HEOOX1HO BUPIIIUTH TaKi 3aBIaHHS:

- pO3pOOUTH METOJ 10 HaBYAHHS HEUPOHHUX MEPEXK, 110 MIJBUIINYE TOUHICTH METOIB
pO3Mi3HABaHHS IO BIJIEO;

- pO3poOUTH METOA 10 3MEHIIEHHS 00csAry oOpoOieHux KaapiB MJis METOIB
KOMIT FOTEPHOTO 30DY;

- pO3pOOUTH METOJ MO BUKOPUCTAHHIO Bi3yalbHO-MOBHUX MOJENEH JUIsS MiJABUIIECHHS

TOYHOCTI 3aJ1ay, sIKi BUPIIIYIOTh MPOrpaMHi 3aco0u;
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- IOCTIIUTA Cy4YacHI MPOrpamHi 3aco0u IJisi PO3MITKM 300pakeHb Ta BIIEOJaHUX,
MpoaHaIi3yBaTH iX apXITEKTypH;

- IOCHIAUTHA TPOIECH PO3MITKH 300pakeHb Ta BIAEOJAHUX, METOAM JO iX
MPUIIBUIIICHHS;

- CTBOPUTH JyaldbHY apXiTEKTypy aBTOMATHU30BaHOI PO3MITKH JaHUX 3a JOMOMOTOIO
pI3HUX METO/AIB KOMM'IOTEPHOTO 30py, IO MPUCKOPUTH MPOILEC PO3MITKH MaHUX IS
MPUIIBUJIIIEHHS PO3MITKH TaHUX;

- BUKOHATH MPOTPaMHy peati3ailito Ta eKCIEpUMEHTAIbHE JOCTIKEHHS XapaKTEPUCTUK

Koxnuit 3 po3poOiieHHX B JucCepTallii METOMIB BHUPINIYE 3aJady ONTUMI3aIlil
rineprnapaMeTpiB METOJly aBTOMarTu3allii 3 meBHOro Ooky. Meroa mpiopuTesaiii po3MITKU
BIICOJJAaHUX TIJIBUIIY€E SKICTb JlaTaceTy, 10 BUKOPUCTOBYETHCS IJii TPEHYBaHHS
HeWpoMepexi, 1 TUM CHPUS€ MIJBUIICHHIO TOYHOCTI JETEKIli 00’€KTIB B OKPEMOMY KaJpi
Bizieo. ITepaTuBHMIT MeTO B1IOOPY KIFOYOBUX KAJPIB MIJBUILYE SKICTh y3araJbHEHHS 3MICTY
BiICO 1 TUM CaMUM IMiJABUILYE TOYHICTh BUOOPY KaJpiB HA BiE€O IS ACTEKIl 00 €KTIB y
MOPIBHSIHHI 3 pIBHOMIPHUM BUOOPOM KazpiB. Meton Attr4Vis miIBUIY€ SIKICTh BUKOPUCTAHHS
Bi3yaJlbHO-MOBHUX MOJeJed  Jyisi JeTekili o00'ekTiB. Meton 00’€lHaHHS pPe3yIbTaTiB
aKTUBHOI'O Ta HYJbOBOIO HaBYaHHS 301IbIIYE TOUHICTh JACTEKIIl 32 paXyHOK BUKOPUCTAHHS

OUIBII SKICHOI HA IOTOYHOMY €Tarl pO3MITKH MOJEIII.

1.11 BucHoBKkH 10 po3ainy

B nanomMy po3aini po3riasiHyTO OCHOBHI aCIIEKTH JIETEKIIi 00'€KTIB, pO3MITKH TaHUX IS
3a/1a4 KOMI'FOTEPHOT0 30py Ta MPOTrpaMHi 3acO0u ISl pO3MITKH BiJIEOJaHUX.

Bbyno ornsiHyTO 3arajgbHi MiAXOAH J0 JAETEKINT 00'€KTIB, BKIIOYAIOUN JAeTAIbHUN OIS
IIMPOKO BIIOMHUX METOIB JeTeKIii 00’ ekTiB, Takux sk R-CNN, Fast R-CNN, Faster R-CNN,
Mask R-CNN, Cascade R-CNN, SSD ta YOLO. IlopiBHSIHO mepeBaru Ta HEAOJIIKH METOIB.
PosrnsiHyTo minxonu o AeTekuii 00’€KTIB Ha BIJEO Ta K BIIOYBA€ThCS MaclITaOyBaHHS

BHINE3TaIaHUX METOJIB BIJ 3a7adl AETeKIlli Ha 300pakeHH1 J0 JETeKIli Ha BiJeo uepe3
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JETEKI[i}0 00’ €KTIB HAa OKPEMUX KaJpax Ta BIIC/IIIKOBYBaHHS 00’ €KTiB yepe3 ¢puibTp Kanimana
a00 Ha 0a31 aJrOpUTMIB MIJAPaXyHKY ONTHYHOIO MTOTOKY.

Ornurcano mpoiiec pO3MITKH JaHUX Ta ii 3HaUeHHs )15l €PEKTUBHOTO BUPIIICHHS 3aB/IaHb
MalIMHHOTO HaBYaHHs. BUSBIEHO, 0 PO3MITKA JaHMX 3aliMae O0araTo 4acy Ta 3yCHib, TOMY
aKTyaJlbHOIO € HEOOXI1/IHICTh B aBTOMAaTH3AaIlli Ta MPUIIBUIIICHH] MPOIECY PO3MITKU JAHUX.
byno HaBeneHO OCOOMMBOCTI PO3MITKM JAaHMX JUIS 3a4ad JeTeKkiii 00’ekTiB. Takox Oyio
BUKOHAHO MTOCTAaHOBKY 3aJa4 JTOCJI1JI)KEHHS.

Otxe, 1€l po3ail HaAaB Orjs] QpyHAaMEHTAaJbHUX MPUHIIB Ta MPOrpaMHUX 3ac00iB

PO3MITKU JJAHUX JUIS 3aJ1ad KOMII FOTEPHOTO 30pY, 30KpeMa JIeTeKIii 00’ €KTiB.
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2 METOJ IMPIOPUTE3ALII CKJIAJHUX 3PA3KIB 1J14
HABYAHHSI HEVPOHHUX MEPEX

2.1 Metoau rJIn00KOro HaBYaHHS AJ MPOCTOPOBO-9aCOBOI0 MOJC/IIOBAHHSA

[IpoTSATOM OCTAaHHBOTO JAECATUIITTS OyJI0 IOCATHYTO CYTTEBOTO MPOTPECY B PO3BUTKY
METO/I1B TIMOOKOT0 HABYAHHS, IO CIIPHUSLIIO 3HAYHOMY MOKPAIIEHHIO IKOCT1 pO3B'si3aHHS 3a7a4
KOMIT F0TepHOTO 30py. Lle cTano ocoOiMBO MOMITHUM Yy KOHTEKCTI pe3yJIbTaTiB €TaJOHHHUX
TecTiB Kiacudikamii 300paxenb, Takux sk ILSVRC’2012 [1], a Takox I1HIIHUX
3arajibHOJIOCTYTHUX HA0O0PiB MaHuX [2]. JIOCSITHEHHS CTald MOKJIMBUMU 3aBJISIKU IIBUIKOMY
PO3BUTKY TIIMOOKMX HEMPOHHHX MEpEeXkK, 30Kpema 3ropTkoBux HeWpoHHuxX mepex (CNN) 1
apxitektyp Ha 06a3i Transformer, exkcCHmOHEHIIHHOMY 30UIBIIEHHIO OOYUCIIOBAIBHUX
MOXJIMBOCTE Cy4YacCHOTO amapaTHOro 3a0e3leueHHs, 30kpema rpadiuHuX MpolEecopiB, a
TaKO0X IIUPOKIHM JOCTYMHOCTI BEJIMKUX aHOTOBaHMX HA0OPIB JaHUX, TakuXx sk ImageNet.

3ropTKOBI HEHUPOHHI MEpEXl TPUBAIMI Yac 3aNHUIIAIUCS JOMIHYIOYUM MIIXOJI0OM Yy
3a/layax Bi3yallbHOro po3mnizHaBaHHs [3—5]. Mepexi, Ttaki sik P3D [55], Bmepiie
MPOJIEMOHCTPYBAJIM MOXKJIUBICTh BUKOPUCTAHHS 3D-3ropToK AJisl MOJICIIFOBAHHS TPOCTOPOBO-
YacOBUX 3aJIEKHOCTEH, 3ampornoHyBaBIM apxiTektypy 3 11 mapamu. Iliznime I3D [57]
nokasana, 1o iHimanizamisa 3D-3ropTok nmonepeaHb0 HABYEHMMH Baramu Mepexi Inception
Jla€ BUCOKY TOUYHICTh Ha Habopax nanux, Takux sik Kinetics. Po6otu, 30kpema S3D [56] 1
MVFNet [110], npoaeMOHCTpyBaiy, M0 JEKOMIO3UIISl MPOCTOPOBUX 1 YACOBUX ACMEKTIB
J03BOJISIE TOCSITTH 3HAYHOTO KOMIIPOMICY M1IXK IIBUAKICTIO pOOOTH MOJIEN1 Ta 1i TOYHICTIO.

[Tompu mporpec, BukopuctanHs 3D-3ropTok Mae cBOi 00MeKEHHs, 30KpeMa yepe3 Maje
pelenTUBHE MOJIe, 10 00MEeXy€e MOXKIUBICTh €PEKTUBHOIO MOJEIIOBAHHS JIOBTOCTPOKOBUX
3asie)kHocTe y Bijeonanux. Kpim Toro, mpsime 3amimiennst 2D-3roprok Ha 3D-ananoriuni
CYTTEBO 30UIbINy€e oOuncaoBanbHi BUTpat [111]. 1106 momonatu 1i 0OMeEXEHHS, MOYaIu

3'SIBISATUCS METOIU (DAaKTOPU3AILil, SIKI PO3AUISIOTH YaCOB1 Ta IPOCTOPOBI ACMIEKTH 3rOPTOK, L0
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JI03BOJIAJIO 3MEHIITUTHU CKIAHICTh MOIENEH 1 3p00UTH iX OUIbII TPUAATHUMHU J0 3aCTOCYBAHHS
Ha mpakTuii [55; 56].

[HmMM BaxkiuBUM HanpsiMKOM po3BUTKY CNN cTajio BUKOPUCTaHHS MEXaHI3MIB yBary,
10 JA03BOJISIIOTH Kpallle MOJEIIOBATH B3a€MO3B'SI3KA MIXK PISHUMU YaCTUHAMU 300pakKeHHS.
[lepuioro Mepexkero, sika YCIIIIHO BUKOpUCTajda MexaHi3M yBaru, ctama NLNet [112], saxa
MokKaszana, sk €()eKTUBHO BUSBISTH MPOCTOPOBI 3AIEKHOCTI MK MikcenassMu. [lomganbrimit
po3BuTOK y 1K cepi OyB mpencraBinenuit GCNet [113], axuil cipocTUB CKIATHUN OJOK
HeniHiiHOT yBarm NLNet, 3aMiHMBIIM HOro JErmiMM 1 MEHII PECYypCOMICTKUM OJIOKOM
riobanpHOro KoHTekety. Lled miaxia 3HU3uB OOUYUCITIOBAIbHI BUMOTH 0€3 BTpaTU TOYHOCTI.
DNL [114] 3amponoHyBaB Ie¢ OLIbII THYYKHW MiAXIJ, IO JIO3BOJISIE BPaXxOBYBaTH pi3HI
KOHTEKCTU i1 OKPEMHUX MIKCENIB y MeXax CIUIBHOrO TI00aIbHOTO KOHTEKCTY, IO 3HAYHO
MOKPAIIUIIO €(hEeKTUBHICTb.

VY cydacHOMY KOMIT' FOTEPHOMY 30pi JAeAalli YacTillle BUKOPUCTOBYIOTh apXiTEKTypHU
HelipoMepexi Ha ocHOBI Transformers, siki 3apekoMeHAyBalu ce0e sIK HaA3BUYaitHO e(heKTUBHI
JUIs 3a7ad po3Mi3HaBaHHA 300pakeHb [62, 64, 115]. Vision Transformer (ViT) [62] cTana
OJIHIEIO 3 MEPIINX MOJIEIIEH, sika 3acToCcyBaia TpaHchopMepu AJisl aHai3y 300paxeHb. Y il
apXiTeKTypi 300pakeHHs1 PO30MBAETHCS HA HENMEPEKPUBHI YacTUHU (patches), 110 HATXOIATH
Ha BXia ctanaaptHoro Transformer-enkonepa [61]. PesynabraTu, orpumani ViT Ha Habopi
nanux ImageNet, mepeBepiimin MOKa3HUKH TouHOCTI Mozened CNN, 1Mo MOTHBYBalo
MOAANbIII TOCI1IKEHHS.

Tpanchopmepu noBenu CBOIO €QEKTUBHICTh TaKOX Yy 3ajladax BiJcoaHami3y.
Hanpuxnan, TimeSformer [116] 3acTocyBaB mpocTOpOBO-4aCOBHI MEXaHi3M yBaru, o Aajio
3MOTY JIOCSATTH Kpamoro OajaHCy MiX MIBUIKICTIO Ta To4HIcTIO. ViVIT [65] mpo/ioBKUB
PO3BUTOK IHOTO MiAXOY, 3aPOMOHYBABIIH (DAKTOPHU3ALIII0 YBATrH ISl IPOCTOPOBUX 1 YACOBUX
KOMITOHEHTIB, 1110 3a0€3Me4nII0 BUCOKY ITPOIyKTUBHICTh HAa Ha0Opax JaHuX, Takux sk Kinetics.
MVIT [67] po3umupuB 10 apxiTeKTypy [0 MYJbTUMACIITAOHOI, M0 MiJBUIIUIO

MPOAYKTUBHICTb.
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Hemonasuo Oyno npencrasieHo Video Swin Transformer [66] sik mpocTOpOBO-4acoBy
agantaniro Swin Transformer [64], skuli € OCHOBOIO KOMII'IOTEPHOTO 30pYy 3arajbHOTrO
MpU3HAYEHHS JJI1 po3yMiHHS 300pakeHHs. Bin 6a3yeThcs Ha Tiil camiil iepapX1yHiid CTPYKTY Pl
Ta pO3IIUPIOE MEXaHI3M JIOKaJbHOI yBaru 3 MPOCTOPOBOI JI0 MPOCTOPOBO-YACOBOI
MOJaIbHOCTI. MeXaHi3M yBaru 0OUMCIIOETHCA HA YACTUHKAX B1JI€O, 1110 HE MEPEKPUBAIOTHCS,
IUISIXOM 3aCTOCYBaHHSI METOAY KOB3HOro BikHa Swin Transformer, aganTtoBaHoro s
MOJIETIOBaHHS YaCOBOI MOJJaTbHOCTI.

Ha pucynky 2.1 300paxeno 3aranbHy apxitektypy Video Swin Transformer [66] Ha
MpUKIIal Horo MiHiaTiopHOi Bepcii (Swin-T). Bin npuiiMae Ha Bxig T KaapiB, KOXKEH 3 SIKUX
Mae posmip H X W X 3 mikceniB, mo ¢opmye Ten3zop 3 T X H X W X 3 eneMeHTiB y
3arajJibHOMY po3Mipi BX1THUX AaHux. [licig mporo BXiJHI JaHi PO3IUISIOTHCS HA YaCTHHU
po3MipoM 2 X 4 X 4 X 3 eleMEHTH, sIKi HEe MEPETHHAIOThCA, Ta PO3MISAAIOTHCS SIK BXI1JTHI
ToKeHH. Takuii miaxia mepeTBOPro€E BXiTHE 300pakeHHs Ha TOCTinoBHICTE T /2 X H/4 X W /4
3D-tokeHiB. KoxkeH TOKeH npecTaBlieHnil 96-BUMIpHUM BEKTOPOM perpe3eHTaii. JIiHiiHuit
map BUKOPUCTOBYETHCS JJIsI MPOEKTYBAHHS IUX 96-BUMIPHUX BEKTOPIB JaHUX Y BEKTOP

JOBLIBLHOTO BXiAHOTO po3mipy C.
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Pucynok 2.1 — 3aranbpHe npeacTaBlieHHs] OCHOBHUX KpokiB MeToxy Video Swin Transformer

(Bepcis Swin-T) [66]
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V¥ Video Swin Transformer [66] BXiHI TEH30pH IO YACOBOMY BUMIPY HE 3MEHILYIOTb,
OCKUIIBKH 11€ MOK€ MPU3BECTH JI0 3MEHIIIEHHS MPOAYKTUBHOCTI, SIK TTOKa3aHo B poboTtax [117;
118]. Ile no3Bossie TOTPUMYBATHUCS apXITEKTYpHU Ta NPHUHIUITY pOOOTH OpPUTIHAIBHOrO Swin
Transformer [64], sikuil 3MEHIIIY€ TPOCTOPOBUM PO3MIP BXIAHUX TOKEHIB HAMOJOBUHY MIiCIIS
KOKHOTO €Taly HUISIXOM TPYIyBaHHS CYCIJHIX MaTdiB 2X2 B OJIUH BEKTOp penpe3eHTalii 1
3MEHIIEHHS PO3MIpPY 300pa)K€HHsI HAIOJOBUHY 3a JOMOMOTOI0 IIapy JIHIWHOI MPOEKIIi.
Hanpuxnan, 8C-BumipHi 300pakeHHs Micjisl TpymyBaHHS OyayThb cropoekToBaHl Ha 4C-
BUMIPHI, SIK1 YTBOPIOIOTH BX1JHI MapKepH JiJisi HacTynHoro etany Swin Transformer [64].

KitouoBoro BimminHicTIO MK Video Swin Transformer [66] Ta opuriHaibHUM Swin
Transformer [70] € 3aMiHa MyJIBTUT0JIOBOTO MOAY IO YBaru (MSA) MyJIbTUTOJIOBUM MOJTYJIEM

yBaru 31 3MmineHuM 3D BiKHOM, SIK TTOKa3aHO Ha PUCYHKY 2.2.
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Pucynoxk 2.2 — IlpeacraBnenHst ocHOBHOTro 0yioky MmeTony Video Swin Transformer [66]
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[Tormpu 30CEepemKEeHICTh HAYKOBIIIB Ha BIOCKOHAJEHHI apXiTeKTyp, BaKJIUBUM
HaIMpSMKOM JIOCITIKEHb 3aTUIIAI0THCS MPOLeypy HaBuaHHs. E(exkTuBHI MeTO I onTuMizaii
J03BOJISIFOTh JOCSTTH KPaloro KOMIPOMICY MK IIBHUIKICTIO poOOTH Mojenel 1 IXHbOIO
TOYHICTIO, a TAKOX MIJBUILIUTH CTIMKICTh A0 3MIH y BXiqHUX AaHux [119; 120].

V wiit nucepraiiii 3p00JI€HO aKIIEHT Ha BJOCKOHAJICHH] MPOLIeyp HaBUaHHs, a HE JIUIIIE
Moau(ikaiii apXiTeKTyp, IO MOXE€ CHPUITH MOKPANIEHHIO MPOJYKTHUBHOCTI B 3ajayax
po3mi3HaBaHHs Bijieo. CaMme TOMY, 3aIIPOINIOHOBAHO HOBMM MIiJIX1J 10 HABYAHHS HEUPOHHUX
MepexkK 3 MOJEIIOBAaHHSAM TEMIIOPAIbHOT MOJATLHOCTI, 3ACHOBAHUH Ha 1/1€1 aHal13y CKJIQIHUX
HeraTuBHUX 3pa3kiB [121; 122], axuii BuOupae HaWCKIaAHINI 3pa3Ku JaHUX, Kl HE BIPHO
KJ1acu(iKOBaHI METOJOM MAIIMHHOTO HaBYaHHS, JJIsl MOJAIBIIOT0 HABYaHHS, 1110 HAHO1IbIIe
CIIpUSI€ M1JIBUIIEHHIO TOYHOCTI MOJIENI.

3anpornoHOBaHUM MiAX1J MiABUILYE TOYHICTh HABITHh HAWUJIMNIIUX MOJENed Ha Habopi
nanux Kinetics-400 [57] NOpiBHSHO 13 KJIACHMYHUM IMIJIXOJOM JO TPEHYBAaHHS HEUPOHHUX
Mepex. Ha dac npoBelieHHs TOCTIKEHHS OYyJIO JOCSITHYTO MEPEAOBUI pe3ysbTaT Ha HaOOPi
nanux Kinetics-400 (84,4% Top-1196,5% nnst Top-5 TOUHOCTI 3 BUKOPUCTAHHIM HEHPOHHOT
Mepexi Video Swin Transformer). HaBeneni y po3ainl pe3ynbratu Oyiu omyOiKOBaHI y
nyoOmikamii [123] Ta mnpe3eHToBaHi Ha MikHapoaHii koHpepeniii Intelligent Systems

Conference 2022 (IntelliSys 2022).

2.2 MaiiHiHTI CKJIAQAHUX HEraTUBHUX 3pPa3KiB

CknagHUMU HETAaTUBHUMM 3pa3KaMU B KOHTEKCTI JaHOi JucepTailii Ha3uBaIOTHCS
3pa3KH, SIKl XUOHO MO3UTUBHO Ta XMOHO HETATUBHO KJIACU(IKOBAHI HEUPOHHOIO MEPEKEIO Ta
MaroTh HaOUTbIIE 3HaYeHHs (PYHKIIIT BTpaT.

3aranbHa 1Jies MaHIHTY CKJIaJIHMX HEraTUBHHMX 3pa3KiB 0a3yeThCcsi Ha MPOCTIN iael
ONTHUMI3aIlli TOYHOCTI METO/IIB MAlIMHHOTO HAaBYaHHS JIMIIEC HAa HAWMCKIAJHIIIUX 3pa3Kax 13
Ha0opy JaHux abo makeTy B odJaiiH- yu OHMAH-peani3anii BianoBiaHo [124]. e mporec

300paxeHo Ha pucyHky 2.3 [125].
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Pucynok 2.3 — Ilpouiec MaliHIHTy CKJIaJJHUX HETaTUBHUX 3pa3kiB [125]

3 iH1oro 00Ky, pokanbHa GYHKIiS BTPAT JO3BOJISIE 30CEPEAUTUCS METOIAM MAILIUHHOTO
HaBYAHHS HA HEMPABUIBHO KIacU(IKOBAHUX 3pa3Kax 3 BUCOKOKO BIEBHEHICTIO Ta 3MEHIIUTH
BIUIUB MPaBUJIbHO KJIacH(IKOBAHUX €JIEMEHTIB M1 yac onTumizaii [ 122].

Oo6unsa miaxoau [122; 124] npunyckaroTh, 10 HABYAILHUN HAOIp JaHUX 1€albHUM 1 B
HbOMY HEMa€ MOMWIOK po3MiITKU. lle mpumyiieHHss He clpaBesIUuBE JIJIsi BEIUKUX HAOOpiB
JIaHUX. Y IbOMY HAyKOBOMY JOCJIII)KEHH1 3aITPOMIOHOBAHO MiX11 MaWHIHTY CKJIaJHUX 3pa3KiB,
SIKUM HE BUMarae po3MiTKH, a OTKe, He CXWJIBHUN /10 TIOMHJIOK B PO3MITII JaHUX.

HesBaxkaroun Ha 3HAYHUN OPOrpec, JOCATHYTUHN Y MIJBUILEHHI TOYHOCTI MOJENIEeH st
pI3HUX 3aBJaHb KOMIT'IOTEPHOTO 30pYy, TaKUX SIK JACTEKIs 00’ €KTIB, MPOIIECH HaBYAHHS
HelpoMepexl Ui 3a7ad Ha BIJEO MPOJOBKYIOTh BUKOPUCTOBYBATH KJIACHYHUN MIAXIJ JI0
HaBYaHHS, SIKMM onTUMI3ye (QYHKIIIO BTpaT Ha 0a3i OiHapHOI KpoceHTpomii. Y [122] Oyno
JOBEJICHO, IO 1€ MOKE MPU3BECTU JI0 HEJIOCTATHHOIO BUKOPUCTAHHS JTAHUX MEPEKEI0, AKa
3aMICTh TOTO, 00 30CEPEIKYBAaTUCS HAa HEMPABUIBHO KIAacU(PIKOBAaHUX 3pa3Kax 3 HU3BKOIO
BIIEBHEHICTIO, IOYMHAE ONTUMI3YBaTH IIEPEBAKHO 3PA3KH, K1 BKE YCIIIIHO KIaCU(PIKYIOThCS.

Bizyanizanis neraneid nboro npoiecy 300pa)xeHa Ha pucyHky 2.4 [122].



71

5
] o
CE(p) = — log(p) s
4 = —(1 —p)" log(p) y=1
y=2
_.,}_5

well-classified
examples

0 0.2 0.4 0.6 0.8 1
probability of ground truth class

Pucynok 2.4 — ®okanbHa QyHKIIIS BTpAT, sIKa I03BOJISIE 3SMEHILIUTH Bary JaHUX, K1

JIOCTATHBO TOYHO KJIACU(DIKYIOThCS HEHPOHHOIO Mepexkero [122]

Cxosxy npobseMy MOHa CIIOCTEPIraTy B 3a/1a4ax Kiacuikauii Ha BiI€o, /€ IepeBaKae
BEJIMKA KUIbKICTh MPOCTUX JJIsI Kiacudikailii 3pa3KiB, 1 TOCIIAHUKAM TOTPiOHO 3HANTH CrIOCiO
MOCTIHHO MIiABUIIYBAaTU SKICTh METOJIIB MAIIMHHOTO HaBYaHHS Ha CKJIAJHHUX 3pa3kax. 3
MPAaKTUYHOTO JAOCBIAY cCiiaye, 1o ¢okadbHa (QYHKIS BTpAaT HE MOKa3ye OUIbII TOYHI
pe3yNbTaTH y 3aBJIaHHSIX Ha BiJIeO MOPIBHSAHO 3 QYHKIIEIO BTPAT, sika 0a3y€eThCsl Ha MiHIMI3aIlli
KPOCEHTpOIli, TOMy HOTPiOHO 3HAWTH I1HINMWA MIAXiA O BpaxoBYBaHHs 1H(opmarlii mpo

CKJIaJIH1 3pa3Ku B MPOIIEC] HABUAHHS HEUpOMEpexKI.

2.3 Mertoa npiopuTe3auii CKJIATHUX 3PA3KIB /151 HABYAHHS HEHPOHHUX MeEpex

3aranbHul miaxia 0a3yeTbes Ha 1/1€1 NOIIYKY CKIIaJIHMX HEraTUBHUX 3pa3kiB [122; 124],
sKa BiOMpae HaWCKIaAHIII 3pa3Ky JUIsl HABYAHHS MOJIEN, MPOTE MiAX1JI, SIKUM pO3pOoOIeHUN
B I[bOMY JIMCEPTaLIiTHOMY JOCIII)K€HH]1, IPONOHY€E BUKOPUCTOBYBATHU BIJICTaHb J0 KJIACTEPIB
JaHUX, K1 MOXXHa 3HAWTHU CrocoOOM, II0 HE BHMAara€e po3MITKH JAaHUX, 3aMICThb BII0OpY

3pa3KiB 3a PYHKIIIEIO BTPAT.
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[IpunyctuMo, 10 BIAOMOIO € KIIbKICTh KiacTepiB K y AaHUX, Ha sKi iX po30umia
HelipoMepexa. Toal MOXIMBO KJacTepu3yBaTH BCl AaHl B IIi K KiacTepiB 3a JIOMOMOTOI0
Metrony K-means. Ilicas mporo crae MoxJiMBUM 3aMiHUTH 1 3pa3kiB BUOIPKHU AaHUX, SIK1
3HAXOAATHCS HaMOMMKYe 10 IEHTPIB K KIIacTepiB, Ha 3pa3KH, 10 3HAXOASITHCS SKHAN 1A Bl
Hux. Takum yuHOM OyJI0O BUKOHAHO OBEPCEMIUTIHT CKJIAIHUX 3pa3kiB, sk 1y [122; 124], 1
3aMIHEHO HAWMPOCTIIII 3pa3Ky JJig HaBYaHHs, K y [122].

Ha piBHI niceB1OKO 1y 3aMporOHOBAaHMM MiAXia MOkHA copmyitoBatu sk Jlictunr 2.1.

Jlictunr 2.1. Metoa mpiopuTe3allii CKIagHUX 3pa3KiB Il HaBYAHHS HEHUPOHHOT

Mepexi

Inputs: the set of videos V = {V},V,, ...,V,}, the set of corresponding labels for
each video L = {L4,L,, ..., L,}, that together form the dataset D = {V, L}, the number of
training epochs Ey.qin, the number of Hard Samples T selected during each epoch,

pretrained model M.

For each epoch in Epqn:

1. Select the number of clusters K. // Fixed number or searched for each epoch
Cluster embeddings of data points from D to K clusters using K-means algorithm.

Select T samples with the shortest distance from stage 2.

2

3

4. Select T samples with the largest distance from stage 2.

5. Replace samples obtained in stage 3 with samples obtained in stage 4. // Oversampling
6

Train model M on dataset obtained in stage 5 for one epoch.

Outputs: finetuned on dataset D = {V, L} model M.

Bin mnouyuHaeTbcs 3 YITKO BU3HAYEHUX BXIJHUX MapameTpiB: HaOopy Bigeo V,
BIIMOBIAHOT PO3MITKHU BiJIe0 L, KUTBKOCTI €MOX TpeHYBaHHS Ej,;ip Ta KUTBKOCTI BUOpAHUX

3pa3kiB T miJ 9ac KOKHOT €MOXH.
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30BHIMIHIA IUKJI METOAY BUKOHYETHCS Eypqin pa3iB, 1€ Eppgin € (iKCOBaHUM
MO3UTUBHUM IIIUM 4uclioM. lle o3Hadae, MO MK 3aBEPIIUTHCS IMICISA 3a4aHOi KIJIBKOCTI
1Tepartii.

Jnst BUOOpy KUIBKOCTI KiacTepiB K peKOMEHI0BAHO BUKOPHCTOBYBATH METOJ| JIKTS,
3aMponoHOBAHOro B [126], skuii 3aCHOBaHMI Ha ITepaliiHOMY 3amycky merony K-means,
AKUUA 00Mpae Taky KUIbKICTh KJIACTEPIB MICHS SIKOi 3arajbHa BICTaHb MIK yCiMa 3pa3KamMu B
Ha0oOpl JaHMX 1 KJacTepaMH I[OYMHAE 3MEHIIYBATUCS HAJATO TMOBUIBHO TMOPIBHSIHO 3
MonepeHIMU 1TepaliaMu. 3ayBaXXKuMO, 110 1[I0 MPOLeaypy MOXHa €(pEeKTUBHO BUKOHATHU 3a
JIOTIOMOTOI0 TPIMKOBOTO MOIIYKY, 00 3MEHIIUTH 3arajbHEe HAaBAHTAXKCHHS HAa OOYMCIICHHS.
Merton nikts nependavae 3anyck Mmeroay K-means ais pizaux 3Hauenb K (Big 1 10 3agaHoro
Kinax, SIKUAM PIBHUM KUIBKOCTI Kateropit B HaOopi manux). Ockinbku K., € (piKCOBaHUM
YUCJIOM, KUTBKICTB 1Tepalii oOMexxeHa KIIbKICTIO iTepailiii Mmetoay JikTa R. Metony K-means
Mae BJIACTUBICTh 301)KHOCTI 3@ CKIHUEHHY KIJIBKICTb 1TEpalliii, 1o 3ade3neuye 00UMCIOBAHICTh
METOJTy JIIKTS 38 CKIHUEHHY KUJIbKICTh KPOKIB.

Ha npyromMy kpoili BAKOHYETHCS KJIacTEpHU3allisi BEKTOPIB 03HAK 3a JIOIMOMOTOI0 METOTY
K-means. Merong K-means 30iraetbcs 3a CKIHUEHHY KUIBKICTh 1T€palliid, OCKUJIbKU BIH a00
3HaXOJIUTh CTaOLIbHI LEHTPOiaU, abd0 JOocsira€e MAaKCUMaJIbHOTO YMCIa ITepaliil, 3aaaHoro
Hanepen. KuibkicTh knactepiB K, KUIBKICTh JaHUX N, KUIBKICTh 1Te€palliil [ Ta pO3MIPHICTh
BEKTOpIB JTaHUX d € (HiKCOBAaHWMH, IO TapPAHTY€E OOYUCITIOBAHICTH IIHOTO KPOKY.

Hani 3anpomoHoBaHui MeTon BuOupae T 3pa3kiB 3 HaWMEHIIOW 1 HANWOUIBIION
BIICTAHHIO JI0 MEeHTpoiniB kjactepiB. CopTyBaHHS BiACTaHe 1 BHOIp 3pa3KiB €
JIETEpPMIHOBAHUMU OTEPAIlisIMU 31 CKIHUEHHOIO KUTBKICTIO KPOKIB, IO 3aBXIHU 3aBEPIIY€EThCH,
ocKUTbKU T 1 KUIBKICTh JaHUX N € pikcoBaHUMHU. 3aMmiHa BUOpanux 3paskiB (Oversampling) €
npsiMoro onepaitiero 31 ckiaagHicTio O(T), sika 3aBxK AU 3aBEpUIYETHCS 32 CKIHUEHHY KUTBKICTh
KPOKIB, III0 TapaHTy€e OOUYKCIIOBAHICTh I[LOTO KPOKY.

OcTaHHIM KPOKOM KOJXKHOI ITepallii € HaB4YaHHsA MoOJeil Ha chopMOBaHOMY HaOoOpi

naHux. TpeHyBaHHS 3A1MCHIOEThCA 32 (DIKCOBaHY KUJIbKICTh KPOKIB, [0 0OMEXEHa KUIbKICTIO
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nanux n. Lleil mpouec 3aBXkIU 3aBEPUIYETHCS, OCKUIBKU KUIBKICTh KPOKIB TPEHYBaHHS €
CKIHYEHHOIO.

3arasibHa CKJIQJHICTh METOAY BKIIIOYA€E BCl OMUCaH1 KpOKU. Bubip KUIBKOCTI KJIacTepiB
MeTO0M JIKTs qoaa€e ckIagHicTh O(R - Kpq, - 1 - 1 - d). KnacTepusarttis micis Bubopy K mae
cknangHicTh O(Kjq -n-i-d). Bubip i 3amina 3paskiB momarote O(n-log,n+T), a
TpeHyBaHHs Mozeni monae O(n - M), ne M — ckiagHiCTh MOJEIl MAIIMHHOTO HaBYaHHS.
OckiIbKM BCl 11 KPOKH BHUKOHYIOTHCS Eppqin Pa3iB, 3arajbHa CKJIQJHICTh METONY €
O(Etrgin X (R Kpgx n-i-d + Kpgye n-i-d + n-logan+T + n)).

OcCKUIBKM BCl KpPOKM METOAY BHKOHYIOThCS 3a CKIHUEHHY KUIBKICTh 4acy 0e3
HECKIHYEHHUX MUKIIB a00 I1HIIUX MEpPelKoid, IO MePenIKoKaloTh HOro 3aBepIIeHHIO, TO
QITOPUTM, HABEJEHUH y JICTUHTY 2.1, 3aBkIu OyJe 3aBepIIyBaTUCA 32 CKIHUEHHY KIIbKICTb
KPOKIB 1 € 00UHCIIFOBAHHM.

Bapro 3a3HauuTH, IO 3TIJHO 3 €MMIIPUYHUMH CIIOCTEPEKEHHIMHU 4YHUCIO0 K MOKHA
BCTAHOBUTHU K KUIBKICTh KaTE€ropid y HaBYaJIbHOMY Ha0OpI1 JaHUX, sIKa € HAOIMKEHHSM J10

3arajibHOI KIJIBKOCTI KJIACTepiB y HAa0Op1 TaHUX.

2.4 ExcnepuMeHTAJIbHI JOCJTIIKEHHSI 3alpPONOHOBAHOIO MiAX0oAy A0 BHOOpY

CRJIAJHHUX 3pa3KiB

VYci eKkcriepuMeHTH MPOBOJUIUCA 3 BUKOpUCTaHHSAIM (ppeiimBopky MMAction2 [127] 1
nyOi4HOro peno3utopis Ais peanizanii Video Swin Transformer [66].

[lin yac HaBYaHHA OyJ0 CYBOpPO JOTPUMAHO MPOIEAYpPY HABUAHHS, 3aMpPOIOHOBAHY B
poboTi [66]. Moaens Oyia iHiIIali30BaHa 13 NONEPeIHO0 HABUCHUMU Baramu Jjisi HEMPOHHO1
Mepexi. Krnacudikarop OyB iHIIIaNi30BaHUNM BUIMAJKOBUMH BaraMd 3 HOPMaJIbHUM
pO3MOAITIOM 3 HYJIbOBUM cepeaHiM Ta BiaxwienHsm 0,01. Heliponna wmepexa Oyna
ONTUMI30BaHa 3a JONOMOrow ontumizamiiinoro meroxy AdamW [128] 3 mo4aTKoOBORO
wBKAKicTI0O HapuanHs (learning rate) 3-10% mms 30 emox, Bkmowarouw 2,5 emoxu (asu

posirpiBy. Ili1 yac HaBYaHHS BUKOPUCTOBYETHCSI PO3MIP BX1IHOTO HAOOpy AaHuX 64.
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BianoBigHo a0 [64], 3pocTarounii CTyMiHb CTOXaCTUYHOTO BIAKUAAHHS rauounu [129] 1
CTOXAaCTUYHOTO BiakuaaHHs Bar [130] BUKOPUCTOBYEThCS JIsl OLMbIIMX Mojenel, Tooto 0,1,
0,2, 0,3 croxactuunoi rauounau Ta 0,02, 0,02, 0,05 cToxacTUYHOTO BIAKUIAHHS Bar I Swin-
T, Swin-S 1 Swin-B BignosigHo. [Iporiec cToXacTUYHOTO BUKUAAHHS TITMOMHU HaBEACHO HA
pucyHky 2.5 [131].

1.0 0.9

active inactive

Pucynoxk 2.5 — IIpeacTaBineHHss OCHOBHUX KPOKIB CTOXaCTUYHOTO BIAKUAAHHS MuOuHU [131]

Crnityroud yCTaHOBJIGHUM MPAKTUKaM 3 [66] rpalieHTH IJis Bar 3 MONepeIHbO HABUEHOT
HEHPOHHOI Mepexi Oy moMHOXkeH1 Ha KoedimieHT 1/10, 10 miBHIIY€E TOYHICTS.

VY Bcix ekcrepuMeHTax BXIAHI JaHi s Mojeil (OpMYIOThCS HUISIXOM BUOIpKH 32-
KaJPOBOIO KJIIMY 3 KPOKOM 2 1 BXIJTHOIO PO3LILHOIO 3[aTHICTIO 224%224, 1110 MPU3BOIUTH J10
16x56%56 BXiAHUX TOKEHIB, 1 BAKOPUCTOBYBaIH MapameTp cemruitoBanusa 7= 0,17, To6To 10%
Bil po3mipy HaOopy nanux. Ilig dYac TpoAyKyBaHHS pe3yjabTaTiB HeEHpOMEpexi,
JOTPUMYIOYUCH MPOTOKOJIIB, 3aPOBaKeHUX y myOmikallii [65], OyJ0 BUKOPUCTAHO BIKHO
po3mipoM 4 X 3 nysi oOUYMCIIEHHSI OLIHKA POOOTH HEUPOHHOI MEpexkl Ha BIJIEO ILIIXOM
yCepeIHEHHs MPOTHO31B Il KOXHOTO BiKHA. Y I[bOMY HaJallITyBaHHI BiJIeO PIBHOMIPHO
PO3AUISIETHCS Ha 4 KIIIIH 32 YaCOBUM BUMIPOM, 1 JUIsl KOKHOTO KJIIIYy BUKOHY€EThCS Hapi3Ka Ha

3 YacTUHM 3a HAWIOBIIMM BUMIPOM, 10O MOBHICTIO OXOMUTHU BiA€O.
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VY tabaumi 2.1 npeacraBiaeHo MOPIBHAHHS MAX01B HAa Habopi ganux Kinetics-400 [57].

Tabnuns 2.1 — [MopiBHSHHA METOAIB aHami3y Bifeo Ha Habopi nanux Kinetics-400 (HS

= Hard Samples, FL = Focal loss, HM = Hard Negative mining)

Habip manux OOuuncnioBanibHa  KidbKiCTh
Top Top : :
Meron MONEPEIHHOTO CKJIQJIHICTb, rnapaMeTpiB
HaBYaHHS ) B GFLOPS , MUUIBIIOHU

MVFNet [110] - 72,0 90,0 75 61,8
13D [57] ImageNet-1K 72,1 90,3 108 25,0
NL I3D-101 [112] ImageNet-1K 77,7 93,3 359 61,8
SlowFast R101+NL [120] - 79,8 93,9 234 59,9
MViT-B, 64x3 [67] - 81,2 95,1 455 36,6
ViT-B-VTN [62] ImageNet-21K 78,6 93,7 4218 11,04
ViViT-L/16x2 320 [65] ImageNet-21K 81,3 94,7 3992 310,8
Swin-B [66] ImageNet-21K 82,7 95,5 282 88,1
Swin-L [66] ImageNet-21K 83,1 95,9 604 197,0
Swin-B + FL ImageNet-21K 82,8 95,5 282 88,1
Swin-L +FL ImageNet-21K 83,2 96,0 604 197,0
Swin-B + HM ImageNet-21K 82,3 95,0 282 88,1
Swin-L +HM ImageNet-21K 82,5 95,2 604 197,0
Swin-B + HS ImageNet-21K 83,5 96,0 282 88,1
(3anponoHoBaHuii)

Swin-L +HS ImageNet-21K 84,4 96,5 604 197,0
(3anponoHoBaHuii)

Sk mokazaHo, 3apONOHOBAHUM MiAX1]T 31 3MIHEHOIO MPOLETYPOI0 HaBYAHHS 301IbIIY€E

touHicte Top-1 Ha 1,3% T1a 0,8% mnga Swin-B 1 Swin-L BigmosimHo. KpiM Toro, sapto
p p p
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B1/I3HAYUTH, 110 MOJIEh SWin-B 3 y0CKOHATIEHOIO MPOLIeyPOI0 HaBYaHHS MepEeBEPIILye Swin-
L 3 kimacu4HUM migXoa0M 10 HaB4YaHHS HelpoHHUX Mepex (83,5% mpotu 83,1% TouyHOCTI
Top-1 BinnosiaHo st Swin-B). Le o3Hauae, mo niaxoau 10 TpeHYBaHHS MOJIeJiel Ha OCHOBI
METO/11B MAILIMHHOTO HABYAHHS BCE 11I€ BIIITPAIOTh BAXKJIMBY POJIb y HABYaHHI MOJienei Ha 0asi
apxitektypu Transformer. OtTpumaHi pe3yiabTaTH Y3TOUKYIOTBCS 3  pe3yJbTaTOM
JOCIIIKEHHS, TpeicTaBieHoro y myomikaiii [120].

3anponoHOBaHUI METOJ BHMArae IMOUIYKY KIIbKOCTI KIJIACTEpiB JAHUX Yy MPOCTOpI
BEJIUKOT PO3MIPHOCTI, 110 MOX€ OyTH OOYHCITIOBAIBLHO HEMOXKJIUBHUM JUJIsl JEAKUX 3a7ad 1
HaOopiB nanux. byyo npoBeneHo 10JaTKOBE JOCIII)KEHHS BIULIMBY HA TOYHICTh Kiacudikarii
MOJIEJUII0 MAIIMHHOTO HABYaHHS B1J BUOOPY KUIBKOCTI KJIACTEpiB, BCTAHOBUBIIU KUIbKICTh
kiactepiB 13 pikcoBanum uuciom 50%, 75%, 100%, 125% 1 150% no KiIbKOCTI KaTeropi y
HaOop1 ganux Kinetics-400. Kpim Toro, 0yiso ctBopeHo BiacHy miaMHOxkuHY Kinetics nuie 31
100 xareropisiMu JJi1 BUBYEHHS Ipoliecy BinOOpy Ha MEHIIMX Habopax naHux. PesynpTaTn
npejcTaBaeHi B Tabaui 2.2.

Tabnuns 2.2 — [lopiBHSIHHS BIUTMBY HapameTpa KUTbKOCTI KJIacTepiB B METOJIl BUOOPY

CKJIaJIHUX 3pa3KiB 3a MPIOPUTETOM Ha TOUHICTH Kiacudikaiii moaento Swin-B + HS

. TOP-1 nipu KUJIBKOCTI KJIACTEPIB
KinbkicTs kareropit (K)

0,5k 0,75K 1K 1,25K 1,5k Merox nikTs
100 85,3% 85,6% 85,5% 85,3% 84,8% 85,8%
400 83,2% 83,4% 83,4% 83,3% 83,0% 83,5%

Ak MoxHa No0auUTH, BCTAHOBJIEHHS KUIBKOCTI KJacTepiB 13 (DIKCOBAaHUM YHCIOM
MPU3BOAUTH A0 HE3HAYHOI'O MOTIPIIEHHS TOYHOCTI Kiacudikailii y HOPIBHSHHI 3 METOJ0M
JIKTS, 110 MOHA TOSICHUTH JOJATKOBOIO PaHJIOMI3alli€l0, CTBOPEHOIO 3MIHHOIO KUIBKICTIO

KHaCTepiB, sIKa 3MIHIOETHCS BiI[ CIIOXH OO0 CIIOXH. Takum YUHOM, MOXHa PCKOMCHIYBATHU
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BCTAHOBUTH KUTBKICTh KJIACTEPIB HA (PIKCOBAHY KUIbKICTh KaTETOPiH, siKa JOPIBHIOE KITBKOCTI1
KaTeropi y Habopi IaHuX, SAKIIO0 METOJI JIIKTSI HE3aCTOCOBHUM /10 IEBHOTO HAOOPY JTaHUX.

3anpornoHOBaHUN METOJI BUMAara€ BCTAaHOBUTHU KIJIBKICTh 300pa)KeHb 3 HAOOpY JaHUX,
Akl OyayTh BUAQJIEHI Ta 3aMIHEH1 CKJIAJIHUMH €K3EMIUIIpaMH. bylno BHBUYEHO BaXKIMBICTh
BUJIAJICHHS MPOCTUX EK3EMIUISAPIB 1 BIUIMB PI3HUX MPOMOPIINA OBEPCEMIUIIHTA CKIIATHUX
€K3EMILIAPIB Ha pe3yJIbTaTU MOJIEJIEH Ha OCHOBI METO/IIB MAIlIMHHOTO HaBYaHHA. Pe3ynbratu
TOCHIKEHHST TIpeicTaBieH] B Tabmui 2.3. Sk MokHa moOaYMTH, OBEPCEMIUIIHT CKIagHUX
€K3eMIUIApIB 0€3 BUJAJIEHHA MNPOCTUX MPU3BOAUTH [0 3HIKEHHS TOYHOCTI HaBYEHUX
HEUPOHHUX MEPEXK, a OTKE MIAKPECTIOE BAXIUBICTh 3aMIHU TPOCTHX EK3EMILISAPIB
CKJIaJIHUMH.

Tabnuns 2.3 — [lopiBHSAHHS pI3HUX CTpaATErid OBEPCEMIUIIHTA Ta BUAAICHHS CKIATHUX

HETaTUBHUX 3pa3KiB Ha TOYHICTH MOHCHCﬁ MAIlTMHHOT'O HaBYaHH:A

Biacotok oBepcemIinra BiacoTok BuaneHux mpocTux TouHicTh
CKJIQJTHUX 3pa3KiB 3pa3KiB Top-1
0% 0% 82,7%
10% 0% 83,3%
0% 10% 82,5%
10% 10% 83,5%
20% 10% 83,3%
20% 20% 83,5%

2.5 BucHoBKH 10 po3aiiay

B nanomy po3aini mpencTaBiI€HO HOBUM METOJ] HaBYaHHS MOJENEH MallMHHOTO
HaBYaHHS, SIKUM BUKOPUCTOBYE MPIOPUTE3AIII0 CKIATHUX €K3EMIUISIPIB JaHUX i1 HABUAHHS
HEUPOHHUX MEpEX, 10 NPU3BOJAUTH JI0 MIJABUILECHHS TOYHOCTI MOJENl, Ta HE BUMArae
JTOAATKOBOI PO3MITKH. 3alpOINOHOBAaHUM METOJ OINHPAETHCS HAa BIJCTaHb MK BUBUYECHHMU

I_[CHTpO'l'I[aMI/I KHaCTepiB Ta KOXHOI TOYKOI AJAaHHUX I BI/I60py THUX JAaHHUX, SIK1 3HaXO04AThCA
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Hallanpile BiJl UEHTPIB, 1[0 MPU3BOAUTH A0 BHOOPY OUIBII CKJIATHIMIUX TOUYOK JAHUX 1
MOKpAIIy€e TOYHICTh MOJIEJII B IOPIBHSHHI 3 ICHYIOUMMU aHAJOTaMHU.

OCKUIBKH BIJICTaHb MK KOKHUM €K3EMIUISIPOM Ta LIEHTPAMU KJIACTEPIB MOXKHA 3HAUTH
croco0oM, 110 HEe BUMArae po3MIiTKH, TO 1€ YCYBA€ 3aJI€XKHICTh BiJl IKOCT1 PO3MITKU JaHUX MiJ
yac mpoliecy Biidopy, a 0TKe MOro MoKHa 3aCTOCOBYBATH Ha 3alllyMJICHHMX HaOoOpax JaHHUX.
Bigibpani TakuM 4YMHOM CKJIaJHI €K3EMIUIApU IiJI 4aCc HABUYaHHS MIAAAIOTHCS MOpoLeaypi
OBEPCEIUIIHTY, II0 JOTIOMAarae MoJies MIJBULIUTH SIKICTh HA 3a/1a4ax po3IMi3HABaHHS HA B1JIEO.
3aBIKM BIPOBAKEHHIO 3aPONOHOBAHOTO MIAX0/y B IPOLIEC HABYAHHS i1 HEUpOMepex Ha
0a3i apxitektypu Video Swin Transformer Oyno oTpumaHO MiABUIIEHHS TOYHOCTI HA 3ajadi
posmizHaBaHHSA 11K Ha Bijeo Ha Kinetics-400 (Tounicts 84,4% tom-1196,5% Tom-5 TOYHOCTI),
110 JIa€ BUIIY TOYHICTIO Y MOPIBHSIHHI 3 OPUTIHAIBHUM M1IX0JI0M 10 HaBYaHHsS Video Swin
Transformer.

Hageneni y po3aini pe3ysbrat Oyiu omy0ikoBaHi B myOmikaiii [123] Ta npe3eHToBaH1

Ha MikHapoHi koHpepeniii Intelligent Systems Conference 2022 (IntelliSys 2022).
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3 ITEPATUBHUH METO/J BUBOPY KJIIOYOBUX
KAJIPIB HA 1OBI'MX BIJIEO

3.1 IlocraHoBKa 3aa4i BHOOPY KJIIOYOBHMX KA/APIB /I y3arajibHEeHHs Bileo

VY3aranbHeHHs 3MICTy BIJIO € OJHIE€I0 3 KIIOUOBHX 3a/Ja4 KOMII IOTEPHOIO 30pYy,
OCKUIbKHM Tependayae CTBOPEHHsI CKOPOYEHOI Bepcii BiJieo, Aka (PiKCye HAWBaXKIUBINLY Ta

HalipeneBaHTHiy iHpopmarito. [Tpoiec 306paxkeHo Ha pucyHKy 3.1.

Frames Fq, Fz, F3, ..., Fy

Summarized Frames Sy, Sp, 53, ..., Sy, where M << N

Pucynok 3.1 — IIponec y3aranbHeHHs 3MICTY BIJ€O:

N kaapiB y BiJieo y3araiabHIOIOThCS 10 M KaapiB

€ nexuIbKa MPUYUH YOMY 3aJaya y3arajdbHEHHS 3MICTY BIJIEO € BaXKJIMBOK y cdepi
KOMII toTepHOTO 30py. [lo-niepie, 3 eKCroHEHIIaIbHUM 3pOCTAHHSIM B1JICOJAHUX, TOCTYITHUX

B Mepexi I[utepner [132], mioasiMm cTae Bce Baku€ BIJICTEKYBaTH BCl BiJI€O, SIKI BOHU
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nepersiAaoTh a00 MIyKalTh 715 neperiisany. PesromyBanHs Bifieo 3a0e31euye BUPIICHHS L€l
po0JieMH, TO3BOJIAIOYN KOPUCTYyBayaM OTPUMATH MBUIKHUM 1 CTUCIUN OTJISA B1/I€O, 10 MOXKE
JOTIOMOTTH iM BU3HAYUTH 4 OyJyTh BOHHU MeperisiaaTd moBHE Bijeo uu Hi. [lo-apyre,
y3arajJlbHeHHS 3MICTY BIJI€0 MOKE MiJABUIIUTU €()DEKTUBHICTh MONTYKOBUX CHUCTEM JJIsl BiJI€O.
CTBOpIOIOYM KOPOTKMH BHUKJIAJ BIJ€O, IOLIYKOBI CHUCTEMU MOXKYTh Kpalle 3iCTaBIsATH
MOIIYKOBI 3alUTH 3 PEJIEBAHTHUM BMICTOM Ha BiJIEO, CTBOPIOIOYM OUIbII 3PY4YHY JUIsS
kopuctyBauiB pobory [133]. Ilo-TpeTe, y3araabHEHHS 3MICTY BIJIEO MOXKE IiJIBUIIUTH
JOCTYMHICTh BIJICOKOHTEHTY JJIS JI0/IeH 3 00MeKEHUMH MOKIUBOCTSIMU. Hanpuknaz, moau 3
MOPYILICHHSIMHU CIYyXy MOXYTh BUKOPHUCTOBYBATH MiJICYMOK BiJi€0, 100 OTpUMATH MUCHMOBE
pe3roMe ayJIioBMICTY Bijieo. HapennTi, y3aragpHEeHHS 3MICTY BIJIEO Ma€ YUCIEHHI MPAKTUYHI
3aCTOCYBaHHS, HalpPHKIa] BIJIEOCIOCTEPEXKEHHSA. Y LIbOMY KOHTEKCTI 1€ MOXE JIONOMOITH
CHIBpOOITHHKAM CIYy>KOM O€3MeKH IMIBHJIKO I1JeHTU(]IKYBaTH Ta aHali3yBaTH MI1A03pLIY
MISUIBHICTE HA BEJIMKUX 00’ €Max B1ACOJaHUX.

3arajioM y3arajJbHEHHS 3MICTY BiJIEO € BOKJIMBUM 3aBJIaHHAM Yy cdepl KOMIT IOTEPHOTO
30pY, OCKUIBKM BOHO MOK€ JIOIIOMOI'TH JIFOJIIM OTPUMATH JOCTYII 10 B1IEOBMICTY, 3pO3yMITH
HOro Ta BUKOPUCTOBYBATH HOTO OUIbIN 3py4HUM 1 edexTuBHUM criocoOoM. Ha momaTtok 1o
nepeBar, 3ralaHux BHILE, y3araJlbHEHHS 3MICTY B1J€O Mae€ MOTEHLIaJd PEBOJIIOLIIOHI3yBaTH
Croci0 CIOXUBaHHS Ta B3aemojii 3 BimeoBmicToM [132]. Hanpuknaz, y3araaibHEHHS 3MICTY
Bi/ICO MOKHA BUKOPHUCTOBYBATH JIJIsi CTBOPEHHS MEPCOHATI30BaHUX Bijieo a00 MiJICYMKIB Ha
OCHOBI 1HJIUBIAYyaJIbHUX IHTEpeciB a00 BHoaoOaHb. lle MoXe J03BOJIUTH JIOJSAM JIUBUTHUCS
JUIIe HAOUIbII pesieBaHTHI Ta I[IKaBl YaCTUHU BIJEO 3aMICTh TOTO, 1100 MeperisjgaTu Bce
Bizeo [133]. Y3aranbHeHHS 3MICTY BiZI€O TAKOK MOKHA BUKOPUCTOBYBATH JJIsl aBBTOMATHYHOTO
CTBOPEHHS CyOTUTPIB IS B1/I€O, 110 MOXKE 3pOOUTH IX JOCTYIHIMIUMHU JIsl ITUPOKOT ayUTOPIi.
[le 0co6nKBO BaXKIUBO IS JIFOJIEH 13 BaJlaMH CIIyXY, a TAKOXK JJIS JIFOJEH, sIKi BUBUAIOTh HOBY
MOBY Ta XOYYyTh BJIOCKOHAJIUTH CBOi HAaBUYKHU CIyXaHHS Ta po3yMiHHs. Kpim ToroO,
y3arajJibHEHHSI 3MICTY BIJI€0 MOKHA BUKOPUCTOBYBATH JJii CTBOPEHHS BIJ€OKOHCIIEKTIB 3

HAaB4YaJbHOIO MCTOIO. Hanpmcnaz[, BUUTEN1 MOXYTb BHKOPUCTOBYBATH HiI[BCI[GHHfI
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y3arajlbHeHHSI 3MICTY BiJI€O, 11100 CTBOPIOBATH KOPOTIII, OLIbII KOHIEHTPOBAHI 3a 3MICTOM
B1JICOPOJIMKH, SIK1 OXOIUTIOIOTh KOHKPETHI TEMH YU MOHATTS, 1[0 MOXKE OyTH OLIbII 3pyYHUM
s yuHiB. [ToTeHIiiiHe 3aCTOCYBaHHs y3araJlbHEHHsI 3MICTY BiZI€O BEJIMYE3HE, 1 B Mipy TOTO,
K TEXHOJIOTiSl MPOJOBKY€E PO3BUBATHUCS, ILJIKOM WMOBIPHO, IO CYCHIILCTBO MOOAYUTH 1€
OUTBII 1IHHOBAILIIITHE BUKOPUCTAHHS LILOTO THCTPYMEHTY B 00JIaCTi KOMIT FOTEPHOTO 30PY.

3riIHO 3 HEIIOJABHIM JOCHIPKEHHSIM Jiteparypu [132] OuIblIicTh MIAXOMIB [0
y3arajqibHEeHHsI 3MICTYy Bijieo BUKOpucTOBYIOTH RNN [134], LSTM [135], GRU [136] abo
BeMiBieT-nepeTBopeHHs [137] nns MojentoBaHHS YacCOBUX 3aJI€KHOCTEH 1 MPOTrHO3YBaHHS
BAKJIMBOCTI KaJpiB y Bigeo. OJHaK Il MIAXOAU MOKa3ajlud ciIabKl CTOPOHHU, NMOB’s3aHl 3
MO/IEJIFOBAHHSIM JOBIUX IMOCIIAOBHOCTEN 1 3BOPOTHOTO nomupeHHs curHaiis. [1lo0 ycynyTu
11 oOMexxeHHsl, ekl poootu [138-140] 3anpornonyBaiy BUKOPUCTOBYBAaTH MEXaHI3MH yBaru
IUTSL MOJIEITFOBAHHS YaCOBUX 3JIEKHOCTEM, 1110 3MEHIIY€ MMOBIPHICTh 3aTyxaHHs ab0 BUOyXy
rpaaieHTiB. Kpim toro, pobotu [141-142] BAocKOHAIMIN I MIAXOAHM IIJISIXOM MOJETIOBAHHS
YaCOBUX 3aJIEKHOCTEN Ha PI3HUX PIBHIX TPaHyJISIPHOCTI. [CHYIOUI pillleHHs 7 y3araJbHEeHHS
3MICTY BiJieo OyJid po3p00JieH] A1 BUPIIIEHHS MPOOJIeM JJisi KOHKPETHUX HAOOPIB TaHUX, K1
MICTSITh KOPOTKI MocaioBHOCTI. OIHAK peasibH1 B1ICOPOJIMKHU, TaKl SIK BiJie0 HA TiaTdhopmax
YouTube abo Facebook, sk mpaBuio, MarwTh CEepeIHIO TPUBAIICTb, SKa BHUMIPIOETHCS
necaTkaMu XBWIMH [144], mo yckiaaHio€e 3acTocyBaHHs nuX miaxoAiB. [lo6 BupimuTu 110
npoOJieMy, TOCTITHUKY, K MPAaBUIO, aHATI3YIOTh JIOBI1 MOCHIJOBHOCTI 3 MaJIOI0 4acCTOTOIO
kaapiB [145] abo poOisTh YMCIEHHI 3amyCKU PIlIEeHb HAa YacTHHAX BIJIEO, IO MOXYTh
nepekpuBatucs [146]. OnHak 11 NiAXOAN MaIOTh CYTTEBI OOMEXEHHSI, BKJIIOUAIOYM HETOYHE
nependayeHHs: MEX y3araJlbHEHHs, BTPAaTy KOHTEKCTY, 3Ha4HI OOYMCIIOBaJIbHI BUTpaTH Ta
MOTIPIICHHS TPOTYKTUBHOCTI HA IOBTUX MOCII1IOBHOCTSIX.

OTxe, OJHUM 3 3aBJIaHb JAHOTO JTOCTIIPKEHHS € 3MEHIIIEHHS 00CATY JaHUX JIsl 00pOOKH,
CKODOYEHHSI 4Yacy aHajildy JaHuX Ta IMIJBUIINEHHS TOYHOCTI OOpOOKHM BiJICOJAHUX MJIS
y3arajbHeHHS 3MICTY B1JI€0 32 PaXyHOK 3HAaXOPKEHHS KIIFOYOBUX KaJIpiB HA IOBTUX BIJIE0, 1110

3a0e3reuye TOYHE BUJUICHHS 1H(GOPMATUBHUX CETMEHTIB BiJIc0O 3 MiHIMaJIbHUMU
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oOuncmoBanbHUMHU  BUTpaTtamu. Came ToMy OyJn0o 3ampolOHOBAaHO BHKOPUCTAHHS
ITEpaTUBHOTO METOAY A0 BHUOOPY KIIOYOBUX KaJpiB HA JOBTUX BIJIEO MJISI JOCSTHEHHS
M1JIBUIIIEHHS TOYHOCTI pO3Mi3HaBaHHsI JUIs 3a1a4l y3araJbHEHHS 3MICTY BiZI€0, PO3POOKY SIKOTO
MPECTABICHO Y I[bOMY PO3/ii,.

3anpornoHoBaHu MeToA Oyio mepeBipeHo Ha Habopax gaHux TVSum [147] 1 SumMe
[148], 1m0 mokasano HaBUILY TOYHICTh Ha IIUX Habopax gaHux — 56,2% (+0,6%) 1 63,1%
(+0,5%) BignoBigHo. Takuil miaxia NiABUILY€E €(PEKTUBHICT y3aralbHEHHS 3MICTY BIJIEO IS
peaIbHUX 3aCTOCYHKIB, SIK1 MPaIiooTh 3 Bigeo 3 margopm YouTube a6o Facebook, ne nosri
KJINHU € TMOIIUPEeHUMHU. Pe3ynpTatu 1aHOro JOCHIIKEHHS 0yJIo OMyOJIIKOBAHO Y HAYKOBOMY
BuaanHHi [ 149] Ta npe3eHToBaHO Ha Mi>kKHapoAH1M KoH(pepeHiii Advances in Artificial Systems
for Logistics Engineering I1I (ICAILE 2023).

VY HacTymHUX po3Aiiax pO3MISHYTO MiAXOAU KOMIT FOTEPHOTO 30pY ISl y3araabHEHHS
3MICTY BiJI€0, OTMCAHO UMM 3alPONOHOBAHUM 1T€PATUBHUN METO/ BIAPI3HAETHCS BIJ HUX, Jail
HaBEJCHO OMHUC METOJy MO KpOKax, MICHsA I[bOTO OMNHCaHl E€KCIepUMEHTalIbHI YMOBH Ta

HaBeJICH1 Pe3yIbTaTH EKCIIEPUMEHTAIBHOTO AOCIIIKEHb, 3p00JIE€HI BUCHOBKH.

3.2 Meroau KoMII’IOTEPHOI0 30pYy AJIf y3arajbHeHHs 3MiCTy Bigeo

binpmicte nonepeaHix poOIT 3 y3aralbHEHHS 3MICTY BIJIEO BUKOPHUCTOBYIOTH BJIAcCHY
€BPUCTUKY JUIsi HaBUaHHS Oe3 yuutens. BuOuparounm penpe3eHTaTUBHI Kajapu IS
y3arajibHeHHSI, BOHU BUKOPUCTOBYIOTh OLIIHKY BaXJIMBOCTI Kajpa JiJIsl TOro, o0 BU3HAYUTH,
K1 KaJpu € BaxiauBUMH abo pemnpeseHtatuBHuMU [150]. Lli poOGOTH BUKOPUCTOBYIOTH
HaBYaJIbHI JIaHI1, SIKI CKJIAJAI0ThCS 31 CTBOPEHOI JIIOAMHOIO PO3MITKOIO JJis KIimiB. OCKIUIbKU
BOHU MOXYTh HESIBHO 3aCBOIOBATM CEMAHTU4YHI 3HAHHS BHUCOKOrO PIBHS, SKi
BUKOPHUCTOBYIOTHCS JIIOJIbMU JJIsl CTBOPEHHSI PO3MITKH JIJIsl y3arajlbHEHHS 3MICTY Bifl€0, TO IIi
M1JIXOH IO HABYAHHS 3 YUYUTEJIEM YacTO MEPEBEPIIYIOTh PaHHI POOOTH, 1110 BUKOPUCTOBYBATIU

nigxoau 6e3 yuurens [150].
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Metoau rnub6okoro HaBuaHHs [61; 138-143; 151-158] HemonaBHO cTany NOMyJISPHUMU
JUIsl y3arajdbHEeHHS 3MICTY BiJI€O, MOJIENIOI0YM YaCOBY 3aJIEXKHICTh 3MIHHOTO J1ala3oHy MIXK
KaJjpaMl Ta HABUAIOYHUCh MPU3HAYATH MPIOPUTET KajgpaM Ha OCHOB1 po3MITKH. JJig 1bOoro
BukopucToBytoTh CNN Mepexi [143] a6o RNN [151-153]. Ix izes nonsrae B ToMy, 106 6ibI
e(hexTuBHO (hiKCyBaTH JOBrOCTPOKOBI 3aJI€KHOCTI MK B1JIEOKaAPAMU, IO € BAXKIUBUMHU IS
PO3pOOKHK 3MICTOBHUX MIJICYMKIB. SIK moka3zaHo y po0oTi [151], us 3anexHicTh MOxke OyTu
3MO/JIebOBaHa 3a J0rmoMoror 1Box LSTM 3a paxyHoOk po3risay 3aiadl y3aralbHEHHS 3MICTY
BIJIEO SIK 3a/1a4l CTPYKTYPOBAHOT'O IPOTHO3YBaHHS Ha MOCIIJOBHUX JIaHUX.

[H11  MOCHIKeHHST HaMaralroThCs BHUPIIIMTH TPoOJIeMH 3 OOMEXKEHOI IIaM’ SITTIO
pekypentHux Mepexx (RNN) ans mojentoBaHHS JIOBTMX MOCHIJOBHOCTEH IUISIXOM
BUKOPHUCTaHHS a00 30BHINIHBOI mam’sTi [153], abo iepapXxiuHOro KOMOIHYBaHHS JIEKIITBKOX
LSTM Ha pi3nux piBHax nam’4ati [154]. ¥V poGoti [155] Oyno 3anponoHoBaHO BOY/IOBYBaTH
MexaHi3M yBaru Ha ocHOBI LSTM mjist Mo/ieNtoBaHHSI YaCOBUX 3aJIEKHOCTEH 1 (hopMyBaHHS
HOBHUX YSIBJI€HbD, SIK1 JI03BOJISIIOTH MPOTHO3YBATU JOCTATHLO TOYHE y3arajabHEHHS 3MICTY BiJI€O.
VYV nyOmikamii [156] mpoOnema y3araJibHEHHS 3MICTY BIiJI€O pO3TJAaiach sIK 3aBIaHHS
MOCHIJOBHOTO HaBYaHHS Ta OyJia 3ampoOIlOHOBAaHA IHTETpallis MEXaHI3My yBaru B MEpPEKY
eHkoJiepa-aekogepa Ha ocHoBI LSTM. lleit MexaHi3M oTpuMye BUXIJHI JJaHI €HKOJEpa Ta
nonepeHid MPUXOBAHUN CTaH JAEKOJepa Ta OOYHMCIIIOE BEKTOP 13 3HAYEHHSMH yBaru, L0
3roJI0M BILJIMBA€E HA MPOLIEC IEKOyBaHHS BiA€O.

Kpim Toro aekiapka METOIB CIpsIMOBaH1 Ha MOJICTIOBAHHS 3aJIE)KHOCTEH MIXK KaJpaMH,
10 BUKOPUCTOBYIOTh Bapiallii MexaHi3My yBaru, Oyiu 3HaiaeHi B Transformer Networks [61].
[lepumit meron, onmyoOnikoBanuit y [138], moeanye B co0i MexaHi3M yBaru 3 JABOIIAPOBOIO
MOBHICTIO 3B’S3aHOI0 MEPEXKEI Mg perpecii BaxkIMBOCTI Kaapy. Y poboti [139]
BUKOPHUCTOBYIOTh 1€papX14HUM MiIX1d, CIOYATKy BU3HAYAOUYH MOTEHIIIMHI KJIIFOYOB1 KaJpH Ha
PiBHI KaJpiB HE3aJEKHO OJUH BijJ] OJHOTO, a TOTIM BUKOPHUCTOBYIOUH MYJIHTUTOJIOBY MOJIENb
yBaru, mo0 OIIHUTH IXHIO BaXKJIMBICTh 1 BUOPATH KIIFOYOBI KaJIpu ISl y3araJibHEHHS 3MICTY

BiZeo. ABTopu mnyoOmikamii [157] BIOCKOHANIOIOTH HaBYAJIbHUW METOJA CTaHAAPTHOTO
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MEXaHI3My yBaru LUISXOM BKJIIOYEHHS €Tally, sSIKHi 30UIbIIy€e PI3HOMAaHITHICTh BI3yaJlbHOIO
BMICTY B y3araJbHEHHI Ha BiJI€0, BUKOPHCTOBYIOUN OOYMCIIEHI 3HAYEHHS YBaru Ta JIIOJCHKI
po3MiTku. Y poOoTi [158] mpencraBunm Bapiatito meroay 3 [138], sika BKIIIO4ae 40/1aTKOBI
MPEJCTABICHHS 3MICTY BiJI€0, BKJIIOYAIOUM BEKTOPHI pernpe3eHTallii Ha ocHoBI CNN i3 piBHS
pool5 GoogleNet [159], naBuenoro Ha Habopi ImageNet, 1 MoOB’s3aH1 3aMiHOIO 3TOPTKU Ha
Inflated 3D ConvNet [57], mo TpeHyBanucsa Ha HaOopi nanux Kinetics. 1li BexTopHI
penpes3eHTalli BBOJATHCA B MEXAHI3MHU YBaru, a BUXIJHI JaHi 00 €JHYIOThCS, 100 YTBOPUTHU
3arajJibHUil  OpocTip I  TpeACTaBlIeHHs KaapiB Bigeo. Hapemri, mnpenacraBieHHs
BUKOPUCTOBYETHCS I BUBHAUYEHHSI UMOBIPHOCTI TOTO, 10 Kaap kitouoBuid. Monens PGL-
SUM [160], sika TICHO MOB’A3aHa 3 ICHYIOUMMH TIJXOJaMH Ha OCHOBI yBaru, (Qikcye
3QJIKHICTh KaJpy Ha PI3HUX PIBHAX JIeTali3allli 3a JOMOMOIO0 I100albHUX Ta JOKaJIbHUX
MYJIbTHUTOJIOBUX ME€XaH13MiB yBaru. Kpim Toro, Ha BIAMIHY BiJ] iHIIMX METO/IB, K1 ITHOPYIOTh
MOCHIAOBHY Tipupoay Bineo, moaenb PGL-SUM [160] Bkitouae yacoBy iH(poOpMaliio Mpo
MOPSAKOBHUI HOMEP KaJpy B BIF€O, SKUW € OJHUM 3 KIIFOYOBUX (PAKTOPIB B OI[IHIII BAXKJIMBOCTI
Kazpy.

Jeski TOCTITHUKU PO3pOOIIN apXITEKTYPHI PIICHHS JIJIsl y3araJlbHEHHS 3MICTY BiJI€O,
Takl SK MiAXiJA Ha OCHOBI KJacTtepuzalli, npeacraBienuil y [161]. ¥V il poboti miaxin
1EpapXx14HOi KJIacTepu3alii Ha OCHOBI rpagiB BUKOPHUCTOBYETHCS I y3araJbHEHHs 3MICTY
BiJIEO IUIAXOM BUOOpY KIIOUOBUX KaJpiB ISl MpENCTaBieHHs BMICTYy Bigeo. Kapra Baris
CTBOPIOETHCS 3 Tpada moaibHOCTI KaapiB, 1 KjacTepu abo MOB’s3aHI KOMIOHEHTU Tpada
MOXKYTb OYTH JIETKO BHUBEJIECHI Ha MIHIMAJIbBHOMY OCTOBHOMY JI€PEBI1 KaJpiB 3 KapTOIO Bar Ha
OCHOBI 1€papX1YHMUX LIKAJ CTIOCTEPEKEHHSI, O0YUCIECHUX HaJl IIUM JE€PEBOM.

Haii6nmxyoro nonepe1Hpor0 poOOTOI0 A0 3aPONOHOBAHOIO Y IbOMY JUCEPTALIHHOMY
JOCHIPKEHHI METOJly € METOJ 4YacoBOi cerMmeHTauii guctuiaboBaHoro sapa (D-KTS),
npeacTtaBieHnit 'y po6oti [162]. D-KTS Bu3zHauae Mexi Jyisi y3arajJibHEHHS 3MICTY BIJ€O

IUISIXOM YacOBOi JIOKaJi3allii I0Brux Bijeo. JlaHui mpoiec HaBeeHO Ha pUcyHky 3.2 [162].
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Input video (class: Working on a sewing project)

KTS segments

Per-segment classification scores —| ‘ '

Maxima

Output
summary

Pucynok 3.2 — IIpeacTtaBieHHS OCHOBHUX KPOKIB METO/Iy YACOBO1 CErMEHTAIlil Ha OCHOBI

sanapa (KTS) nns y3aransHeHHS 3MiICTy Bijeo [162]

Ichytoui pimieHHs 175 y3araibHeHHs 3MicTy Bifeo Ha 0a3i KTS [141; 160-164] 3a3Buyait
JOTPUMYIOTHCSI 3arajibHOI MapajurMyd BUKOPUCTAHHS JABOX MOAYJIB JJisi OOpOOKM JOBTHX
MIOCJI1IOBHOCTEMN: MOJYJIsI IOTIEPEHBOT 0OPOOKH B1A€O Ta MOAYJIS y3aralbHEHHS 3MICTY BiJI€O.
Onnak iXH1 MOyl TOTIEPEAHBOT OOPOOKHM MOKIIAAI0THCS Ha MIJIX1] 13 3TOPTKOIO JI1 4acoBOT
cermenTaiii (KTS) [163; 164]. BiH BUKOHY€ 4acOBY CETMEHTAIlII0 Ha OCHOBI sifipa 3rOPTKH,
[0 aBTOMATHUYHO OOUpa€e KIIbKICTh cerMeHTiB. [loTiM knacudikarop Ha 6a3i Mmerogqy SVM
M1JIPaXOBY€ BAXKJIMBOCTI JJI1 KOKHOT'O CETMEHTY, BUXO/SIYM 3 Bar, HABYCHUX HA MOMEPETHHO
po3MiueHoMmy HabOopi nmanux. Hanpukinmi, miaxin KTS ¢opmye miacymkoBe Bineo, sike
CKJIQJIA€ThCS 13 CETMEHTIB 13 HAUBUIIIMMU MTPOTHO30BAHUMHU OI[IHKAMU Ba>KJIUBOCTI.

['onoBuum Henonikom KTS € BuTpatu uvacy ajis oOpoOKH JOBrUX Bifieo (IPUOIU3HO
68% BIJ 3araJbHOrO Yacy oOpOOKM BUTPAYAETHCS HA MOMEPEIHI0 0OOPOOKY BiJI€0), OCKIIBKH
O00UYHCITIOIOTHCS TUCTIEPCii KOKHOTO IHTEPBAy Ta 3aCTOCOBYETHCS TMHAMIYHE MPOTPaMyBaHHS
11 06UMCIIEHHS MeX cerMeHTiB. OGuncoBanbaa cknagaicTs Metoay KTS cranosuts O(n?),

7€ 1 — KIIBKICTh KaJIpIB Y BiJI€O, OCKUJIBKU MOTPIOHO PO3TJISIHYTH BCi MOXKJIMBI 1HTEpPBAJIU Ta
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OTpUMAaTH TOYHI MEXI, 1[0 CTa€ BY3bKUM MicCIieM JJis 0O0poOKHu n0oBrux Bijneo. s podbotu 3
10-XBUIMHHHUM Bi71€0 TTOTPIOHO OUIBIINE HIK 8 TOAWH OOYUCIICHDb MPU BUKOPUCTaHHI 0a30BOT0O
nigxoxy KTS.

Astopu myOmikanii [162] npeacraBunu miaxin D-KTS na ocHoBi metony KTS, skuit
BUKOPHUCTOBY€E aJanTUBHUNU BUOip KaapiB Ha ocHOBI xemryBaHHsa (HAFS) nns nmonepeannoi
o0poOKM KajApiB, MIABUIIYIOYM MPOAYKTHUBHICTh IXHBOTO pimieHHs. 1100 3MeHmuTH
CKJIaJIHICTh OOYUCIIEHHS O3HAK, BOHU 3alpONOHYBaIU JJIS MEPUIOTO KaJIpy 3alucyBaTH MOTo
pernpe3eHTallo y BUMIIAII Xell-BeKkTopy yepes d-xem [165]. [ToTiM 06UnCIIIOBaTH XEUI-BEKTOP
JUTSL KO)KHOTO HACTYIHOTO KaJipy Ta poOUTH MOPIBHSHHA 3 3allMCAHUMH BEKTOpaMu. SIKIO
BiJICTaHh XEeMMiHTa OLIbIIIa 3a MOPOrOBE 3HAYEHHS, BOHH 3aMIHIOIOTH 3aIIUC TMTOTOYHUM XeIll-
BEKTOPOM 1 BUTATAIOTh BEKTOP PENpEe3CHTALI yepe3 HEMpOHHY Mepexy. B 1HIoMy Bunaaky
BOHU MOBTOPIOIOTh BEKTOp pempe3eHTalllil kaapy 06e3 oOpaxyHKy Ha MOoTo4HoMmy Kazapi. Ha
pucyHky 3.3 [162] mpeacrtasneno Bizyanizanito miaxony D-KTS 3 mexanizsmMom agantuBHOTO
BHOOpPY kaapiB Ha ocHOBI xemry HAFS. 3a nonomoroto Bukopuctanus D-KTS 1 HAFS aBropu
JOCSTIIM HaWKpallux pe3yiabTariB Ha HabOopax npanux TvSum 1 SumMe 3a ymoBu

BUKOPHUCTAHHS BUCOKOI YaCTOTH KaJIpiB.

|
Video Data Baseline N | ¢
|

. I

. ' KTS Shot Distribution-based DSNet J I

QE-[QE = Distribution [ KTS ]‘—> P :
I

ﬁ || DRDSN | ivs
= I I Methods

4 [ 0 T :
Hash-based ) I

Adaptive Feature \C:> | | ) ! ‘ SUM-FCN ) :

Frame  Extraction [ ‘ | | | I ] ! - |

Selection B : ﬂ |

Input Video Frames [ ] | | | l ] | Summary b |

— I Generation J |

Feature Vectors [ I

________ |

Preprocessing Model Inference

Pucynoxk 3.3 — IIpeacraBnenHs ocHOBHUX KpokiB miaxoay D-KTS i3 MmexaHizmoMm

aJanTUBHOTO BUOOPY KaapiB Ha ocHOBI xeury HAFS [162]
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PoGoTa aBTOpiB 3acIyroBy€ Ha OCOOIMBY yBary CBOiMH BUCHOBKaMHU PO 3B’SI30K MK
4acTOTOIO KaJIpiB 1 F-Mipolo, 10 HaBeAeHO Ha pucyHkax 3.4 ta 3.5 s Habopy nanux TV Sum
ta SumMe BifNoOBinHO. IXHi JOCHTiKEHHS MOKa3anM, MO iCHye MO3UTUBHA KOPEJIALIS Mik
4acToTO0 KajpiB 1 F-miporo, mpuuoMy 3HMKEHHS 4acTOTH IUCKpeTu3alli g0 1 kxaapy B
CEKYH]y (SIK BUKOPUCTOBY€ETHCS B OLIIBIIOCTI OB’ A3aHUX POOIT) MPU3BOJUTH 10 HETATUBHOTO
BIUIMBY Ha pe3yibTaT. 30KpemMa, aBTOpPH MOKa3aju, o F-Mipa 3MEHIIY€EThCS B CEPEHROMY Ha
20,92% nnsa Habopy nanux TvSum 1 Ha 20,72% s HaGopy nanux SumMe 3a yMOBH
3MEHIIEHHS YacTOTU KaJapiB y Bijeo Hmwxkue HDK 30 kaapis/c. Lle BaxkinBe BIIKPUTTS
CIIOHYKAJIO AOCIIIUTH NUTaHHA: «HoMy MiJBUILIEHHS YaCTOTH KaJIpiB Ma€ TaKUi MO3ZUTUBHUM
BIUUB Ha F-mipy?». Byno npunyieHo, 1o 301IbIIEHHS YaCTOTH KaAPiB MPU3BOIUTH O OLIbIIT
TOYHOI 17IeHTU(]IKaIllT MEK CETMEHTIB Ha BIJI€0, 1110 Ja€ MOKPAIIEHHS MOPIBHSAHO 3 Oy/b-SKOI0

€BPUCTUKOIO, IKA BUKOPUCTOBYETHCS B 1HIINX podoTax [150-164].

W DR-DSN m DSNet

<
(Yo}
[32]
N
=)

5 10

SUB-SAMPLING (FPS)

0,621
0,6501
0,5236
0,7393
0,74
0,7716

F-SCORE

0,5348
0,5766
I 0,8122

I 0,4153
I 0,4504

15 30

Pucynok 3.4 — Kopemnsiis F-mipu ta FPS nns ninxony D-KTS [162] 3 BukopucTanHsmM
HeliponHux mMepex DR-DSN [166] 1 DSNet [141] na na6opi ganux TVSum [147]
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W DR-DSN m DSNet

0,5947
0,6068

0,5874

0,5957

0,4047
0,502
0,4626
0,5016
0,5169
0,5051
0,4425

F-SCORE

1 2 5 10 15 30
SUB-SAMPLING (FPS)
Pucynoxk 3.5 — Kopesmsimisa F-mipu ta FPS nnsa nigxony D-KTS [162] 3 BukopuctanHsIM
HeliponHux mMepex DR-DSN [166] 1 DSNet [141] na na6opi nanux SumMe [148]

Bapto 3a3HaunTH, 1110 3alIPONOHOBAHUN Y IILOMY JIUCEPTALIHHOMY JOCIII)KEHHI METO/]
JUIsL y3arajlbHEHHsI 3MICTY JIOBIMX BIJ€O BIApi3HAeTbes Bia miaxony D-KTS tum, mo
3alpONOHOBAHOMY METOJy HE€ MOTPIOHI J10JATKOBI HEUPOHHI MEpPEXi IJi MOMEePEIHbOTO
BUOOPY KaapiB JJisl MOJAJIBIIOTO aHANi3y Ta y3arajJbHEHHS. Y 3alpOlOHOBAHOMY METO1
BUKOPUCTAHO MiAX1J ITEPAaTUBHOTO YTOUHEHHS MEX y3arajibHEHb BiJ MEHII 10 OUTBII TOYHUX,

10 MIHIMI3y€ pO301’KHOCTI B OI[IHKAX KJIIOUOBHUX KaJpiB HA PI3HUX eTamnax.

3.3 3anponoHoBaHUil iTepaTMBHUII MeTOA A0 BHOOPY KJIKYOBUX KaApiB s

3aJa4i y3arajJbHeHHs 3MICTy Bieo

3anpornoHOBaHUM 1TepaTUBHUN METOJ 0 y3arajJbHEHHS 3MICTY BIJI€O CKJIAJAETHCS 3
JIBOX OKpemux (¢a3: momnepeaHboro BUOOPY KIIOYOBUX KaJIpiB Ta YTOUHEHHS MEX CETMEHTIB
B1JI€0, MO SIKUX BUKOHYETHCS y3araJlbHEHHS.

daza nmonepeaAHLOro BUOOPY KIFOUOBHUX KAJIPIB CIPSAMOBAHA HA BU3HAUCHHS HANOUIBII

pelIeBaHTHUX KaJpiB S’ NUIAXOM MakcHUMi3ailii WMOBIPHOCTI BHOOpPY THUX KaJpiB, SIKl Oynu
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po3MiueHl B Habopi JaHuX sk Kiaro4dosi. Ilicnga nporo BiaOyBaeTbea (pa3za yTOUHEHHS MEX
CErMEHTIB Bi/I€0, MO SIKMX BUKOHYETHCS PE3IOMYBAHHS IIJISAXOM BIIKHUIAHHS HEpPEIEeBaHTHOT
iH(opMallii 3 CerMEHTIB JJii OTpPUMAaHHsS OUIbII TOYHHUX 1 KOPOTKHX CerMeHTiB Bizmeo. 11[06
JOCSITU LBOT0, OYyJI0 3alpONOHOBAHO 3allyCTUTH METOJ PE3IOMYBaHHS 3MICTY BiI€O Ha BXkKe
BiiOpanux kaapax §’, Kl 3rpynoBaHi B CETMEHTH, aJie 3 BUIIOK YaCTOTOIO, HIXk 1€ OyJio Ha
eTarl MOMepPeHhOT0 BHOOPY KIIOYOBUX KaJpiB, IO JI03BOJISIE TOYHIIIE OOPOOUTH MeEXi
CErMEHTIB BIJI€0, 110 IKMX Oy/i€ BUKOHYBATHUCS PE3IOMYBAHHS.

Bapto BinMiTH, 110 pi13HUN pO3NOAUT AaHUX (Pa30r0 MONEepPeHbOr0 BiI0OPY KIFOYOBUX
KaJpiB Ta (a3010 YTOUYHEHHS MEX MOXE MPU3BECTH JI0 PI3HUX OI[IHOK BIEBHEHOCTI MOJIEIeH
MaIllMHHOTO HaBYaHHS JJIS TUX CaMUX KaJpiB Ha pi3HuUX (azax. [[o0 BupimmTH 1110 mpodiaemy,
OyJi0 3ampoBaKEHO TMPOUEAYPY BHUPIBHIOBAHHS OIIIHOK MiX pi3HUMH (Da3zaMu, siKa
CIIpsSAMOBaHa Ha MiHIMI3aIlil0 po30DKHOCTEH MiX HuMHU. lle MOXHa 3poOUTH €hEeKTHUBHO,
MIHIMI3YBaBIIIA €BKJIIJIOBY BIJCTaHb MDK HMOBIPHOCTSIMH, MPOTHO30BAHUMHU Ha  PI3HUX
eranax. lle, y cBoio uepry, mpu3BOAUTH A0 OUIBII BHUCOKOi SIKOCTI MOJENI MAaIIUHHOTO
HaBYaHHS, sIKa MOXe €(pEeKTUBHO OOpOOUTH JlaHi 3 pi3HUX (pa3 METOAY 1TepaTUBHOTO BUOOPY

KJIFOUOBHMX KaJipiB Ha Bifeo. Jlanuii mpouec dopmanizoBano sk Jlictunr 3.1.

Jlicrunr 3.1. ITepaTuBHUil MeTO y3araJibHEHHS 3MICTY BiJI€O

Inputs: keyframe selection model M, pre-defined processing sequence length T, the set of
video frames F = { F,,F,, ..., F,}, the set of corresponding labels for each frame L =

{Li,L,, ..., Ly}, refinement padding length P, loss function Fj, g

I.Ifn < T, then pad F with T - n empty frames

2. From F subsample equal frequency 7 frames F'= { F{, F;, ..., F7}
// Pre-selection

3. Get importance scores S’ = M(F")

// Border Refinement
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4. From F subsample equally 7 frames F" = { F{’, F,', ..., Fr }:
4.1. F"={}
4.2. While len(F") < T
4.2.1. Select frame f with largest score in S".
4.2.2. Add frame f'to F" and remove it from §".
/I Frame iteration order f, f— 1, f+ 1, =2, f+ 2, ....f—n, f+n
4.2.3. For frames p in range from f - P to f + P:
4.2.3.1. If p not in F" then add to F" and remove it from §'
5. Get importance scores 8" = M(F").
// Optional for training
6. Get loss loss = Fypss(S',L) + Fj,5s(S",L) — a - (§" — S§")2.

Outputs: list of score S" for selecting keyframes.

Ha nepmomy kpoli nepeBipsieTbest, uu 1 MeHiue T. SKio ue Tak, To F TONOBHIOEThCSA
MOPOXKHIMU Kaapamu 10 AoBxkuHu T. lls omepamis oOuucitoBaHa Ta BHUKOHYEThCSA 3a
CKiHUEHHY KiTbKicTh KpokiB wac O(T), OCKiIIbKM MaKCHMallbHa KUTBKICTh KaapiB JUIs
JIOTIOBHEHHSI oOMexxeHa 7' — n.

Ha npyromy kporii 3 F 13 3a/1aHOI0 4acTOTOO (TOOTO KOKHMM k-uii kajp) BUOMpPAIOThCs
T KaJpiB, 110 YTBOPIOIOTH MiAMHOKUHY F'. Ockinbku T (ikcoBaHe, KiIbKICTh BAOPAHUX KaJpiB
TakoX (DIKCOBaHa, 1 L omeparliss 0OOYMCIIOBaHA Ta 3aBEPUIYETHCS 3a CKIHUCHHY KUIBKICTh
KpokiB He Ounpiry Hixk O (T).

Ha TpeTboMy KpolLll BUKOPUCTOBYETHCS MOJI€Nb M I OTPUMAHHS 3HAaU€Hb BaXKJIMBOCTI
S'mst kanpiB y F'. IIporiec 06poOku KaapiB MOAENIIO M € 00YHCITIOBAHUM i 3aBEPINYETHCS 3a
CKiHYeHHY KUTbKicTb KpokiB O (T - m), ne m — CKIQAHICTh OOUNCIICHD 3a MOACILTIO M.

Ha yeTBepTOMY KpOILll BUKOHY€ETHCS YTOUHEHHs MeX. CIIO4aTKy 3HOBY BUOMPAIOTHCS T
kaapiB 3 F i3 3a1aHOI0 4acToTOI0, yTBOproroun miamuoxuHy F''. TTobymosa maGopy F''

BiZIOYBAETHCS 3a TOMIOMOTOI0 3HAUYEeHb BaKIHBOCTI S'. I{eii mporiec BUKOHY€ETHCS 3a CKIHUCHHY
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KUIBKICTh KPOKIB, OCKUTBKH KUIBKICTH 1TE€palliil UKy piBHA T, a 11 KOXKHOT 1Tepallii KUIbKICTh
KpOKiB (hiKCOBaHA 1 BU3HAUYEHA JIOBKUHU BikHa 00poOku P. Onrcani KpoKu € 00UHUCIIOBAaHUMU
1 maroTh ouinky ckaaanocti O(T - n)

Ha n'atomy kpoimi monens M 3HOBY BHUKOPHUCTOBYETHCS NJii OTPUMaHHS 3HAYEHBb
BaxaMBOCTI S’ st kazapiB y F''. 1leit KpoK aHAIOTIYHUN TPETHOMY — € OOYKMCIIOBAHAM 1 Ma€
ckipanicts O(T - m).

Ha moctomy Kpoii 00YHCITIOEThCS (BDYHKIIIS BTpaAT, sika BpaxoBye 3HaueHHA S', S''Ta
Mmitku L. Ile#t po3paxyHok mMae ckinaaHicts O (n).

TakuM YMHOM, 3arajbHa CKJIAJHICTh aJIrOpUTMy, MNOOYJOBAHOTO HA OCHOBI
3aIMpPOTIOHOBAHOTO MeToay, Moxe Oytm mpubnuszHo omiaeHa sk O(T +T -m + T -n)) =
O(T XxX(1 +m +n)) ~ O(T X(m +n)). Takuii anTOpUT™M 3aBXKIU 3aBEPIIYETHCS 3a
CKIHYEHHY KUIBKICTh KPOKIB 1 € OOYMCIIOBAJIBHO 3A1MCHEHHUM, OCKIIBKH BCl HOTO KPOKH
BUKOHYIOThCS 32 (DIKCOBaHY KUIbKICTh yacy 0e3 O€3KIHEUHUX IUKJIIB a00 1HIIHMX MNEPEIKO/,
10 3aM00iratoTh HOro 3aBEPILICHHIO.

CxeMaTu4He MpeJCTaBICHHS 3aCTOCYBaHHS JAHOTO METO/Y HAaBEJEHO HAa PUCYHKY 3.6.
Ha 300paxeHHi cipuM KOJHOPOM MpPEACTaBICHO HEBHOpaHi KaJpH, YEPBOHI — II€ KaJpH,
BUOpaHi Juisi o0poOku Ha (a3l momepeaHbLOro BiOOPY, KOBTI — II€ KaJpu 3 BUCOKOIO
BIIEBHEHICTIO MOJIeJIel MAIIMHHOTO HABYaHHs, sIK1 BUOpaHi Ha (pa3i monepesHboro Bigoopy,
CHUHI — 1€ KaJIpH, K1 00paHi JJig eTany YTOUHEHHS MEX SIK JOAATKOB1 KaJpH JJIsl M1ABUIIEHHS
KUIBKOCTI KaJJpiB B CETMEHTAX, 3€JICHUM — 11€ KaJpu, BUOpaHi micis a3y yTOUHEHHS MEX, SIK1
€ KIHIIEBUM pEe3yJIbTaTOM poOoTH MeToay. Uucna BcepearHi KOXKHOTO Kaapy BiIoOpaxaroTh
OI[IHKY BIEBHEHOCTI MOJEJIe MAlIMHHOTO HAaBYAHHS JIA I[LOTO KaJpy MICIs KOXHOI (a3u

00pOOKH.
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Frames F4, F5, F3, ..., Fy

Pt et Pt
L ] L | L ]
L L L

Pre-selection stage

Pt et Pt
L ] L | L ]
Rt L Rt

b | o o Bl o w7
(=] (=] (=] (=] (=] (=]

Refinement stage
ooy || || | | ||| O O O oy | mf | | v~ ar| s iy
[=]E=1k= k=1 = = =1 ==} mif=00F=] B - - [=IE=1=1= I =|F={F=1F=1§=]

Pucynok 3.6 — IIpeacTaBiaeHHsI OCHOBHUX KPOKIB ITEPATUBHOTO METO/IY y3arajJbHEHHS IO

BIIEO

3.4 Pe3yabraTn E€KCIePUMEHTAJIBLHOI0 AOCJIiIKEHHS edexTUBHOCTI
3allPpOMIOHOBAHOI0 MeETOAY Big0Opy KJIWYOBMX KaaApiB MJad 3aaadi

y3arajibHeHHs 3MiCTy Bieo

JIst mOpiBHAHHS 3aMPONIOHOBAHOTO0 METOIY 3 MOMEPEIHIMU poOoTaMu OyJIO TPOBEECHO
€KCIIEpUMEHTH Ha YOTHPHOX pi13HUX Habopax ganux: TvSum [147], SumMe [148], OVP [167]
1 YouTube [167]. Habopu ganux OVP 1 YouTube BukopucToByBasiviCsi TOTOBHUM YHHOM JJISI
po3MIMpeHHsT HaBualbHOro Habopy. TvSum 1 SumMe € enuHuMHM Hapasi JOCTYNHUMU

Ha0opaMy JaHMX 13 BIANOBIJHOK PO3MITKOIO ISl y3arajJbHEHHS 3MICTY BIJE€O, aj€ BOHU



3AJINITAa0OTBCA BiI[HOCHO HECBCIIMKUMHU OJI1 HaB4YaHHA rITHOOKUX MOI[GJ'IGfI.

XapaKTePUCTUKHU IUX HAOOPIB JaHUX HaBeIEeHO B Tabuii 3.1.
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OcHOBHI

Tabmuns 3.1 — Ornsig BiacTUBOCTEN HA0OPIB TaHUX, K1 BUKOPUCTAH] B €KCIIEPUMEHTAX

JUTSL 3a]1a4l y3araJbHEeHHS 3MICTY BiJI€O

Habip Kinpkicts | KigpKicTb 3 Tun JloB>xKH1HA B1JI€O, CEKYH]T
JAHUX B1JI€O pPO3MITKOIO | po3MiTkH | MinimanbHa | Cepennst | MakcumanbHa
SumMe 25 18 Kunrouosi 32 146 324
[147] CErMEHTH
TvSum 50 20 83 235 647
[148] Kunrouosi
OVP [167] 50 5 Kaapu 46 98 209
YouTube 39 5 9 196 572
[167]

HabGip nanux TvSum Mae po3MmiTKy Ha piBHI KaJpiB, TOAl Sk SumMe po3miueHuil Ha
piBH1 cermeHTiB. [lig yac po3MITKH UX HAOOPIB AAaHUX KIIBKICTh KaApIB JJIS y3araJlbHEHHS
3MICTY B1J1e0 oOMexyBanacs 10 15% Bi opuriHaNbHOI JOBXUHHU BIZE€O 1 OLIIHIOBAJACA Ha
OCHOBI pPe3yJbTaTIB JEKUIBKOX PO3MITYMKIB AaHUX. Takuh MiaXiA 103BOJISIE 3a0€3MeUnuTH
KOHCHUCTEHTHICTh Ta 00'€KTUBHICTH OLIIHIOBAHHSA SIKOCTI PO3MITKH, HEOOX1THOI JJIsl YCHIIITHOTO
BUKOPUCTAHHSA JIaHUX Y HAaBUYAHHI IMTUOOKUX MOJIENEH.

Jnst 00'€eKTUBHOTO TOPIBHSAHHS 3 MONEPEAHIMHU JOCHIIKEHHAMHU OyJo TOTPUMAHO
METOJUKY OIIIHKM €(EeKTHUBHOCTI 3alpONOHOBAHOIO METOJY Yy3arajJbHEHHS 3MICTY BIJIEO,
onucany y po6oti [136]. [{is OIIHKK CXOXOCTI Pe3yabTaTiB BUKOPUCTOBYBAIAaCh CEPEIHBO-
rapMoHiliHa TOYHICTb 1 IOBHOTA, BUPaXXEHA y BIJCOTKAX K F-Mipa:

F=200p-r/(p+71), (3.1)

A€ p - BHAYCHHA TO‘-IHOCTi, r - 3HA4YCHHA ITIOBHOTH.
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IcTUHHO MO3UTHBHI, XMOHO TMO3UTUBHI Ta XMOHO HEraTUBHI pe3yibTatu s F-mipu
OOUHCITIOIOTBCS JJISI KOXKHOTO KaApy SIK MHEPEKPUTTS MIK PO3MITKOI Ta pe3yiabTaTaMU
oOuHrcIieHb MOJICJIEN MAIllMHHOTO HABYaHHS, 10 MpeACTaBleHO Ha pucyHKy 3.7 [138]. Takuit
H1IX11 JO3BOJISIE AETAIBHO OLIHUTH BIJIMOBIJHICTh Ta TOYHICTH POOOTH METOLY Ha KOXKHOMY
etari oOpOOKM BiJieO, BU3HAYAIOYU MOr0 €(PEeKTUBHICTh 1 NPHUAATHICTH JII KOHKPETHUX

3aBJIaHb KOMIT FOTEPHOIO 30Dy .

User Summary | R [ |

Machine Summary | i

L JL

T T I—T—‘
False positive  True positive \ / False positive

False negatives

Pucynok 3.7 — IlepekpuTTs Mix pO3MITKOIO Ta Pe3yIbTaTOM 00UUCIEHb METOY — ICTUHHO
MO3UTUBHUX, XMOHO MO3UTUBHUX Ta XUOHO HETaTUBHUX PE3YJbTATIB JJIsl KOKHOTO Kaapy

[138]

Hns nabopy nanux TvSum [147] mi1st KOKHOTO BiJieo F-Mipa 00UUCTIOETHCS SIK CEPETHE
3HAUYEHHA MK PE3yJbTaTOM METOJYy y3araJlbHEHHs 3MICTY BIZJE€O 1 PO3MITKOIO KOXHOIO
po3MiTurKa JaHux okpemo. [loTiM migpaxoByeThest cepenns F-mipa 1o BCIX Bijieo B HAOOp1
nanux. Jlns wHabopy nanux SumMe [148], ockinbkM [daHi pPO3MIYEHI JEKLIbKOMaA
PO3MITUMKAMH, JJI1 KOKHOTO BiIEO BUOMPAETHCS JUIIE PO3MITKAa TOIO PO3MITUHKA, sIKA J1a€
HalKpamuii pe3ynbTaT F-mipu.

VYci ekcnepuMeHTH npoBoawivca 3 BukopuctaHHsMm Python 3.9.13, PyTorch 1.13.1,
CUDA 11.7, OpenCV 4.5.2 na 6a3i onepamiitnoi cuctemu Ubuntu 20.04. OGuucmatoBaibpHa
MarmrHa Mania 8 rpadigaux nporecopiB Nvidia A100 80 I'b, 2 LTI Intel(R) Xeon(R) Platinum
8275CL sxki ¢pyskuionyots Ha yactoTi 3,00 I'T'11 1 cucteMuy nam’sith po3mipom B 1152 I'b.

VY BCiX NpPOBENEHUX JOCHIIKEHHAX OyJl0 JOTPUMAaHO BCTAHOBJIEHOTO MPOTOKOIY

OITIHIOBaHHS MOJIeJiel MalllMHHOTO HaBYaHHA Ha Habopax manux TvSum i SumMe. s gaszu
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MONEPEIHHOr0 B1IOOPY KIIOYOBUX KaApiB OYyJI0 BUKOPUCTAHO AMCKPETHU3ALII0 BIIEO 3
4acToTOol0 KajapiB B 1 kaap/c. BektopHe mnpeacTaBieHHs KaapiB OyJio OTpUMaHO 3
BUKOpHUcTaHHAM Mojenelt Video Swin Transformer [66], 30kpema Swin-T. Po3mip BXxigHUX
KaJpiB OyJ0 3MIHEHO J0 PO3JLILHOI 3IaTHOCTI 224224 miKCeniB, 110 TPU3BEIO 10 PO3MIpY
BX1THOTO T€H30pa I MOJIeJIel MaIlTMHHOTO HaBYaHHS B 16X56X56 eleMeHTIB.

Mopnens MalmIMHHOrO HaB4aHHS Oyja 1HIIIaNi30BaHA BaraMu IMONEPEIHbO HABYEHOI
Mozeni Ha HaOopi manux ImageNet. ['onoBu Oynu iHiIlani30BaHl BUIAAKOBUMHU Baramu 3
HOpPMaJbHUM po3mnoaioM. OnTuMmizaniio Oyia0 MPOBEAEHO 3a AoNoMororw Merony AdamW
[128] 3 mouaTkoBOX mBUAKICTIO HaBuaHHA 3-10™. Monens Hapuanacsa 3aramom 200 emnox,
BKJIIOUaroun (azy posirpiBy B 2,5 enoxu [168]. Po3Mip BXiIHUX AaHUX MiJ 4ac HABUYAHHS
ckiaziaB 64 exzemIuIsipa. AHaJIOTIYHO 10 MONEPEAHIX TOCTIIKEHb, TPAJIEHTH Bar MONEPEAHBO
HAaBUYEHOI HEUPOHHOI Mepexi Oynu momMHOxkeHi Ha koedimieHT 0,1. 3pocrarounii piBeHb
CTOXAaCTUYHOTO BiiKkugaHHsa riauOunu [129] ta Bar [130] BUKOpUCTOBYBABCS sl OLIBIIUX
MoJieNel, sk pekoMeH10BaHo B [66]. CToxacTuuHe BIAKUAAHHS TIMOUHU OyJI0 BCTAHOBJIEHO
Ha piBHl 0,1, a croxacTuyHe BiAKHAaHHS Bar Oyno BcrtaHoBieHO Ha piBHI 0,02. VYci
eKCIepUMEHTH OyJI0 BUKOHAHO 31 BcTaHoBieHM @ = 0,5.

Haiininmy moxens Oyino oOpaHo Ha OCHOBI (yHKIII BTpaT. YcCi €KCIEpUMEHTH
MPOBOAMIIKCS 3 BUKOPUCTAHHSM 3aralibHO0CTynHOT peanizanii PGL-SUM [160]. ¥V Tabnuii
3.2 mpencTaBieHO MOPIBHAHHS MIAXOAIB 0 3ajayl y3arajJbHEHHS 3MICTY Bifle0 Ha Habopax

naanx SumMe [147] 1 TvSum [148].

Tabmuns 3.2 — [lopiBHSIHHS piI3HUX METOIIB NIl BUOOPY KIIFOUOBHUX KaJpiB HA 3ajadi

y3arajibHeHHS 3MICTy BiJleo Ha HaOopax ganux SumMe [147] 1 TvSum [148]

Meton SumMe, Fl-mipa | TvSum, F1-mipa
VasNet [107] 49,7% 61,4%
RR-STG [109] 53.,4% 63,0%
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[IponoBxeHHs Tadbaul 3.2

Meton SumMe, Fl-mipa | TvSum, F1-mipa
DSNet [110] 50,2% 62,1%
PGL-SUM [130] 55,6% 62,7%
D-KTS 3 Baramu DSNet [132] 50,2% 62,3%
3anponoHoOBaHU# iITePATUBHUMA METOH 10 56,2% 63,2%
BiZ0OPY KJII0Y0BHUX KA/IPiB Ha Bieo

VYci Metonu TectyBasincs 3 (PIKCOBAaHOIO YaCTOTOK CEMILTIOBAHHS KaJipiB 3 BIJIEO, SIKa
Oyna BucTaBieHa B | kajap/c 3riJIHO 3 MPOTOKOJIAMU TECTyBaHHS Ha HaOopax AaHux SumMe
[116] 1 TvSum [117]. SIx MokxHa MOOAYMTH, 3aMPOIIOHOBAHUM METOJ JOCAT HAMKpalux Ha
MOMEHT JOCHIIXKEHHSI Pe3yabTaTiB TOUHOCTI — 56,2% (+0,6%) 1 63,1% (+0,5%) Ha Habopax
nanux SumMe 1 TVSum. 3anponoHoBHHUN METO/ TEPEBEPIIUBIIMN pe3ybTaTi MeTo 1B PGL-
SUM [130] ta D-KTS [132], mo nigkpecitoe eheKTUBHICTh 3alpOINOHOBAHOTO METOAY MpHU

poOOTI 3 HU3bKOIO YaCTOTOKO KaJPiB 1 TOAATKOBO Oy1€ JOCIIKEHO B HACTYITHOMY I1JPO3/LIL.

3.5 JocaixkeHHsl BIVIMBY KJIIOY0BUX KOMIIOHEHTIB HA fIKiCTh 3alIPONOHOBAHOIO
iTepaTUBHOrO MeTOAM BUOOPY KJIKYOBHX KAAPIB JJMl y3arajbHeHHSl 3MiCTy

Bizeo
VY pamkax 1bOro JIOCHIIPKEHHS OYJI0 3ampolOHOBAHO I1HHOBAIIMHUM MIAX1T 10
y3arajlbHeHHS 3MICTY B1JI€0, SIKMI BKIIIOYa€ TpU OCHOBHI Mojudikaiiii B ctpykrypi PGL-SUM
[130]. ITo-niepiite, 6yJio 3a1HCHEHO 3aMiHy TIOTIEPEAHBO HABYEHOT HEMPOHHOT Mepexki Ha Video
Swin Transformer, sikuii 3apexoMeHyBaB ceOe SK €()EeKTUBHUN EKCTPAKTOpP BEKTOPHHUX
pernpe3eHTalli s 3aaad Ha Bifeo. [lo-mpyre, Oyio 3ampornoOHOBAaHO METO] ITE€PATUBHOTO
YTOYHEHHSI M€K CETMEHTIB JUIsl y3arajibHEHHs, 110 MiJBUIINY€E TOYHICTH BUOOPY KIHOUOBUX
kajapiB. [lo-Tpete, Oyyo BBeAEHO MPOIEAYPY BUPIBHIOBAHHS OLIIHOK HEUPOHHUX MEPEK IS

KJIFOYOBUX KaJpiB sK1 BiAIOpaHuMHu Ha (a3l monepeaHboro Bioopy Ta (ha3or yTOUHEHHS 11100
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Kpallle y3rOAUTH OIlIHKM Ha PI3HUX eTamax MeToay. EdeKTUBHICTh KOXXHOI Moaudikarii

OITIHEHA Ta TpeJcTaBiaeHa B TabauIi 3.3.

Tabnuns 3.3 — BruiiB pi3HHX KOMIIOHEHTIB 3alIPONOHOBAHOIO METOY

BrnockonaneHHs SumMe, F1-mipa TvSum, F1-mipa
PGL-SUM [130] (ocHOBa) 55,6% 62,7%
+ Video Swin Transformer 55,9% (+0,3%) 62,9% (+0,2%)
+ IrepaTUBHUI TTiIX11T 56,1% (+0,2%) 63,1% (+0,2%)
+ BupiBHIOBaHHS OIIIHOK MiX 56,2% (+0,1%) 63,2% (+0,1%)
PI3HUMH 1TEepaLlisiMU

Pesynpratu cBiguath, mo mnpuban3Ho 50% 3aranbHOro MiABULIEHHS TOYHOCTI Y
nopiBHsiHHI 3 PGL-SUM [130] gocsiraeThcsi 3a paXyHOK BHUKOPUCTAHHS HEMPOHHOI MEpexi
Video Swin Transformer. Pemra nocsraetbest 3a paxyHOK 3alpONOHOBAHOIO 1T€PATUBHOTO

METOJy BUOOPY KJIIFOUOBHUX KaJPiB Ta BUPIBHIOBAHHS OILIHOK MK PI3HUMU 1TE€paIiIMU METOTY.

3.6 IlopiBHAHHS 3alIPONIOHOBAHOIO ITEPATHBHOI0 METOAY 10 BHOOPY KJIHY0BHX
kaapiB 3 MerogomM D-KTS npum BHcOKiH 4YacToTi KaapiB s 3aga4

y3arajibHeHHs 3MiCTy Bileo

[[{o6 mopiBHATH 3amponoHoBaHui MeTon 13 MeTooM D-KTS [162], Oyno 3011bI1eHO
4acTOTy KaJpiB NJsi (a3u MOMEpPeHhOT0 BUOOPY KIIOUOBHUX KaJIpiB Ta JIHIAHO 301IBIIECHO
4acoBY PO3MIpPHICTh BXiHOro TeH3opa s Video Swin Transformer [66]. Sk mokazaHo Ha
pucyHkax 3.8 ta 3.9, 3ampomnoHOBaHUN METOJ| ITEPaTUBHOrO BUOOPY KIIOUOBHUX KaJpiB Ha
Bizeo nepesepimnB MeToq D-KTS 3a yMOBHM BUKOPHUCTAHHSI MEHIIIOI YaCTOTH KaaApiB 1isl ¢ha3u

MONEPEHHOT0 BiAOOPY KIIOUOBHUX KaApiB.
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MW D-KTS w/ DSNet  m Our algorithm

SUB-SAMPLING (FPS)
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Pucynok 3.8 — IlopiBHsAHHS 3anpornoHoBaHoro Metoay 3 MetoaoM D-KTS [162] npu Bunmiit

4acTOTI KajpiB HA HaOopi nanux TVSum [147]

W D-KTS w/ DSNet  m Our algorithm
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Pucynok 3.9 — IlopiBHsAHHS 3anponoHoBaHOro Metoay 3 MetoaoM D-KTS [162] npu Bunmiit

0

4acTOTI KaJpiB Ha HaOopi nanux SumMe [148]
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Opnnak BapTO 3a3HAYUTH, IO I PI3HUI 3MEHIIYETHCS Ta CTA€ HE3HAYHOIO MpPHU
BUKOPHUCTaHHI BUCOKOT YaCTOTHU KaIpiB, Takoi sik 15 1 30 kazpiB B CEKyHY, 110 TPU3BOJAUTH J10
PI3HUIII MIXK 3alIPOMIOHOBAHUM ITEPATUBHUM METOJ IO BUOOPY KitodoBux KajpiB Ta D-KTS
auire B +0,1% 1 +0,0% na Habopax manux SumMe 1 TVSum BianosigHo. Lle mosicHIOe€ThCS
TUM (PaKTOM, IO MPHU BUCOKIN YACTOTI KaApiB OOUJIBa METOJM MAIOTh JAOCTYI 10 OUIBIIOL
KUTBKOCTI KaJpiB, IO MPU3BOJAUTH A0 MIBUAKOTO 3MEHIICHHS PI3HUII B TOYHOCTI BUSBIICHHS
MEK CErMeHTIB Bijieo. OiHaK, sik OyJ10 3a3HAYEHO BUIIlE, OCHOBHA METa JOCII>KEHHS MoJisraia
B TOMY, 100 HAJIaTU IPAKTUYHE PIIEHHS JUIsl 0OpOOKHU TOBTUX BiJI€0, 1110 HE MPU3BOAMIO O 110
J0JTaBaHHS CKJIQJHOCTI @00 JOJJaTKOBUX BUTPAT Mij yac (pa3u TECTyBaHHS METOAY B PEAIbHUX
yMOBax. 3anponOHOBAaHUM METOJ| y IIbOMY BIJIHOILIEHHI MOKa3ye€ Kpally MIBUAKOIII0, HIK
meton D-KTS, onucanuii y po6oti [162], a oTxke HOro Mo>kHa BUKOPUCTOBYBATH 3 HUKYOIO
YacTOTOIO KaJpiB 1 pO3rOpHYTH Ha MeHIuX rpadiunux npuckoproBadax GPU, sxi mawoTh 12
I'b Bigeo mam’saTi a1 0OpOOKH TMOCTIIOBHOCTEH MOBXKHWHOKO B JACCATKH XBWJIHMH, IO 9acTO
3ycTpiuaeTbes Ha Takux miaatdopmax, sk YouTube a6o Facebook [144]. HaBeneni y Tabmnuiii
3.4 nani orpuMani 115 npuckoproBada Nvidia A100 80GB. Came ToMy MOKHa CTBEPAXKYBaTH,
[0 3alpONOHOBAHUM METOJ Ma€ MepeBard s po3poOKH MPHUKIAJAHUX 3aCTOCYHKIB JIs

y3arajibHEHHS 3MICTY B1JI€O.

Tabmuns 3.4 — 3anexHicTh 00cCATy BigeonaM aTi, HEOOXIJHOT /IS BUKOHAHHS

ITEPaTUBHOIO METOJY /10 BUOOPY KIIFOUOBUX KaJpiB, BiJ JTOBKUHU BiJIEO.

XapakTepucTuKa BiJeo Meton D-KTS ITepaTuBHMI1 MeTOT
1280x720, 30FPS, 1 xBuinmHa 8GB 11GB
1280x720, 30FPS, 5 xBunuH 55GB 16GB
1280x720, 30FPS, 15 xBunun [Tomuiika yepe3 BucTauy 21GB

nam’ATi
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[Iponosxxenus Tadnuii 3.4

XapakTepucTukKa BiJieo Meton D-KTS ITepaTuBHHI METO

1280x720, SFPS, 5 xBuiuH 7GB 10GB

1280x720, SFPS, 15 xBunun 18GB 12GB

1920x1080, SFPS, 1 xBuauna 22GB 39GB

1920x1080, SFPS, 5 xBuauH [Tomuiika uyepe3 HecTauy 44GB
nam’ATi

3.7 BHCHOBKH 10 po3ainy

VY nmaHomy po3aui 3alIpOIIOHOBAHO HOBUM 1TEPATUBHUI METOA IS y3araJlbHEHHS 3MICTY
Bi/ie0. 3apONOHOBAHUN METOJ 3MEHIIIY€ KIJTbKICTh HEPEJIEBaHTHUX KaJpiB, SIKI BU3HAUCHI Ha
(a3l momepeaHbOro BIAOOPY, NUISIXOM ITEPATUBHOIO 3aCTOCYBAHHS MOJEIl MAIIUHHOTO
HaBYAaHHS JI0 BiAIOpaHUX KaApiB 3 MOAANBIION (PUIBTpAIli€l0 HEPEIEBAaHTHUX KaJpiB Ta
CErMEHTIB.

VY nmocnimkeHHl M0AATKOBO peai30BaHO BHUPIBHIOBAHHS OIIHOK IJis BiAiOpaHuX
KJIFOYOBUX KaJIpiB HA PI3HUX ITEpallisi METOdY, 110 3a0e3Mneuye iX y3ro/)KeHICTh Ta MiJBUIIYE
AKICTh 3aMpOINOHOBAHOrO MeToay. Y mnopiBHsSHHI 3 D-KTS, HallOnuxyuM KOHKYpPEHTOM,
3alpONOHOBAHUN METOJ] Ma€ MepeBaru JUisl MPUKIAIHUX 3aCTOCYHKIB, OCKUIBKU JIOCSATAE
aHAJIOT14YHOI MPOAYKTUBHOCTI 3a HUKYOI YACTOTH KaJpiB, 10 POOUTH HOTO MPUIAATHUM [0
BUKOPUCTAaHHS Ha €JIEKTPOHHO-OOUYUCTIOBAIBHUX MPUCTPOSX 31 ClaOKuMu rpadiuHUMU
MpUCKoproBauaMu, ki MatoTh 12 I'b Bigeo mam’sti.

[IpakTu4H1 MOCTIKEHHS 3alpONOHOBAHOTO METOAY MOKa3aldM MiJABUIIEHHS SKOCTI
y3arajibHEHHsl 3MICTy Bifeo Ha Habopax gaHux SumMe ta TVSum nHa +0,6% Ta +0,5%
BianoBigHO. Lli pe3ynapTatd AEMOHCTPYIOTH €(EKTUBHICTH 3alpONOHOBAHOTO METOIY Y
BUPILIEHH] 33/a4l y3arajJbHEHHs 3MICTY B1J€0, OCOOJMBO JJIsl JOBIMX MOCIIJOBHOCTEH, 1110
poOOUTH MOr0 BaXJIMBUM I1HCTPYMEHTOM JJisi MPAKTUYHOTO 3aCTOCYBaHHS Y Ppo3poOIll

MPUKJIAIHUX 3aCTOCYHKIB.
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Pe3ynbTaT gaHOTO JOCHIIKEHHS OIMYOJIIKOBAaHO Yy HaykKoBoMmy BujaHHi [149] Ta
Mpe3eHTOBaHI Ha MiXHapoAHiM koHdepeHiii Advances in Artificial Systems for Logistics

Engineering III (ICAILE 2023).



103

4 MYJbTUMOJAJIbHI MOJAEJII HEUPOHHUX MEPEX
JJIA 3AJAY PO3ITI3BHABAHHSA HA BIIEO

4.1 BukxopuctaHHS MYJbLTHMOJAJBLHHUX MOJeJiedl 1Jifl 3a/a4 PO3MiZHABAHHSA HA
Bifeo

OcTaHHIMU pOKaMH 0arato JI0CATHEHb y MONEePEeIHOMY HaBYaHHI MOJIeNIel TITMO0KOro
MaIllMHHOTO HaBYaHHS B ramy3l oO0poOku mnpupomHoi mMoBu (NLP) Bukimkanu iHTepec y
CHIJIBHOTI PO3POOHUKIB KOMIT I0TepHOro 30py. SckpaBumu npukiagamu € BERT [169] GPT
[170; 171], ERNIE [172] 1 TS5 [173], Akl HaAuXHYIX AOCIITHUKIB JOCTIKYBAaTHU MOJ10HI
METOJIM KOMII FOTEPHOTO 30pY.

BizyansHo-MoBHI Mojieni (VLM) € pesynbTatoM gocinimxkens [169-173] B obmacti NLP.
BoHU BUKOpPUCTOBYIOTH BEJIMKI Ha0OpHW JAaHMX Yy BUIVIAAI MHap 300pa)K€HHSA-TEKCT, IO
XapaKTepU3yIThCs CIa0KOIO BIAMOBIIHICTIO (BIICYTHICTIO YITKOT BIIMOBIAHOCT1) Ta 3HAUHUM
IIyMOM, JJii KOHTPACTHOTO HaBYaHHS MoOJieJied MAaIlllMHHOTO HaBYaHHs. Take HaBYaHHS
30CEpE/KYEThCA Ha TeHepalii BEeKTOPHUX penpe3eHTallld NUISIXOM MNPOTUCTABICHHS
MO3UTUBHUX 1 HETAaTUBHUX TNap ek3eMIiunsipiB. [IpukinagamMu HaBYaHHS MOJENEH MAallMHHOTO
HaBuaHHs Ha Takux gaHux € CLIP [44], CoCa [70] 1 Florence [81]. Lli Bi3yanbHO-MOBHI MOJEN1
MPOIEMOHCTPYBAJIM HAJ[3BUYAHY YHIBEPCAIbHICTh Ta 3/TATHICTh €PEKTUBHO 3aCTOCOBYBATHUCS
710 MIUPOKOTO CHEKTPY 3a/1ady KOMII IOTEPHOT0 30Dy .

[Ipupoanbo, 110 BHACIIJIOK JIOCATHEHb, MpEACTaBIeHUX y pobdorax [44; 70; 81] mus
3a/1a4 KOMII FOTEPHOTO 30py, 3 SIBUJIMCH 171e1 11010 BUKOPHUCTaHHS 3HAHb, 3aKOJOBaHUX Y
MONepeHhO HABUCHHUX Bi3yaJbHO-MOBHHUX MOJENAX, IJi1 PO3POOKU MOJEel po3Mi3HABaHHS
Ha Bijeo. CydacHe pI3HOMAHITTS JOCHI/PKEHb y I[bOMY HAaNpsSMKy MOXHa pPO3JUIATH Ha
NEKUIBKA.

[IpssMOniHIMHUN MiAXIA 10 BHUKOPUCTAaHHA 3HaHb BI3yaJlbHO-MOBHUX MOJENEH,

BUCBITIEHUM B poborax [174; 175; 176], noTpuMyeThcs TpaAUIIHHOI YHIMOJAIBHOT
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napagurMy po3ii3HaBaHHS Ha BiJ€O, a MOMEpPEIHbO HaBYEHA Bi3yaJlbHO-MOBHA MOJEIb
BUKOPHUCTOBYETHCS NUISIXOM 1HIiIiaii3allii Bar HeHpoHHOI Mojeni 3 enkoaepa VLM (Visual
Encoder) Ta BukopuctanHsiM 3reHepoBaHux pernpeseHTanid (Emb.) mepea moBHO3B'SI3HUM

mapom (FC) (puc. 4.1).

Visual
Video g er Emb. Score

Pucynok 4.1 — IIpssmoniHiHMIM TMiAX1A 10 BUKOPUCTAHHS 3HaHb 3aKOJJOBAHUX Y BI3yaJIbHO-

MOBHUX MOACIIAX

AJbTEepHATUBHUM MIAXiA A0 BHUKOPUCTAHHS 3HAHb BI3yaJbHO-MOBHHMX MOJIETEH,
onucaHui y nyomikauisx [77; 177; 178], Bkintouae VLM cTpykTypy HaBUaHHS Ha mapax AaHUX
300pax)eHHS-TEKCT, 1[0 BUKOPUCTOBYE eneMeHTH npupoaHoi MoBH (Textual Encoder), Taxi sk

Ha3BU KJIACIB JIJIsl KOPUTYBAHHS pe3yJIbTaTiB poOOTH miaAXoAiB (puc. 4.2).

Visual
Video C - Score

Textual

Category ——» E \er

Pucynok 4.2 — OCHOBHI KPOKH MiJIXO/A1B 3 BUKOPUCTAHHS 3HaHb, 3aKOI0BAHUX Y B1€O-

TEKCTOBUX KOMITOHeHTax VLM
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Meton BIKE [78] BuCBIT/IMB 00MEKEHHS BUIIE€3a3HAYEHUX M1JIXO/1B JO BUKOPUCTAHHS
3HaHb BI3YyaJIbHO-MOBHUX MOJIEJ€i, SIKI B OCHOBHOMY IIOKJIaJaJKiCsl Ha OJHOHAIPaBIIECHE
3ICTaBJICHHS BIJEO 3 TEKCTOM. Taki OOMEXEHHsS YCKJIAaJHWIM BUKOPUCTaHHS IOBHOIO
MOTEHI[IATy Bi3yaJbHO-MOBHUX MOJAENEH Il po3Mi3HaBaHHSA Ha Bigeo. Came TOMY METO[
BIKE 3anpornonyBaB HOBUH MIAX1JA, SKUH HALIJIEHUH HA ABOHAMPABIICHE JTOCHII)KEHHS 3HaHb
y Bi3yalbHIH Ta TEKCTOBINA 00JacTAX Bi3yalbHO-MOBHUX Mozenei (Video Saliency Ta Attribute

Feature), sik nokazano Ha pucyHky 4.3 [78].

4){ Video Attribute Association }—l Score
Visual Video Attribute C 3 Textual
Video Encoder Saliency Feature Encoder Category

Category ;
embeddings | Video Concept Spotting

Pucynok 4.3 — IlpencraBienns ocHoBHUX kpokiB meTos1 BIKE [78]

[Tinxix BIKE [78] BBoIUTH KOHILIENIIIIO MallHIHTY 3HaHb y TUkax Video-to-Text 1 Text-
to-Video Bi3yanbHO-MOBHUX Mojened. el miaxin BKIIOYAE Mpolec reHepali TeKCTOBO1
iH(opMalii 3 BXiJHOTO BiJI€O, 110 aBTOPU HA3WBAIOTh T'EHEpAIli€l0 aTpulyTIB, a TaKOXK
BUKOPHUCTAHHS OINUCY KAaTeropidl JJjis BUAUICHHS CErMEHTIB Ha BIJEO, /i€ ICHYIOTh JaHl
kateropii. B pe3ynpTaTi UBOr0 ABOHAMPABICHOTO JOCTIKEHHS 3HaHb JOCSTA€ThCS
nigBuiieHHss TouHoctTi miaxony BIKE [78]. Opgnak mjisi JOCSTHEHHS IUX BIOCKOHAJIECHBb
MOTPIOHO BHECTH 3MIHM Yy CTpYkTypy VLM, mo Moxe oOMexXyBaTH BUKOPUCTAHHS
MonepeHh0 HAaTPEHOBAHUX MOJIeNIe 1 BUMarae po3poOKH HOBHUX apXITEKTyp abo ajmamrarlii

ICHYIOUHX J1s1 €(DEKTUBHOTO BUKOPUCTAHHS.
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OTxe, OOHMM 13 3aBJaHb JaHOTO JIOCHIJPKEHHS € po3poOKa MIAXoay MO
JIBOHAIPABJICHHOMY JOCIII>)KEHHIO 3HaHb Bi3yaJlbHO-MOBHUX MOJIENEH, sika O He moTpeOyBana
CTPYKTYpHHUX 3MiH y VLM Ta niaBuiyBaia TOYHICTh PO3MI3HABaHHS.

Jnsi mOCATHEHHS 1€l METH Yy paMKax AUCEPTAIIMHOIO JOCHIIKEHHS ONTHMI30BaHa
ctpykrypa BIKE [78] muisixom ycyHeHHs B3aeMo3ajexXHOCTed Mk riikamu Video-to-Text Ta
Text-to-Video. 3amicTe 1pbOro OyJI0 3ampoONOHOBAHO IHTETPYBAaTU 3HAHHS TEKCTOBOIO
KkiacudikaTopa, aHaaoriuno ao migxony Text4Vis [179], y rinky Video-to-Text. lonaTkoBo,
OyJ10 po3po0IieHo nporec Kiacudikaiii aTpuOyTiB JjIsl CETMEHTIB BiJI€0, 110 MEPEKPUBAIOTHCS
MDK coOoro. lle miaxoauTs i KoJyBaHHS 1H(pOpMalii mpo 3MiIHM aTpUOYTIB y dYaci, 110
ICTOTHO TOKpalllye€ pemnpe3eHTailito moAid y Bigeopsani. OcobnuBa yBara Oyna mpuaijieHa
BAXKJIMBOCT1 MOMEPEHHO BU3HAYEHOTO JIGKCUKOHY MJI TeHepallii aTpuOyTiB 3a JOMOMOTOIO
Bi3yaJlbHO-MOBHUX Mojened. Y po3aun 4.5.2 TakoX MNPOAEMOHCTPOBAHO SK MOXHA
PO3ILIMPUTHU JIEKCUKOH 3a IOMOMOTO0 Benukux MoBHUX Mojeneld (LLM), takux sik ChatGPT,
110 PO3IIUPIOE MOKIIMBOCTI reHepallii aTpuOyTiB AJid Bigeomanux. Orisj 3anpornoHOBaHOTO
M1JIX01Y NPEICTaBICHO HAa pUCYHKY 4.4, e BUCBITJIEHO OCHOBHI aCIEKTH 1HTETPaIlii TEKCTOBUX

Ta BI3yaJIbHUX JaHUX.

Visual Textual

Video E \er E e «—— Category
; Attribute Lexicon enrichment
Video Encoder algorithm
¥
Score

Pucynox 4.4 — OcHoBHI Kpoku miaxony Attr4Vis
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PesynbTaTu 3anpornoHoBaHoro miaxony Attr4Vis Oynu omyOIliKOBaHI Y HAyKOBOMY

xypHaii International Journal of Computing [180].

4.2 3anponoHOBaHUM MiIXiJ 10 BUKOPUCTAHHA MYJbTHMOJAJIbHUX MOJeJIeil s

3a/1a4 pPO3Mi3HABAHHA HA Bixeo

[Migxin AttrdVis, sgkuil po3poOiieHH Yy LbOMY JUCEPTALIHOMY JIOCIHIIKEHHI,
CXEMaTUYHO TPEJICTABICHO PUCYHKY 4.5. Y HacTymHUX miapo3auiax Oyae Oulbll JAeTalibHO

po3rsinyTo komnoHneHTu Text-to-Video, Video-to-Text Ta renepartii atpuOyTiB MO BiA€O.

Visual
Video —){ E = }—)Em b.

. Score
| Classifier

~

Textual

Category ——» E o

h J

Attribute

Lexicon enrichment Encoder

algorithm

Visual | N .| At the video , then , I
Video Encoder | o o then

Fusion

Pucynok 4.5 — IlpencraBieHHs OCHOBHUX KPOKIB 3alIPOTIOHOBAHOTO Miaxoay Attr4Vis

JIns BUKOpUCTaHHS 3HaHb 3 TeKCTOBOI riiku InternVideo [80] morpumano npouenypy
KOJITyBaHHS TEKCTOBOTO KiiacudikaTopa 3 [179], 110 103BOJIUIIO EPEHECTH CEMaHTUYH1 3HAHHS
3 TEKCTY Ha BI3yalibHY MoOjielb. L5 npouenypa nepeadadae CTBOpEHHsI BaroBux KoeilieHTiB
W, K1 CKJIalal0ThCA 3 BEKTOPIB PENpEe3eHTAllli 11 TEKCTOBUX MITOK HaOopy nanux L. Jls
HaOoOpy JaHWX Ta HasBHUX MIiTOK kmaciB L = {L,, L,, L3, ..., Ly}, Oyzme 3reHepoBaHo

HACTYIHY MaTpPUIIO0 BaroBUX KoeQilieHTiB W:
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W ; = TextEncoder(L;), i = 1,2,...n, 4.1)
ne W; - i-uit BekTop-psiaok Matpuiii W,

Otxe, W; iHIIIAMI3YETHCS 3 BUKOPUCTAHHAM pe3ysibTaty LLM 115t TEeKCTOBUX MITOK i-
ro kinacy. Sk TextEncoder B ekcnepuMEHTax, IO omucaHi y migpo3ainax 4.4 ta 4.5,
BUKOpHUCTaHO Mojenb Multilingual-E5-large [82].

Y 3anpomoHOBaHOMY TIJIXOJA1 BUKOPUCTAHO MOMJIMBOCTI HYJIHOBOI'O HaBYaHHI,
BJIACTUBI (DyHIaMEHTaJIbHUM BI3yaJIbHO-MOBHUM MOJIENSAM, A0 AKUX BiHOcUThCA InternVideo
[80], mo0 po3mizHaTH HaMOUIBII BIAMOBIAHI (Qpa3u B Mexax IMOMNEPEIHbO BU3HAYEHOTO
JEKCUKOHY Ta NO3HAYUTH iX SK MNOTEHUIHHI «ATpuOytnw» mnga 3anaui. Lleir mpouec
PO3rOPTAETHCS TAKMM YMHOM: BCE PO3MOYMHAETHCS 13 3aCTOCYBAHHS €HKOJIEpa 10 HEBEITUKHUX
(parMeHTIiB BXIJIHOTO BIJIEO HUISXOM T€HEPYBaHHS BEKTOPIB PEMPE3CHTAIlN Il KOKHOTO
KaJpy 3 (¢parMeHTy BiJIeO 3 MOJAJBIINM Yy3arajlbHEHHSM iX 3a JOMOMOIOK0 MiJIpaxyHKY
CepeAHIX 3HAYEHb y JaHOMY (pparMeHTi, 110 JA03BOJISIE OTPUMATU BEKTOP PEMpEe3CHTAIN AJIs
¢parmenty Bineo. OAHOYACHO MOJAEMO MONEPEAHHO BU3HAYEHY JIEKCUKY B TEKCTOBHM
€HKOJIep, 110 MPU3BOJUTH /10 TeHepallii Habopy aTpuOyTiB. Jlani nepexoaumo 10 00UUCICHHS
NMOAI0HOCTI MIK KOXXHUM CErMEHTOM 1 BOyJOBaHUM aTpuOyTOM, BUOMparOuu JMIIE Ti, SK1
MOKA3yI0Th HAWBUIIUHN CTYIIHb y3rOJXKEHOCTI. Y CHIIIHO BU3HAYMBIIMU 111 aTpUOYTH, MOXKHA
BUKOPHUCTATHU MPOCTY TEXHIKY 3IUTTS, AKa 00’ €IHY€ X 3 MOCTIJOBHOCTI aTpUOYTIB Y KOPOTKE
peuennsa, mo mae Gopmy "Ha Bimeo {}, motim {}, motim {}..". Lleil mpocruii, ane
KOMIUIEKCHUM MiAXiJg 3a0e3mnedye CTBOPEHHS OCMHCIEHUX 1 KOHTEKCTHO-PEJIEBAaHTHUX
JOTIOMIXKHUX aTpUOYTIB AJIsl aHAI3Y BiJI€O.

[Iporec reneparrii arpuOyTiB 115 B1/1e0 300paxeHo Ha PUCYHKY 4.6.
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Video

Split to non-overlapping
chunks

Visual [ ey | At the video (2117}, then (artr), |
‘ E - }—D Chunk #1 Chunk #2 Chunk #3 Chunk #4 Chunk #5 —)-i then :
e L ) [ S i

Extract A
visual

Attribute
embeddings Match textual with visual Sentence

embeddings

Deduplication

S

Origin ChatGPT Enriched
Lexicon Lexicon

Lexicon enrichment

Pucynox 4.6 — Ctpykrypa ruiku Video-to-Text, sika 115 3aJaHOT0 BX1AHOTO B1I€O FE€HEPYE

MOCJIIJIOBHICTh aTpUOYTIB 3a MONEPEIHHO BUBHAUYEHUM CJIOBHUKOM

4.3 AuaropurtM 30arayeHHs JJEKCUKOHY aTpuOyTIB

Tpagumiino HaOOpW AaHUX MJIA PO3MI3HABAHHS Ha BIJIEO OOMEXKYIOTHCS TEBHOIO
KUIBKICTIO KaTeropid, BHU3HAYEHUX MITKaMU Jisi JTaHOro Ha0Opy JaHux. Y KOHTEKCTI
ctpyktypu BIKE [78] MiTku 3 HaOOpy JaHUX MOXYTh BUKOPUCTOBYBATUCH BUKIIIOUHO JJISI
CTBOpPEHHS JIeKCUKOHY. OJHaK, sIK MOKa3ajlo MOCHIJKEHHS, MiAXiJ, SKUH MOKIAJA€ThCs
BUKJIIOUHO Ha IIeM OpuriHajdbHUN HAOIp MITOK, HaKJaJa€ MEeBHI OOMEKEHHS Ha 3JaTHICTh
Bi3yanbHO-MOBHUX Mojenedt (VLM), Ttakux sk InternVideo [80], reHepyBaTu
ypi3HOMaHITHEHHI aTtpuOytu Bigeo. ILlo0 ycyHyTm wne oOMeEXeHHS Ta pO3MIMPUTH
BApIATUBHICTh JOCTYIMHUX MITOK, 3alpPOMNOHOBAHO PO3UIUPIOBATH JIEKCHUKOH IIJISXOM
BUKOpHUCTaHHs AianoroBux LLM mopeneit, Takux sik ChatGPT. 3aBasiku 1ipbomMy aaroputMmy

30arayeHo JIEKCUKOH, KU Moxke OyTu Bukopuctanuit VLM nns renepaitii atpuOyTiB Ha
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Bizeo. el miaxig He TUIbKU MOJIMIIY€E OMUCOBI MOXJIMBOCTI VLM, ane i ciipusie renepaiiii
OUIbII JETAIBHUX 1 KOHTEKCTHO-PEJIEBAHTHUX aTpUOyTIB, IO CIHPUSAE MiABUIIECHHIO
MPOAYKTUBHOCTI pO3Mi3HaBaHHS Ha Bifeo. JleraibHa (¢dopmamnizailis 3anponoHOBAHO1

npolenypu 30aradyeHHs JIEKCUKOHY HaBeJeHa y BUIJIA1 IceBAoKoaY sK Jlictunr 4.1:

Jlictunr 4.1. 3anponoHOBaHUN aNTOpUTM 30araueHHs JEKCUKOHY aTpUOYTiB

Inputs: Dataset D, set dataset labels L = {Lq, L,, ..., L,}, Textual Embedding model M,
deduplication threshold 7.

/I Generate enriched labels

1. L, = {}// Initialize set of enriched labels

2. Foreach L; in L:
/I Preparing textual prompt for each label
2.1. prompt = “You are a domain expert in the {D} dataset, helping develop a labeling
system. Generate additional labels that will enrich {L;} label of {D} dataset. Format
output as comma separated labels.”
2.2. result = ChatGPT(prompt) // Generate additional labels
2.3. L,.add(result)

/I Deduplicate labels by semantic meaning
3.E, = {M(L;) for L; in L,}// Generate embeddings for each label
4. L, = {}// Initialize output labels
5.Forein E,:
5.1. distance = cosine (e, L,) // Calculate cosine distance for each pair
5.2. if all(distance) < 7:
5.2.1. L,.add(e)

Qutputs: list of enriched labels L,




111

AJTOPUTM MOYMHAETHCA 3 YITKO BU3HAYEHUX BXIJTHUX MapaMeTpiB: naracetry D, Habipy
mitok L = {Lq,L,, ..., Ly}, Momemni mjist hopMyBaHHS TEKCTOBHX BEKTOPHMX IPEICTaBIEHb M
Ta nopory aeayOmikamii T. Lli mapameTpu € (QikcoBaHUMM Ta 3aJaHMMHU Hamepen, 1o
3a0e3reuye BUBHAYEHICTh MOYAaTKOBUX YMOB.

Ha mepmomy kpoli iHIIIami3ye€Tbcsl MOPOXKHIA HaOIp pO3MHUPEHUX MITOK L,. Lls
omepailisi 00UKCIIIOBaHa Ta BUKOHY€ETHCS 32 KOHCTaHTHUM yac O(1).

Ha apyromy kpolli BUKOHYETHCSI IIUKJ MO KOXHIM MITII L; 3 MHOXUHU L. OCKIIbKU
Takux iTepallii 0yne n, ae n — KUIBKICTh MITOK Y L, uki mae ckinagaHicte O(n). Ha migkporrt
2.1 popmyeTbcsi TEKCTOBUM 3amuT JUIsl KOKHOI MiTkH. DOpMyBaHHS TEKCTOBOTO 3aIUTy €
omepartliero 3 nocTiiHow ckiaaguicTio O(1). Ha miakpor 2.2 BuknukaeTbes Moaenb ChatGPT
JUTsl TeHepallii 1oaaTkoBux MiTok. Yac 06poOku 3anuty 10 ChatGPT 3anexxuTs BiJ CKIaHOCTI
CaMoro 3anuTy, aje 0OMexXeHU! 3Bepxy yacoM Ha reHepailito 64000 BUXiAHUX TOKEHIB, a OTKE
CKJIaJIHICTh LIbOTO MiAKPOKY Oyae koHcTanTHOO O(1). Ha migkpoui 2.3 goaBaHHs pe3yiabTaTy
B L, BUKOHYEThCS 32 aMOPTU30BaHy KOHCTaHTHY ckianaHictb O(1). OTxe, Bci oneparii st
KpOKY 2 00UHCIIIOBaHI Ta MaloTh CKIaaHICTh O(N).

TpeTiit Kpok Mmojsirae B reHepalli BEKTOPHUX MPEACTaBICHb IJI1 KOXKHO1 MITKU B L, 3a
nonomororo wmozem M. T'eHepailii BEKTOPHUX TMPEACTaBICHb ISl KOXKHOI MITKH €
O00YHMCITIOBAHOIO0 Ta Ma€ CKIaaHICTh O(m - n), 1e m — cKIagHicTh Mojem M st oOpoOKH
OJIHOTO 3aIUTY.

Ha uerBepTOMy KpoOIlll 1HIIANI3Y€ETHCS MOPOXKHIA HAOIp BUXITAHUX MITOK L,. Lls
omepailisi 00UKCIIIOBaHa Ta BUKOHY€ETHCS 32 KOHCTaHTHUN yac O(1).

Ha n'sTomy KpoIll BUKOHYETHCS ITUKJI IO KOKHOMY BEKTOPHOMY TMPEJICTABICHIO € B E,.
OckinbkM Takux ITepauniit Oyae n, To mukia mae ckiaadicte O(n). Ha miakpomi 5.1
OOUYHCITIOETHCS KOCUHYCHA BIJICTaHb M1 BEKTOPOM e Ta BCIMa BeKTopaMu B L,. Skuio B L,
BXKE € ¢ BEKTOPIB, TO O0UHCIICHHS BificTaHi Mae ckiamaHicTs 0(q). Ha migkpormi 5.2 nepeBipka

BCIX BiJICTaHEW Ta J10JaBaHHS BEKTOpa B L, 3a yMOBHU, IO BCl BIJICTAHI MEHIII 3a T, Ma€
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cknagaicTs O (q). AMOPTH30BaHa CKIAAHICTh J01aBaHHs BeKTOpa 10 Habopy L, € O(1). Orxe,
BCl omepallii AJist KpoKy 5 004YHMCIIIOBaH1 Ta MalOTh CKIIaHICTh O(n - q).

OTxe, 3arajibHa CKJIaHICTh AITOPUTMY MOKe OyTu oriHeHa AK O(n + m'n + n-q)
=0mn X (1+m+qg)=0n x (m+ q)).

TakuM 4YMHOM, QJITOPUTM 3aBXKAHM 3aBEPIIYETHCA 3a CKIHUEHHY KUIBKICTh KPOKIB 1 €
00UYHCITIOBAIBLHO 3A1MCHEHHUM, OCKUIBKHA B aJITOPUTMI BIJICYTHI HECKIHUCHH] LIMKJIU a00 1HIII

NCPCIKOaAN OJIAd Horo 3aBCPIICHHA.

4.4 JlocaixkeHHs  BIUIMBY  3alPONIOHOBAHOIO  MiAXOAY /[JIsi HABYAHHSA

MYJbTUMOJAJBbHUX MOHeﬂeﬁ AJIA 3a1a4 pO3Hi3HaBaHHH Ha Bi)]eO

VYci excniepuMeHTaIbHI HOCTIKEHHS Oylu mpoBeneHi Ha Habopi nanux Kinetics-400
[57]. st excriepuMeHTIB BUKOPUCTAHO Bi3yallbHUM eHKojiep 3 Mozeni InternVideo [80] mins
1HIIami3alii Bar BizyanbHoi yactTuaun VLM. Ananorigyno, TekcToBuil enkozaep 3 InternVideo
[80] BUKOpHUCTOBYETHhCS MJiA 1HIMiami3amii Bar TekcToBoi uactuHu VLM. B  ycix
eKkcrepuMeHTax OyB BUKOPUCTAHMM MiAX1J 3 TMOCHIIJIOBHUM HaBUaHHSIM BIJIEOEHKOJEpa Ta
TEKCTOBOI'O €HKOJIEPa, 1110 YHEMOKIIUBIIIOE MTPo0IeMu 3 BHOyXOM a00 3aTyXaHHSIM I'PaJl€EHTIB
I1]1 YaC HAaBUYAHHS JaHUX MOJIEIICH.

[lin yac miArOTOBKHU BiJIEOJJaHUX OYyJI0O BUKOPUCTAHO METOJI PO3PIIKEHOT BUOIPKH, 110
BKJIIOYA€E CEMILIIOBAHHS MTEBHOI KUIBKICTI KaApiB, MO3HaYeHUX K 1 (Hampukian, 8, 16, 32), mo
MPEICTABISIOTh BCE Bifmeo. Y BCIX eKcmepuMeHtax Oyno Bukopuctano T = 0,85 mis
BUJIAJICHHS TyOIIKATIB MiCIsl 0OYMCICHb AITOPUTMY 30aradeHHs JIEKCUKOHY aTpuOyTiB. s
rUIKY niepeadadeHHs: aTpuOyTiB KOXKHE BiJieo Oyi0 po3AiieHo Ha 8 YacoBUX (PparMeHTiB, 1110
HE TEPEKPUBAIOTHCS, MO 16 KaapiB y KOXKHOMY, Ta MepeadadyeHo Bi3yalbHO-TEKCTOBOIO
MOJIEJUTIO aTPUOYT JJIsl JaHOTO (PparMeHTy 3 HalO1IBIIIOK BIEBHEHICTIO MOJIENI.

[IpoTOKON OIIIHKK TOYHOCTI MOJIENIi BUKOPHUCTOBYE CTPATETiI0 «KOB3HOI'O BIKHAY,
nomupeHuit B o0jacTi MpOrHo3yBaHHsS Ha Bigeo [71; 96; 177], mo nepenbdayae BUOIpKY

KUIBKOX KJIIMIB 3 JIEKUIBKOX KaJpiB HA OJHOMY BIJI€O AJIA JOCATHEHHS OUIBIIOI TOYHOCTI. 3
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METOI0 MOPIBHAHHS 3 THIIMMHU MiAX0JIaMH OYyJI0 BUKOPUCTAaHO KOH(PIrypalliro TeCTyBaHHSs, 110
BKJIIOYA€ YOTHPHU KIIIMHU 3 TPhOMA CETMEHTaMU, MO3HAYEHUMU SIK «View 4%3y.

VY tabnumi 4.1 HaBeAeHO pe3yJbTAaTU MPOBEIAEHOTO AOCIIKEeHHsS. Po3mip BXigHOTO
TEH30pa BKa3y€ Ha XapaKTEPUCTHUKU MOJENI — KUIBKICTh KaJpiB, sIKy BIH MpHilMae 3a OJUH
3aMycCK, Ta iX PO3MIPHICTh Yy MiKCeNsIX. XapaKTepUCTUKU BiKHA BKa3yIOTh HA KUIbKICTh YACOBUX
(dparMeHTiB, MO0 HE NEPEKPUBAIOTHCS, Ta KUIBKICTh KaApiB y KOXHOMY (pparMeHTi.
[IpoayKTUBHICTH BKa3y€ HA OOUUCIIOBAIIBHY CKIIAJIHICTh METOY. SIKII0O METOJ] 3aITyCKAE€ThCS
Ha JIEKUIbKOX BIKHAX, TO BIAMOBIHA KUIBKICTh BIKOH BKa3YETHCA K JOJATKOBUM MHOKHHUK.

Ta6muns 4.1 — IlopiBHSHHS p13HUX METOMIIB JIJIs IETEKIIi1 A1 Ha BiZleo HA HAOOP1 JaHUX

Kinetics-400 [57]

Metoa Po3mip Top-1 | Top-5 | Xapak |O0uncamw | [Tapame
BXiZIHOT0 (%) (%) |Tepuer| oo o TPH,
TeH30pa nKa ) 10°
Bikpa | CIAAHIC
Th,
GFLOPS

NL I3D-101 [181] 128x2242 77,7 93,3 | 10x3 | 359x30 61,8
MVFNet[110] 24x2242 79,1 93,8 | 10x3 | 188x30 .
TimeSformer-L [116] 96x2242 80,7 94,7 1x3 | 2380x3 121,4
ViViT-L/16x2 [65] 32x3207 81,3 94,7 4x3 | 3992x12 | 310,8
VideoSwin-L [66] 32x3842 84,9 96,7 | 10x5 | 2107x50 | 200,0
MeTtoau, sKi onepeIHbO HABYEHI HA BEIMKUX HaOOpax JaHuX
ViViT-L/16x2 [65] 32x3207 83,5 95,5 4x3 | 3992x12 | 310,8
ViViT-H/16x2 [65] 32x2242 84,8 95,8 4x3 | 8316x12 | 647,5
TokenLearner-L/10 [182] 32x2242 85,4 96,3 4x3 | 4076x12 450
MTV-H [183] 32x2242 85,8 96,6 4x3 | 3706%x12 -
CoVeR [184] 16x4482 87,2 - 1x3 - .
Metoau Ha 6a3i VLM, sKki nonepenHb0 HaBUEHI HA BEIMKUX HAOOpax JaHUX
CoCa ViT-giant [70] 6x2882 88,9 - - - 2100
VideoPrompt ViT-B/16 [77] | 16x2242 76,9 93,5 - - -




[IponoBxenus Tabmmiii 4.1
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Meton Po3mip Top-1 | Top-5 | Xapa | IIpoayk | ITapam
BXiIHOT0 (%) (%) | KkTepu | oo | €TPH,
TeH3opa CTHKA 106
BiKHA b,
GFLOP
S
ActionCLIP ViT-B/16 [178] | 32x2242 83,8 96,2 | 10x3 | 563x30 141,7
Florence [81] 32x3842 86,5 97,3 4x3 - 647
ST-Adapter ViT-L/14 [175] | 32x2242 87,2 97,6 3x1 2750%3 .
AIM ViT-L/14 [176] 32x2242 87,5 97,7 3x1 3736x%3 341
EVL ViT-L/14 [185] 32x2242 87,3 - 3x1 | 2696x3 .
EVL ViT-L/14 [185] 32x3362 87,7 - 3x1 9098x3 .
X-CLIP ViT-L/14 [56] 16x3362 87,7 97,4 4x3 | 3086x12 .
Text4Vis ViT-L/14 [179] 32x3362 87,8 97,6 1x3 | 3829x3 230
BIKE ViT-L/14 [78] 32x3362 88,6 98,3 4x3 | 3728x12 230
InternVideo-T [80] 32x3362 91,1 99,0 4x3 | 1434x12 | 1300
Attr4Vis 32x3362 91,5 99,2 4x3 | 1434x12 | 1300
(BanmpomonoBaHuiA)

Sk BumHO 3 Tabmuimi 4.1, 3ampONMOHOBAHM METOJ Jocsarae OUIBIIOT TOYHOCTI

pO3MI3HaBaHHs Ha BIJEO Y NOPIBHIHHI 3 ICHYIOUMMHU METOIAMH 1 IIPU IIbOMY MTOTpeOy€e MEHILIE

0OYHCIIEHb JIJIs1 TOCSTHEHHSI pe3yJIbTaTiB.

[IpoBeneHe ekcepuMEHTalIbHE MOCHIIKEeHHs (Taduuis 4.2) MiAKPECIOe BaXKIUBICTh

3alpONOHOBAHOTO METOAY JJIsl TeHEepallii IeKIIbKOX aTpuOyTIB AJis aHai3y Bijeo. [IpuunnHoro

LBOTO € TE, 1110 JaHUH MIAX11 103BOJs€ €()EeKTUBHO KOAYBATH 3 BUCOKOIO JETAII3AIlIEI0 3MIHU

aTpuOyTIB B 4aci, M0 B CBOI YEPry MNPU3BOAUTH M0 MIJBUIIEHHS TOYHOCTI BEKTOPHUX

pernpe3eHTalliif, 3reHepoBaHUX MOBHUMH MOJEISMH, Ta IMABUILCHHS SKOCTI PO3IM3HABaHHS

OTIH.



Tabnuug 4.2 — BiiiuB NporHo3yBaHHA J€KUIBKOX aTpUOYTIB Ha TOUYHICTb.

Ilipxin Views Top-1 (%)
be3 nporuo3yBanHs aTpuOyTiB - 91,1%
[IporHo3yBaHHS OJHOTO aTPUOYTY 1x16 91,3% (+0,2%)
4x16 91,4% (+0,3%)
[Iporno3yBaHHs IEKIIbKOX aTpuOyTiB 8x16 91,5% (+0,4%)
16x16 91,5% (+0,4%)
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AHaJi3 3apoIOHOBAHOT0 AIrOPUTMY 30araueHHs JIEKCUKOHY Ha SIKICTh pO3I13HABAHHS

Ha B1JI€0 y MOPIBHSAHHI 3 MIAX0JI0M, SIKHI BUKOpUCTOBYE Kateropii 3 ImageNet [1] ta Kinetics-

400 [57], naBeneno y Tabnuii 4.3.

Tabnuis 4.3 — BB pi3HUX JIGKCUKOHIB Ha TOYHICTh MOJIEII

JlekcukoH

Top-1 (%)

be3 nporuo3yBanHs aTpuOyTiB

91,1%

ImageNet-1K [1]

90,3% (-0,8%)

Kinetics-400 [57]

91,4% (+1,1%)

3anponoHOBaHUI aIrOPUTM 30araueHHs! JIEKCUKOHY

91,5% (+0,1%)

3 Tabuuui 4.3 MOXHa 3pOOMTH BHCHOBOK, III0 BUKOPUCTaHHS JOBLIBHOTO JIEKCHKOHY

(ImageNet-1K [1]) mpusBoauts a0 mnoripmieHHs sikocTi Ha 0,8%, ane BHKOPUCTAHHS

JIEKCUKOHY 3 Ha0Opy JJaHUX, Ha IKOMY BUKOHY€EThCS ITporuo3yBanHs (Kinetics-400), miaBumrye

axicTh Ha 1,1% HaBITh 3a yMOBH, IO KiIBKICTh aTpuOyTiB MeHia (400 y nopiBusanH1 3 1000).

JonaTkoBo 0yJI0 AOCIIIKEHO BAXKIIMBICTh aCMEKTY 1HIIIami3aii kiacudikaropa B Tl

Text-to-Video, kpoky, skl BiJiirpae KJIHO4oBYy poib y ontumizaiii ctpykrypu BIKE [152].

3MiHa miaXoay 110 iHimianmi3zamnii knacudikaropa B ruii Text-to-Video qo3Bonumna BiIMOBUTHCS

B MexaHi3My Video Concept Spotting — ofHi€l 3 HalickiIaaHIKUX YacTuH apxiTekTypu BIKE
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[152], mo 103BOJIMIIO TaKUM YMHOM crpoctutu apxitektypy BIKE [152] Tta ymoxnuBuTU
1HTErpallio 3anpornoOHOBAHOIO MiAXOY B ICHYIOUl apXITEKTypH Bi3yaIbHO-MOBHUX MOJEIIEH
0e3 3MiH y 0a30BUX BI3yaJIbHO-MOBHUX MOJIENsAX. Pe3ynbTatu aHaiizy 3 BUKOPHUCTaHHSAM
pi3HUX 1HIimiami3amiil kinacugikTopa, 0a30BUX apXITEKTyp BI3yallbHO-MOBHUX MO/IETEH,
MPOTHO3YBaHHS aTpUOyTIB Ta 3alIPONOHOBAHOI0 AJITOPUTMY 30arayeHHs JEKCUKOHY HaBEJIEHO
B TaOiumi 4.4.

Tabnuns 4.4 — BruinB pizHHX KOMIOHEHTIB B Tl Text-to-Video Ha gkicTh miaAXoay

3mina Top-1 (%) Ta npupict
BITHOCHO MomnepeIHbOoL
3MiHHU
BIKE [152] 88,6%
3mineHo Heipomepexy Ha InternVideo-T [80] 90,6% (+2,0%)
Homano Text4Vis initialization [179] 90,8% (+0,2%)
[Tpu6pano Video Concept Spotting 3 BIKE[78] 91,2% (+0,4%)
Jlomano nmporHo3yBaHHs AEKUIbKOX aTpuOyTiB 91,4% (+0,2%)
Jlomano anroput™ 30aradeHHs JICKCUKOHY 91,5% (+0,1%)

4.5 BuCHOBKH 10 po3ainy

VY nanomy po3auni mpeAcTaBiIe€HO 1HHOBAIIMHUM miaxia Attr4Vis, sikuil HaniieHu Ha
BJIOCKOHAJICHHS MepeJlayul 3HaHb MIXK Bi13yaJIbHUMU Ta TEKCTOBUMHU MOJIAJIbHOCTSIMU B13yaJbHO-
MoBHUX (VLM) HelpoHHMX Mepex s MIJBHUIINEHHS TOYHOCTI PO3MI3HABaHHS Ha BIJIEO.
[TinkpecieHo BaXKIUBICTh reHepallii JEKUIbKOX aTpUOYTIB JJIsl MiABUIIIEHHS TOYHOCTI pOOOTH
MeToay. JloBeIeHO eKCIIepUMEHTANIBHO, 10 IeH MIAXi] 103Bos€ €(DeKTUBHO KOTYBaTH 3MIHU
aTpuOyTIB 3 4YacoM, CHPUAIOYM TaKUM YHWHOM OLIbII TOYHOMY THIPEJICTABIECHHIO Ta
po3mni3zHaBaHHIO oAiN. [IpencraBieHo HOBUN AITOPUTM 30araueHHs JIEKCUKOHY, MPU3HAYECHUN

IUTS PO3ILIMPEHHSI MAacUBY aTpUOYTIB, IIOB A3aHUX 13 BlaeogaHUMHU. 1le po3mupeHHs 30UIbIIYE
y YTIB,
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MO>KJIMBOCTI JIJIsl PO3Mi3HABaHHSA aTpuOyTIB Y HA00pax BiI€OJaHUX, TUM CAMHUM IOJIIIIYIOYU
OMMUCOBI MOKJIMBOCTI BI3yaJIbHO-MOBHUX Mozeneil. Kpim Toro, 0ysio J0CHiI)KEHO BaXJIUBICTh
acrekTy iHiIanizaiii kiacudikaropa B rutl Text-to-Video Ta Bugasenns mexanizmy Video
Concept Spotting, 1110 J03BOJIMIIO ONTUMI3YBaTH CTPYKTYpy niaxony BIKE [78] ta niaBummTu
SAKICTh PO3MI3HABAHHS.

3anponoHoBaHuil miaxig Attr4Vis, 00’eIHy0YM BCl BUIIE3rajJaHi 1HHOBAIlI, JOCITa€e
touHocTl 91,5% Top-1 Ha Habopi nanux Kinetics-400, 1110 € OUIBII BUCOKUM pPE3yJIHTATOM Y
MOPIBHSIHHI 3 ICHYIOUUMHU M1X0/1aMH. 3alpONOHOBAHUM MiIX1]l MA€ ITUPOKI NEPCIIEKTUBU IS
BHUBUYEHHS Mepe/layl 3HaHb MK BI3yaJbHOIO Ta TEKCTOBOIO MoJaidbHOCTsIMU VLM Moneneii ta
OJIHOYACHO M1JIBUIILY€ TOYHICTh PO3Ii3HABAHHS aTpUOYTIB.

Jan1 pesynpTaTu Oynu omyOiiKOBaHI y HayKOBOMY XypHaii International Journal of

Computing [180].
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S5 APXITEKTYPA TA KOMIOHEHTHU HPOI'PAMHOI'O
3ABE3INEYEHHSA 111 ABTOMATH3ALI ITPOLIECY
PO3MITKHU BIJEOJAHHUX

5.1 IHCTpyMEHTH PO3MITKH 300pakeHb

VY cdepi TeXHOMOTII KOMIT FOTEPHOTO 30py THCTPYMEHTU PO3MITKH 300pa’K€Hb MAIOTh
KJIFOYOBE 3HAYEHHS, CYTTEBO CIIPUSIOUYM TOUHOMY MapKyBaHHIO Ta MO3HAYEHHIO TETraMU JTAHUX.

Opranizanii, skl OparHyTb €(EKTUBHO KEPYBATH CBOIMHU JIaHWMH, MAIOTh JOCTYIHUMN
IUPOKUN HalIp MporpaMHUX 3ac001B po3MiITKU 300paxeHb Takl Ak V7, LabelBox, Keylabs,
LableMe Ta inmni. @yHKIIIOHAIBHI MOKIIMBOCTI IIUX 1HCTPYMEHTIB OXOIUTIOIOTh P13HOMAaHITHI
(GyHKIII1, Taki SIK MO3HAYEHHS 300pa’KeHb 1 B1JI€0, TEKCTOB1 pO3MITKHU Ta TO3HAYEHHS ay/Iio.

TounicTh HAOyBa€ MEPHUIOUEPTrOBOTO 3HAUCHHS B MIPOEKTAX PO3MITKH 300pakeHb 4epe3
il 3HAYHUI BIUIMB Ha SIKICTh HA0OPIB JaHUX Ta €()EKTUBHICTH MOJEJICH MAaIlIMHHOTO HaBYaHHSI.
OTxe, MPIOPUTETHICTh BUKOPUCTAHHSA MOTY>KHHMX 1 TOYHUX IHCTPYMEHTIB PO3MITKU CTa€
000B’I3KOBOIO.

ABTOMaTU30BaHUN 1HCTpYMEHT po3MiTku V7 [186] cmopolnye mnponec po3MITKU
300paxeHb IJii TaKUX 3aBJaHb, SIK CETMEHTallisl 300pa)keHb, Kiacudikailis 300pa’keHb 1
kiacudikaiis aii Ha Bimeo Tomo. V7 3abesneuye 3pyuHuit iHtepdeiic (puc. 5.1) 1 HUBKY
IHCTPYMEHTIB ISl PO3MITKH, III0O0 CHPOCTUTH MPOLIEC PO3MITKHU Ta MiJBUIIUTH TOYHICTh. 3a
J0TIOMOT0I0 V7 KOpUCTyBadl MOKYTh KOMEHTYBaTH HaOOpU JAaHUX, KEPYBATH PO3MITKOIO,

TPEHYBATH MOJIEJI1 Ta CIIBIPAIIOBATH 3 WICHAMHU KOMaH/IM B MEXaX OJIHI€] IaTdhopMHu.
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Pucynoxk 5.1 — KopuctyBaubkuii inTepderic V7 [186]

o nepesar nporpamuoro 3acody V7 BigHocsThes [187]:

- MOKJIMBICTh pO3MIiYaTH 300paK€HHs IS 3aJaHUX KJIACIB Ta HABUYATH MOJENI IS
3aJJaHUX KJIaClB;

-  MOXJIMBICTH TOYHO U IIBUAKO PO3MITUTH OyIb-sKI O0’€KTH 3a paxyHOK
BUKOPHUCTaHHS 1HCTPYMEHTIB I PO3MITKH, TaKuX SK OOMEXKYBaJIbHI pPaMKH,
0araTOKyTHUKH, KJIIOYOBI TOYKM Ta KapKacHI I1HCTPYMEHTU I BUKOHAHHS
PI3HOMAaHITHHMX 3aBJaHb MO0 Ail 3 00’ €KTaMH;

- MOXJIMBICTh PO3MIYaTH 00 €KTH Ta PETIOHU 3a JOIMOMOIOI0 0AraTOKyTHUKA, SIKUN
Ja€ 3MOT'y TOYHO ONMCATH CKIagHl (GopMH Ta MexXl Oyab-IKOro o0’€kTy, Ta
BUKOPHUCTOBYBAaTU Taki (QYHKI, K NPUOIMKEHHS 300pakeHHS Ta MDKpIBHEBa

CHUHXPOHI3aIlisl PO3MITKH;
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-  MOXJIMBICTh aBTOMATH30BAaHOTO CTBOPEHHS CEMAaHTHUYHOI CErMeHTalii Ha
300paX€HHSIX Ha OCHOBI iH(OpMallii, BBEJIEHOI KOPUCTYBaveM;

- MOXJIMBOCTI KEpyBaHHS JaHUMH, BKJIIOUAIOUM KEpyBaHHA HabopaMu JaHUX,
KOHTPOJIb BEPCIH Ta 3aBAaHTAKEHHS JaHUX y pI3HUX dopmaTax;

- MOKJIMBOCTI JIJIsi CHUIbHOI poOOTHM HAJ PO3MITKOI HA0Opy AaHUX MM KUIBKOX
PO3MITUYHUKIB 32 paXyHOK B1JICT€KYBaHHS 1HAMBIAYaJbHOI IPOJTYKTUBHOCTI, aHAIII3Y
BUKOHAHOI PO3MITKH Ta MOIIMPEHHS BIATYKIB YCIX YYaCHUKIB IIPOLIECY;

- MIUPOKHM crekTp (opMariB JaHUX 300pakK€Hb 1 PO3MITKH, BKJIIOUAIOYU HAOOpHU
JAHUX MAarHITHO-PE30HAHCHOI Tomorpadii, y momyiasipHuUX (opMmarax, TaKUX SK
COCO, Pascal VOC1YOLO;

- iHTerpaiis 3 xMapHumu miarpopmamu, Takumu sk AWS, Google Cloud 1 Azure, 110
Jla€ 3MOTy BHUKOPHUCTOBYBAaTH MAacCIITa0OBaHICTh 1 PECYpPCH, SKI MPOMOHYIOTH Iii

maThopmu.

Otxe, V7 w™ae HaWBUIII TOKAa3HUKU €(PEKTUBHOCTI, (PYHKIIOHATBHOCTI Ta
dbopmatyBanHs pganux. lIpore, meil mporpamuuii 3acid m03BoJisie po3MiTUTH juiie 100
OJIMHUI JTaHUX O€30IUIaTHO, 10 € 3HAYHUM OOMEXKEHHSIM MJii JaHOTO JUCEPTAIIMHOIrO
JOCIIKEHHS, ToMy V7 He OyB BUKOPUCTaHUU.

LabelBox — 1mie matdopma i1 po3MITKH JaHUX, 30KpeMa JJis MoTped MamnHHOTO
HAaBYaHHS Ta MPOEKTIB KOMIT IOTEPHOTO 30pYy, L0 MPOMOHYE YHIBEPCAIbHUU Ta 1HTYITUBHO
3po3yminuii inTepdeiic (puc. 5.2 [188]). Lleit nporpamuuii 3acid miATpUMy€e pi3Hi popmaTu
nanux, Taki sk JPEG, PNG, BMP 1 TIFF, 3a6e3nedytoun CyMiCHICTb 13 IIUPOKUM J11alla30HOM
¢aiinie 300paxkens. [lnargopma Hamae HU3KY (QYHKIN, TPU3HAYCHHUX ISl IM1ABUIIECHHS
€(heKTUBHOCTI Ta TOYHOCTI PO3MITKU. OJIHIEI0 3 OCOOJMBOCTEN € 3MATHICTH MIATPUMYBATH
MapKyBaHHS K JJisl 300pa)keHb, TaK 1 IS BiJIEO, BPAXOBYIOUU PI3HOMAHITHI MOJAIBHOCTI

Bi3yasibHUX AaHuX. Kpim Toro, LabelBox mMicTuTh (hyHKIIIT TEKCTOBOT PO3MITKH, L0 JT03BOJISIE
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pO3MIYaTH TEKCTOBI €JIEMEHTH B MeXax MaHuX. Lled miaxim 10 po3MITKHM Ma€ KIHOYOBE
3HAQYEHHS JUIsl BUPIIIEHHS CKJIQIHUX 3aBJaHb MAIIMHHOTO HAaBYaHHS.

Ha pomarok no uux ¢ynkmii, LabelBox MICTUTh MOXKIMBOCTI CEMaHTUYHOI
CerMeHTallil, 10 T03BOJISIE JETATLHO OKPECIUTH Ta PO3MITUTH MEX1 00’ €KTIB Ha 300pKCHHSX.
Ile monermye CTBOpPEHHSI BHCOKOSIKICHUX HaOOpIB JlaHMX, HEOOXIJHUX JUIsi HABUYAHHS

CKIagHUX MOI[CJ'ICfI MAaIlTMHHOI'O HaBYaHH:.

Classification
Tools panel
menu 100 Skip  Save LIS
ocls
3

Progress
. bar
Annotations

menu

s

Pucynok 5.2 — KopuctyBaubkuii inTepderic inctpymenty LabelBox [188]

Inctpymentu LabelBox mist cniiibHOT poOOTH Ta KEpyBaHHSI MPOEKTAMU CHPUSIOTH
MOCTIMHOMY CIUIKYBAaHHIO Ta KOOpJWHAII MDK PI3HUMH pO3MITYMKAMHU JaHUX Ta
3aIfikaBjieHUMH cTopoHamu. [Ipu npoMy miatdopma Hagae MPIOPUTET TOYHOCTI CTBOPEHHS
po3miTku. OTxe, naHa miatdopma € OAHIEI 3 HAWOUIbII ePEeKTUBHUX, (DYHKI[IOHATBLHUX Ta
YITKO CTPYKTYPOBAaHHMX 1HCTPYMEHTIB, BIJMOBIIal0YM MOTpeOaM CTBOPEHHS MOJENIeH Pi3HUX

MacmitaOiB. Ilpore, HasgBHI 3HA4YHI OOMEXKEHHS 100 OE3KOIITOBHOIO BUKOPUCTAHHS
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LabelBox, dxi nmossraroTs y JdiMiTI po3MiTku aAaHux y 10000 onuHuub, ki, 6€3 CyMHIBY,
MPEACTABIISIIOTh CYTTEBE OOMEXEHHS NIl TOCHIKEHb, 110 € MPEeIMETOM JaHOl JucepTarlii.
Tomy LabelBox He OyB BUKOpUCTaHUI.

[Tporpamuuii 3aci6 qis po3mitkn ganux Keylabs [189] npononye Husky QyHKUin ams
npoBeJieHHs mpoiiecy po3MiTku. KopuctyBanpkuit intepderic Keylabs HaBeieHO Ha pUCYHKY
5.3 [189]. Keylabs BupizHseTbCs €PEKTHUBHICTIO, (DYHKI[IOHATBHICTIO Ta (POopMaTyBaHHSAM

JaHuX, CTBOPIOIOYH ONITUMAaJIbHI YMOBU JJIA CTBOPCHHA Ta BAOCKOHAJICHHA MOI[CJ'ICfI

MAaIllMHHOI'O HaBYaHHA B pi3HI/IX MacmTadax.

Pucynok 5.3 — KopuctyBaubkuii inTepdeiic inctpyMmenta Keylabs [189]

3 Touku 30py GyHKIH, nmporpaMuuil 3aci6 Keylabs neMoHcTpye BHCOKI MOKa3HUKHU
€(PEeKTUBHOCTI y BHKOHAaHHI 3aBJaHb CEMaHTHUYHOI CErMEHTallli, OCOOJIMBO 3aCTOCOBHUX Y
chepi MenuuHoi Bizyamizaiii. Lleit mporpamuuii 3acid Hajlae MOXIIMBICTh PO3MIYATH IIUPOKUMA

CHEKTp THUIMIB JaHUX, BKJIIOYAKOYM 300pa)K€HHs, B1€0, TeKCTH Ta ayaio. Keylabs miarpumye
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pizHOMaHITHI (hopmaTu nanux, Taki sk JPEG, PNG, BMP 1 TIFF, noneruiye npouec cTBOpeHHSs
po3MiTKU 0€3 HEeOOXi1THOCTI MOMEPEAHHOTO MEePEeTBOPEHHs AaHuX. KpiM TOro, TOYHICTH Ta
AKICTh CTBOPEHOI PO3MITKM € JOCTaTHhO BHUCOKUMHU. Creniaii3ylouuch Ha 3aBIaHHAX
CerMeHTallil, 0 BUMararTh BHCOKOI TouHOCTi, Keylabs mae mepeBaru y cdepi po3miTku
MEIUYHUX 300pakeHb. OJIHAK CIiJ BU3HATH, 110 3aCTOCOBHICTh Keylabs Ta iioro ekoHoMiyHa
e(hEeKTUBHICTh MOXYTh 3QJICKATH B1J] XapaKTEPy PO3MITKH.

TakuM YMHOM, MOXXHa 3pOOWUTH BUCHOBOK, IO mnporpamHuit 3acid Keylabs mae
mocepeqHi pe3yibTaTd MOA0 (YHKIIOHATBHOCTI, €(EeKTUBHOCTI Ta (opMaTyBaHHS
pe3yabTatiB poooTU. BiICyTHICTH MOXIMBOCTI KOPUCTYBATUCA HUM 0€3 MONEPEAHBO1 MOKYTIKU
poOUTH HOTO TakuM, IO HE MIAXOJIWUTH [Jii BUKOPUCTAHHS B paMKax IUCEPTAIIHHOIO
IOCIIIKEHHS.

[Iporpamuuit 3aci0 Labellmg [190] nmpencrapisie co00t0 OE3KOMITOBHUN BIIAKPUTHI
IHCTpYMEHT MpU3HAYECHUM JJIsI TPOBEJECHHS PO3MITKH 300pa’kKeHb Ta BUAUICHHS 00'€KTIB Ha
HUX, SIKUW peayizoBaHMil Ha MOBI mporpamyBaHHs Python. Pe3ynbrar po3miTkun moxe OyTu
30epexxennit 'y Burisal XML-gaiiniB, ananoriunux ¢opmaty PASCAL VOC. Labellmg
3a0e3Meuye MOKIIMBICTh CTBOPEHHS OOpaMIISIIOUUX MPSIMOKYTHUKIB JUIsl PO3MITKH O0'€KTIB,
BUKOPUCTOBYIOUHU rpadiunuii iHTepderic Qt, sskuif mpoiToCcTpOBaHO HA pUCYHKY 5.4 [190].

[ToyaTtox pobGotu 3 Labellmg mnepenbavyae meBHUI piBEHb TEXHIYHOI 0013HAHOCTI,
30KpeMa HEOOXITHUMH € HaBUYKM BUKOPUCTAHHS KOMAaHIHOTO psiaka. [[7si BCTaHOBIICHHS
Labellmg noTpiOHO BBECTH y KOMaHIHOMY PSAJIKY KOMaHIy JJIsl MAKETHOI'O MEHEIXepa pip
"pip install labellmg". Ilicnst BcTanoBneHHs, kepyBaHHsa Labellmg 3pilicHioeThcs yepes

KOMAHHHH PSJIOK.
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Pucynoxk 5.4 — KopuctyBaubkuii inTepderic inctpymenty Labellmg [190]

[Iporpamuuii 3aci6 Labellmg € epekTUBHUM THCTPYMEHTOM JIJIsi HEBETUKUX KOMITaHIH,
OCKUIBKHM JIO3BOJISIE PO3IOYATH TMPOIEC PO3MITKH JaHUX O€3 CTBOPEHHS CKIagHO1
1HQpacTpyKTypu Ta mMpaleBIalITyBaHHS NEPCOHANTY, CIPOMOXHOTO YTPUMYBaTH 1ii B
pobouomy ctaHi. [HTepdeiic Labellmg Bif3zHauaeThCs IHTYITUBHICTIO, 110 MOJIETIIYE MOYATOK
npoiiecy po3MiTku AaHux. OJHAK cepel HEOJIKIB JaHOTO0 1HCTPYMEHTA MOXHA 3a3HAYUTH
BIICYTHICTh CUCTEMH BEPCIOHYBAaHHS PO3MITKH Ta CKJIQJHOIIl MPHU PO3MITI 300pakeHb 13
BEJIUKOIO KUTBKICTIO KaTeropiii a0o 00'€KTiIB.

TakuM YHWHOM, JaHUW NOporpaMHUNA 3acid OTpUMYy€ HAWHMKYI TOKA3HUKU 3
(YHKIIIOHATBHOCTI, €(PEKTUBHOCTI PO3MITKU Ta KUIBKOCTI MiATPUMYBaHUX (hOpMaTIB JaHUX.
[Iporte, Ha BIAMIHY BiJ BUIIE3araJjaHUX 1HCTPYMEHTIB, BIH O€3KOIITOBHUM, III0 POOUTH HOTO

OJIHUM 13 KaHJUJIaTIB HA BUKOPUCTAHHS B paMKax JAUCEPTAI[IHHOTO TOCITIKEHHS.
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[Iporpamuuit 3aci6 LabelMe [191] po3poOnenuit sik rpadiuyHUlA 1HCTPYMEHT 13
BIIKPUTUM KOJIOM, IEPEBAKHO HAMMCAHUM Ha MOBI IIporpamyBaHHs Python, 1o no3uiionye
HOro sk yHIBepcajbHE PILIEHHS ISl PO3MITKHA 00’€KTiB Ha 300paxeHHsAX. OaHi€0 3 HOro
nepeBar € 3JaTHICTh 30epiratu po3miTKy B Qaitimax XML, y3romxkyroun ix 13 ¢opmartoM, 110
Haranye cragapapt PASCAL VOC.

3aranpHuit  guzaitn  (puc. 5.5 [191]), 1 dyukumionan LabelMe cnpsimoBani Ha
ONTHUMI3alll0 TPOLECY PO3MITKH, OCOOJMBO y NPOEKTAX, MAJIA SIKUX IIBUAKANA IMOYaTOK
PO3MITKH JaHUX Ma€ BHUpIIalbHE 3HaUeHHA. Bu3HauHoo ocobnuBicTio LabelMe € 3naTHiCcTh
CTBOPIOBATU OOMEXYBaJbHI paMKH, MOJETIIYIOUM pO3MITKY OO €KTIB 4epe3 rpapiaHuil
iHTepdeiic, mo peanizoBanuit 3acobamu Qt. Lleit rpadiunuit iHTEepPeiic 3adbe3neuye 3pyunHy

THTYITUBHO 3pO3yMIJIy B3a€EMO/IIO TOCIHIIHUKIB T PO3MITUYHKIB JaHUX.

% labelme - C:/Users/admin/Desktop/dog,pg
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Pucynok 5.5 — KopucryBaupkuii intepdeiic inctpymenty LabelMe [191]
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[[lo6 po3mouatu BukopuctanHs LabelMe, moTpibeH 0a30BUil PIBEHb TEXHIYHUX
HaBUYOK, BKJIFOUAIOYU 3HAHHS KOMAHJHOIO Psifka. [HCTpyMEHT MOHa JIETKO pO3TOPHYTH 32
JIOTIOMOT 010 MeHeIkepa nakyHkiB Python pip, 3a nonomororo komanau «pip install LabelMey.
[Ticns BctanoBneHHs LabelMe crae poctynmHum uepe3 KoMaHaHuil psigok. LabelMe
BUJIJIIETBCSA CBOEI0 MPOCTOTO, IO JA€ 3MOrY IIBHAKO PO3YMITH HOro (yHKLIOHAIbHI
MOXJIMBOCTI Ta 1HIIIIOBAaTH PO3MITKY JaHuX. Pa3om 3 TUM, CiiJ] BUBHATU NEBHI OOMEKEHHS,
30KpeMa BIJCYTHICTb KOHTPOJIIO BEpCii Ta MpoOJieMH 3 PO3MITKOIO 300pa)KeHb 13 3HAYHOIO
KUIBKICTIO KaTeropii 00’ektiB. He3Bakatoum Ha 11 oOmexenHs, LabelMe e moctatHbo
e(heKUTBHUM IHCTPYMEHTOM PO3MITKH, MOJETIIYIOUYH pOOOUHil MpolieC PO3MITKH 300pa’KeHb.

Buxoasun 3 ychoro BUIIE3rajaHOrO MOXHa 3pOoOWMTH BHUCHOBOK, o LabelMe mae
nocepeHe 3HAYCHHSI (PYHKIIOHAIBHOCTI Ta BY3bKHI CHUCOK MIATPUMYBAaHUX (PopMartis,
0COOJMBO BiZICO, MPOTE € MOBHICTIO 0€3KOMTOBHUM. OCKIUIBKU (DYHKIIOHAJIBHOCTI TaHOTO
IHCTPYMEHTY HE JOCTATHbO, 1100 OpraHi3yBaTH €(heKTUBHUI MPOLEC PO3MITKH BIJEOJaHUX, TO
BIH HE OyB BUKOPUCTaHUM.

IIporpamumit 3aci6 Label Studio [192] € xoMmmiekcHOIO MIATHOPMOIO ST PO3MITKH
JAHUX 13 BIAKPUTUM BUX1THUM KoA0M. [{eli mporpamHuuii 3acid BUPI3HAETHCS YHIBEPCATBHICTIO
Ta HaAiiHUM HaO0oOpoM (YHKIIM, CIyrye s pi3HUX THUITIB PO3MITKH, BKIHOYAIOYU
Kiacudikaiio 300pakeHb, JETEKII0 Ta CErMEHTalll0 00’€KTIB, Ta HaJA€ IMIMPOKUN HaOIp
¢dbopmartiB po3MmiTku, Taki sk JSON, XML Ta 1H111, 10 NOJETIIye IHTETPallilo B pI3HOMaHITHI
KOHBEEpU Ta poOodYl mpoliec MamuHHOrO HaBuyaHHs. KirouoBa mepeBara Label Studio
MoJIsirae 'y MIATPUMIII aKTUBHOTO HAaBYaHHSA, HAJAl0ud 3aco0U JJisi PO3yMHOro BHUOOpPY Ta
PO3MITKH THX JAHMX, K1 BaXKJIUBI JJISI MABUIIECHHS TOYHOCTI MOJEII MAllTMHHOTO HaBYaHHS.
Ile cnpusie ToMy, IO NPOLIEC PO3MITKH KEPYETHCSI JAHUMU, 1110 PO3MIYAIOTHCS, ONMTUMI3YIOUU
BUKOPHUCTAHHS PECYPCIB 1 MPUCKOPIOIOYH MPOIEC HABYAHHS MOJIENI.

Ha nonatok, Label Studio Bupi3Hsi€TbCSI MacITaOOBaHICTIO, IO JTO3BOJISIE €PEKTUBHO
po3miuaTh BeaWKl Habopu maHux. I{g macmTaboBaHICTh JOMOBHIOETHCA HAAIMHOIO Ta

PO3ILIMPIOBAHOIO0 apXITEKTYPOIO, IO JIa€ 3MOTY aJlalnTyBaTH 1IHCTPYMEHT JI0 BUMOT MPOEKTY.
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Kpim Ttoro, Bigmanicte Label Studio npuHummmaM BiAKPUTOro BHUXIAHOTO KOAY CIIpUsE
CHIBIIpalll, 320X04YYIOUH KOPUCTYBaudiB OOMIHIOBATHCS pOOOYMMHU MPOIIECAMU, PO3LIUPEHHIMHI
Ta HallKpaluMU paKTUKaMHU.

InTepdeiic Label Studio, sikuit 300paxkeHo Ha pUCyHKY 5.6 [192], mponoHye IHTYITUBHO

3pO3yMLJIe CEPEIOBULIE, SIKE CIPUsIE €PEKTUBHOMY IIPOBENCHHIO PO3MITKU JaHUX.

I:] Label Studio — Projects / Video Example-25 / Labeling Settings DE
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Pucynok 5.6 — KopucryBaupkuii intepdeiic incrpymenry Label Studio [192]

OxpiM OCHOBHMX (PYHKIIIH 1HCTPYMEHTIB pO3MITKH, nporpamuuii 3acid6 Label Studio
MICTUTh TaKOX 1HCTPYMEHTH JJI1 CHUIbHOI POOOTH, SIKI JO3BOJISIIOTH KITBKOM PO3MITUYHMKAM

MPaIlOBATH OJTHOYACHO. Y HIBEPCANBHICTh IIIAT(HOPMH JOAATKOBO MIJCUIIOETHCS MIATPUMKOIO
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3aBJjaHb TEKCTOBOI PO3MITKH, 3a0€3ME€UyI0Yr 3aCTOCOBHICTh 1IHCTPYMEHTY JJIsl PI3HUX THIIIB
MOJAJIbHOCTEN.

[TincymoByroun, Label Studio moctae ik KOMIUIEKCHUN 1HCTPYMEHT PO3MITKH, SIKAU
MIPOTIOHY€ yHIBEpCAJIbHE Ta 3py4YHE CEPEAOBUIIE JJII PO3MITKM PI3HOMAHITHUX THUIMIB JaHUX.
Moro mimrpumka pi3HHX (OpPMATiB PO3MITKM, (YHKII CIiIbHOT POGOTH, MOXIHBOCTI
AKTUBHOT'O HABYAHHS Ta MAaCIITA0OBAHICTh CHPUSIOTH HOr0 CTATyCy MEPEJOBOr0O iIHCTPYMEHTY
B rayiy31 KOMII’ FOTEPHOIO 30py Ta MAIIMHHOTO HAaBYaHHS.

Buxoasun 3 ychOoro BUIE3raJlaHOrO0 MOXKHA 3pOOMTH BUCHOBOK, 1o Label Studio
MIAXOIUTH JJIs JAHOTO JUCEPTAIIMHOTO JOCiiKeHH. [IpoTe, 4aCTKOBO 3aKpUTHN BUXITHUN
kon Label Studio poOuth Horo MeHil O0axaHOH AJIbTEPHATUBHOKO Yy MOPIBHSHHI 3 1HIIUMU
IHCTPYMEHTAMH.

[Iporpamuuii 3aci6 Computer Vision Annotation Tool (CVAT) [193] po3poOnenuii qist
MOJIETIIEHHS PO3MITKHU 300pakeHb 1 BIJICO Ta aIaliTOBAaHUU JI0 3aBAaHb KOMII IOTEPHOTO 30Dy .
Bin nigTpumye pi3HOMaHiTHI (opMaTtu JaHuX, 3a0€3MeUyloud CYMICHICTh 13 PI3HUMH
PO3LIMPEHHIMH 300paKEHB 1 BIICOJAHKX, Ta IPONIOHYE HU3KY OCOOIMBUX (QYHKIIIH, SIKI MOYKHA
3aCTOCOBYBATH SIK JJIsl PO3MITKH 300pa)keHb, Tak 1 Bigeo. [lporpamuuii 3aci® miarpumye
oOMeXyBajJbHI paMKH, OaraTOKyTHHKM Ta KIIIOYOBI TOYKH, 3a0€3ME€4yl0ud THYYKICTh Yy
3aXOIJICHHI PI3HOMaHITHUX Bi3yalbHUX eneMeHTiB. Kpim Toro, CVAT cripusie po3noiisieHoMy
MPOIIECY CTBOPEHHSI PO3MITKH, J1a€ 3MOTY KUIBKOM PO3MITYMKAM MpaIfoBaTH OJHOYACHO,
crpusie epeKTUBHIN KOMaHAHIM poOOTI Ta MIBUIKOMY CTBOPEHHIO HA0OPY JIaHKUX. 3 TOUKH 30py
CyMiCHOCTI (hopMaTiB AaHUX, MPOTpaMHUM 3acid MIATPUMYE yCl MIMPOKO BHUKOPUCTOBYBaHI
dbopmaru.

[Iporpamuuii 3aci6 CVAT mae IHTYiTUBHO 3pO3yMuUIHi 1HTepdeic, SKUN CIpoIlye
IIpOLIeC CTBOPEHHS PO3MITKU. BiH miATpUMye€ SIK py4Hy, TaK 1 aBTOMAaTHYHY PO3MITKY JIaHHUX.
CVAT po3muproeTbcsi Ta HaJIAUTOBYETHCS, L0 JAa€ 3MOTY aJanTyBaTH IHCTPYMEHT [0
KOHKPETHUX MOTPEO MPOEKTY Ta CHpHUSE HOr0 BUKOPUCTAHHIO y PI3HOMAHITHUX MPOEKTAX

koM toTepHoro 30py. Kopucrtysaubkuii intepdeiric CVAT naBeneno Ha pucynky 5.7 [193].
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Pucynok 5.7 — KopucryBaubkuii intepdeiic incrpymentry CVAT [193]

Otxe, CVAT oTpuMye HallBHILI XapaKTEPUCTUKHU 3 GYHKLIOHATBHOCTI, €EKTUBHOCTI,
NIATPUMKN PI3HOMAHITHUX (opMaTiB Ta OIJIATH BUKOpHUCTaHHSA. Tomy Oyio oOpaHo ueu

porpaMHuii 3aci0 /1 BAKOHAHHS 3aBIaHb AUCEPTAIIMHOTO TOCTI1KEHHS.

5.2 TlopiBHAILHUI aHAJII3 IHCTPYMEHTIB PO3MITKH JaHUX

[TopiBHSIIBHUI aHaNI3 MpOrpaMHUX 3aco01B po3MiTkH aanux V7, LabelBox, Keylabs,
Labellmg, LabelMe, Label Studio ta CVAT, skuii HaBeneno y tabnuii 5.1, neMoHCTpye
3HAYHY PI3HULIO B iX PYHKIIOHAIBHUX MOXJIMBOCTSIX Ta apXITEKTYPHUX M1AX0AaX, 10 ICTOTHO
BIJIMBA€ HAa €()EKTUBHICTh PO3MITKHU, THYYKICTh BUKOPUCTAHHS, NIATPUMKY KOMaHIHOT poOOTH

Ta 3/IaTHICTb [0 1HTErpauli 3 alrOPpUTMaMU MAalIMHHOTO HaBYaHHSI.
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Tabmuns 5.1 — IlopiBHsUIBHUI aHali3 1HCTPYMEHTIB PO3MITKH JNaHUX I 3ajay

KOMIT FOTEPHOTO 30pPY

Kpurepiii V7 Label Box | Key Labs| Label Img | LabelMe | Label | CVAT
Studio
[Inarpopma | Beb Beb6 Be6 Heckron | [eckron Beob, Be6
(Python) | (Python) | Jleckton
[Tintpumka |306paxe|300paxkenH|3o00paxen| Tiuibku Tineku | 300paxkeH | 300pax
THUIIB JaHUX | HHI, s, Bineo | Hs, Bigeo |300paxeHH | 300pakeHH |Hs, Bigeo,| eHHi,
Bineo, s s Tekct Bineo
3D
InTerpamis  |Tak, Tak, uepes|Hi Hi Hi Tak, uepes|Tax,
ML moneneii|interpair [API API yepes
11 3 V7 API
Darwin
dopmatu COCO, |COCO, Pascal Pascal Pascal COCO, |COCO,
EKCIOpTY Pascal |Pascal VOC, VOC, VOC, Pascal Pascal
TaHUX VOC, VOC, JSON YOLO JSON VOC, VOC,
YOLO, [YOLO, YOLO, [YOLO,
JSON [JSON JSON, JSON
CSVv
[Tintpumka |Tak Tak Tak Hi Hi Tak Tak
KOMaHHO1
poboTH
MacmraboBaBucoka |Bucoka Cepennss |Husbpka Hwusbka Bucoka |Bucoka
HICTh
I'myukictb |Huzbka |Cepenns |Huspka  |Bucoka Bucoka Bucoka |Bucoka
KacToMizarii
[Tintpumka |Tak Tak Tak Hi Hi Tak Tak
aHOTaIlIN
IUTS B1IEO
Binkputa Hi Hi Hi Tak Tak Tak Tak
JIIEeH31s (Apache
License
2.0)
KintouoBoro BiamiHHICcTIO, sika Buauiie CVAT cepenq KOHKYpEHTIB, € #oro

OE3KOIITOBHUHN MOCTYI 1 BIAKpUTHI Koxa min JjineHsieto Apache License 2.0, mo mo3Bosie
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IIUPOKE BUKOPUCTAHHS Ta MOAM(IKAIIII0 IHCTPYMEHTY, 30KpemMa JIJIsl aKaJeMIYHUX ITPOEKTIB Ta
Maliux KomaHj, oomexeHux y (inancoBux pecypcax. lle namae CVAT 3Hauny nepeBary y
MOPIBHSIHHI 3 KoMepuiHuMu mnatgopmamu, Takumu sik V7 Ta LabelBox, ne nesiki
THCTPYMEHTH MOXYTh OyTH HEIOCTYNHI 0€3 NONepAHbO1 OIJIaTH.

Kpim Toro, mporpamunii 3acid6 CVAT 3a0e3neuye iHTErpaiiito 3 MOACISIMUA MAIIMHHOTO
HaBYAHHS, [0 € BAXJIUBOI OCOOJUBICTIO, OCKIIBKM TakKa IHTErpailisi J103BOJISIE CYTTEBO
aBTOMATH3yBaTH Ta MPUCKOPUTH Tiporiec po3MiTku. IligTpumka Takux miatdopm, sK
OpenVINO ta TensorFlow, nae 3mory CVAT He numie oOpoOisTH JaHi MIBUALIE, ane i
pPOOUTH MO0 KOHKYPEHTOCITPOMOKHUM 1HCTPYMEHTOM JIJIsl BEJTUKHUX MPOEKTIB, A€ HEOOX1THE
MaciTa0yBaHHs 0OpOOKU JAaHUX 1 TOCTINHE 3aIy4YeHHs MOJIeNiel JIsl aBTOMAaTUYHOI PO3MITKHU
300paxkeHb Ta Bifeo. BaxiauBum ¢GakTOpoM € TaKoX MIATPUMKA BIACOPO3MITKH, SIKY
3abe3neuye CVAT, mio nae oMy nepeBary nepej TaKuMU JIECKTOIMMHUMU IHCTPYMEHTaMHU, K
Labellmg Ta LabelMe, siki oOmexeHi aumie miaTpumkor 3o00paxeHb. CVAT no3Bonsie
e(eKTUBHO pO3MiuaTH JOBI1 BIJ€O 3 BUKOPUCTAHHSM AHOTAllll Ha PI3HUX Kajapax, IO €
BXKJIMBUM IS 33]1a4 KOMIT FOTEPHOTO 30PY, /1€ 00’ €KTU MOXKYTh 3MIHIOBATH CBOE TMOJOKEHHS
B 4aci, 1 MOTPiOEH BUCOKUI PIBEHb KOHTPOJIIO HAJ| yCiMa acleKTaMH aHOTAIliH.

Ille omnieto 3HauHor0 mepeBaroto CVAT € iforo MacmtaboBaHICTh Ta MIATPUMKA
KOMaHAHOI pOoOOTH, IO J1a€ MOKJIMBICTh BEIMKHM MPOEKTaM PO3MOAUIATH 3adadi MiIxK
KUIbKOMa YyYaCHHUKaMHM, 30epiraroud €auHuil ¢GopmaT JaHUX Ta CTaHJIapTU SKOCTL. Y
nopiBHAHHI 3 iHcTpyMeHTamu LabelBox ta Keylabs, ki Takoxx HiATPUMYIOTh KOMaHIHY
po6oty, CVAT Big3Ha4aeThCsl OUIBIIOI THYUYKICTIO 3aBSKH MOXIIMBOCTI aJanTalli Koy, 1o
J03BOJIsIE peaizoByBaTu crenudiuHi (yHKIIT sl KOXKHOTO OKpEeMoro mpoekTy. Bucoka
THYUYKICTh KacToMi3allii € OJHI€I0 3 KIIOYOBUX XapakTepucTuk, 1o Bupizusie CVAT cepen
IHIIUX THCTPYMEHTIB, JO3BOJISIIOUM aJlanTyBaTH iHTepdeiic Ta GyHKI[IOHAT ITHCTPYMEHTY i
cnenu(iyHl BUMOTH KOPHCTYBAYIB.

Takum umHoM, CVAT mnpencraBisie co0oro 6araro@yHKIIOHATIBHUNA 1HCTPYMEHT 3

IIUPOKUM CIIEKTPOM MOKIIUBOCTEM, OPIEHTOBAHUM Ha PO3B’3aHHS CKIaJHUX 3a7a4 PO3MITKH
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JAHWX 3 BUCOKOIO TOYHICTIO. 3/IaTHICTH 0 1HTerpaiii 3 ML-MoaensiMu, miaTpuMKka KOMaHIHOT
poOOTH, THYYKICTh KacTOMi3alii Ta [JOCTYMHICTh JJISI KOPHUCTYBadiB poOJISITH HOTO
HaJ[3BUYalHO €(DEeKTUBHUM BHOOPOM JJIsi BAKOPUCTAHHS Y BEJIMKUX MTPOEKTAX, SIKI BUMAraroTh

BHCOKOTO PiBHSI aBTOMAaTH3allli Ta MalOTh BEIUKHUIN 00CAT JaHUX JJis1 OOpOOKHU.

5.3 ApxiTekTypa iIHCTPYMEHTIB PO3MITKH JaHUX

OcKUTbKHM OUIBIIICTh IHCTPYMEHTIB PO3MITKHM JTAHUX CXO0X1 OJIMH Ha OJHOTO, TO THII
apXiTEeKTypu TaKuX 3acTOCYHKIB HaBeaemo Ha mnpukiaai CVAT [193]. Lle#it iHCTpymeHT
PO3MITKA  KOMIT'IOTEPHOTO  30pY JEMOHCTPYE JCTAIbHO PO3POOJIEHY apXITEKTypy
nporpaMHoro 3adesnedeHHs (pucyHok 5.8 [193]), mo Baayio moeAHy€e KIHOYOBI MPUHIIUIHU

PO3pOOKHU MPOTPaMHOTO 3a0€3MeUYEHHS JIJIsl PO3MITKU JAHUX y cdepl KOMI IOTEPHOTO 30Dy .
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Pucynok 5.8 — Apxirekrypa incTpymenty CVAT [193]
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3 ToukH 30py nmporpamHoro 3ade3nedeHHs apxitekrypa CVAT cknagaeTbes 3 KUIBKOX

KOMIIOHEHTIB, KOXKEH 3 IKUX crpusie GyHKIIIOHATBHOCTI Ta €()EKTUBHOCTI IHCTPYMEHTY:

CVAT UI: inTepdeiic kopucTyBaua Jjsi B3a€MOJI1 3 IHCTPYMEHTOM;

CVAT Core: ocHOBHA JIOT1Ka POTPaMu;

CVAT Canvas: KOMIOHEHT JiJIsl poOOTH 3 Bi3yaJlbHUMU JaHUMU;

CVAT Data: cucrema sl ynpaBJliHHS TaHUMH;

Babel nnsa tpancdopmariii JavaScript koxys;

Django-cepaep;

Lambda Manager: KOMIOHEHT 1Sl YIIPaBJIiHHS aCHHXPOHHUMH 3aJ]a4aMu;
CVAT Server: cepBepHa 4yacTHHA, IKa 00po0JIsie 3aUTH BiJl KOPUCTYBAUIB;
RQ Workers: cepBicu aj1s1 00poOKM aCHHXpOHHHUX 3a]1a4;

Postgres DB - Container: konTeliHep juist 6a3u nanux Postgres;

Redis MQ - Container: koHTelHep AJis1 uepru noBigomieHb Redis;

Traefik Container: koHnTeitHep st peBepc-mpokci Traefik;

OPA Container: konTeitHep 11 noaituk Open Policy Agent;

Logstash Container: konTerinep st 00po6ku noriB Logstash;

Kibana Container: konTeiiHep ais Bizyam3zanii ganux Kibana;

Elasticsearch Container: koHTeliHEep 715 oWIyKy Ta aHamiTUKK Elasticsearch;
Docker Volumes: 36epiranns ganux y Burisial Docker TomiB, 110 BKIHOYAKOTh
CVAT Keys, CVAT Logs, CVAT Share, CVAT DB, CVAT Data, CVAT Events;
CVAT Keys: ynpaBiiHHS KJIFOYaMH JOCTYILY;

CVAT Logs: noru cucremu;

CVAT Share: cniabHU#M A0CTYH 10 JAHUX;

CVAT DB: 6a3a nannx CVAT;

CVAT Data: nani s po3miTKy;

CVAT Events: momii cucTemu.
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B ocnoBi CVAT opieHTOBaHa Ha MIKPOCEPBICH apXiTEKTypa, 110 OKPECIIOE OKpeMi,
ca0Ko TMOB’sA3aHI KOMIIOHEHTH, $IKI 1HKAICYJIIOIOTh NEBHI (PYHKIIOHAJIbHI MOKIMBOCTI,
CIOPUSIOYM MOJYJIBHOCTI, MAacIITa0OBAHOCTI Ta 3PYYHOCTI B MIATPUMII MPOTPAMHOTO
3abe3rneueHHs. BHyTpiliH1 MiKpocepBicH BIAMOBIJAIOTH 3a KEPYBaHHS MPOIECOM PO3MITKH,
BKJIIOUAIOUM 30€piraHHs JaHUX, aBTEHTU(IKAIII0 KOPUCTYBauiB, KEPYBaHHS MPOEKTAMH Ta
OopKecTpyBaHHs 3aBAaHb po3MiTku. [lepemaua manux y CVAT mnonerumryetscs CUCTEMOIO
KepyBaHHA 0a3010 JTaHUX, siKa 0a3y€eThCs HA TEXHOJOTII pensauiiHoi 0a3u nanux PostgreSQL.
Ile 3abesmeuye CTPYKTypoBaHE Ta OpraHi3oBaHe 30epiraHHsi pPO3MIUYCHHUX JaHUX,
3a0e3reuyound MBUAKUN momyk 1 MaHinymsii 3 panumu. [arepdeiic CVAT crBopeHo 3
BUKOPHUCTAHHSAM Cy4acHUX BEOTEXHOJOTIH 3 aKIIEHTOM Ha IHTYITUBHO 3p0O3yMUIH iHTepdeiic
KopucTyBaua. BukopucroBytoun (peliMBopku, Taki sk React.js ta Angular.js, inTepdeiic
JMHAMIYHO B3a€EMOJIE€ 3 cepBepoM depe3 uiTko BuzHaueHi API. I'padiununii inTepdeiic
KOpUCTyBaua pO3pO0JIEHO 3 ypaxXyBaHHSM MOTped pPO3MITUMKIB JaHUX, 3a0e3Medyroyu
MalltoBaHHsI 0araTOKyTHHKIB Ta CTBOPEHHS 0OMEXYBallbHOI PaMKH.

Apxitektypa CVAT npuaiise 3HauHy YyBary KEpyBaHHIO KOPHUCTyBauaMH Ta
0€3MeYHOMY JOCTYITY IO IHCTPYMEHTY PO3MITKH Ta JaHUX PO3MillleHUX Ha HboMmy. Kpim Toro,
CVAT BUKOpPUCTOBYE TEXHOJIOTIT KOHTeWHepuzallii, Taki sk Docker, mo 3abe3neuye
Oe3npobiieMHe 1 HECKIIaJIHE PO3TOPTAaHHS B PI3HOMAHITHUX OOYHCIIIOBAIBHUX CEPEIOBHIIAX.
[HCTpYyMEHTH OpKeCTpOBKHU KOHTEHHEPIB, Taki sik Kubernetes, MoxHa BUKOPUCTOBYBATH TSI
onTuUMI3alli KepyBaHHA Ta MacmtaOyBanHs ek3eMmuisipiB CVAT. 3 mormsiay onTumiszaiii
npoayktuBHocTi, CVAT BKkitOWae Taki MiAXOJH, K KEIIyBaHHS Ta aCHHXPOHHY OOpPOOKY.
Bukopucranns crparerii KellyBaHHS 3MEHIIY€ HAJJIMIIKOBI OOYMCIEHHS, TOAl fK
aCMHXpOHHA 00poOKa JT03BOJISE MapaieIbHO BUKOHYBATH HEOJOKYIOUl 3aB/IaHHS.

[TincymoByrOUH, apXiTeKTypa IHCTpYMEHTY po3MiTku CVAT BTLII0€ HAMTINIII M1IX01U
B NoOya0BI IPOrpamMHOro 3a0€3MEeYeHHs, Yy TOMY 4YHCIl MIKPOCEPBICHY apXITEKTYypY,
KOHTEWHEepHU3al1lit0, KOHTPOJIb TOCTYITY Ha OCHOBI poJiei Ta afjaiTUBH1 iIHTEpPEHCHI TEXHOJIOTIi.

Taka apxiTekTypa 3a0e3neuye 3aCTOCOBHICTh IHCTPYMEHTY JUIsi PI3HOMAHITHUX CIIEHApIiB
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PO3MITKHM, MacIITab0OBaHICTh, O€3MEeKy Ta 3pY4YHICTh OOCIYroBYBaHHS, TaKMM YHHOM
CTBOPIOIOYM YMOBU JJisi HAWOLIbII €PEKTHUBHOIO PIIICHHS CepeJl IHCTPYMEHTIB PO3MITKU
KOMIT’FOTEPHOTO 30pYy. Y XOA1 TOCHIIKEHHS 0YJIO BUPIIIEHO 30CEPEIUTH yBary Ha apXiTeKTypi
CVAT u4epe3 ii BUHITKOBY KOMILUIEKCHICTh Ta aJJallITUBHICTh. 3aBJSKU CBOIM PI3HOMaHITHUM
koMmrnoHeHTaM apxiTekrypa CVAT nemMoHCTpye K NpaBUIBLHO MOEAHYBAaTH MOAYJBHICTH,
MaciITabOBaHICTh Ta 3PYYHICTh y MIATPUMII MPOrPaMHOTO 3a0e3MeUYeHHs ISl CTBOPECHHS
YCHIITHOTO 1HCTPYMEHTY PO3MITKH JnaHux. OpHiero 3 ocHOBHHMX NpuuuH BuOOopy CVAT e
BIIKPUTICTh BUXIJIHOTO KOJIy Ta AOCTYMHICTh A aHamizy. Binkputuit kog CVAT nae 3mory
JETaIbHO JOCHIIIUTH BHYTPIIIHIO CTPYKTYpy Ta NpuUHOUNU pobotu cuctemu. lle mano
MOXJIUBICTh 3PO3YMITH, SIK KOXKE€H KOMIIOHEHT apXITEKTYpH B3a€MOJIIE 3 IHIIUMH Ta SIK BOHU
pazoMm 3abe3neuyroTh (PYHKIIOHAIBHICT, Ta €pEeKTUBHICTh 1HCTpyMeHTy. OcoOnuBa yBara
npuaiieHa apxitektypi CVAT Takoxk TOMy, IO BOHA 3aCTOCOBY€ CY4YacHi MIAXOAHU [0
pPO3pOOKH TpOrpaMHOro 3a0e3medeHHs, Taki SK MIKPOCEpPBICH, KOHTEWHepu3alis Ta
acuHxpoHHa o0poOka. Ili miaXoau MO3BOMMIM PO3POOUTH CHUCTEMY, SKa € HE TIIbKHU
e(EeKTUBHOIO, aJ€ 1 JIErko MacTadOBaHOIO Ta aIANITOBAHOIO 10 3MIH Y BUMOTaX KOPUCTYBayiB

Ta 00YHCITIOBAJIBHUX CCpCaoBHIIIAX.

5.4 Ilixxoam [0 aBTOMATH3ALilI PO3MITKM MJAHUX B HASBHHUX IHCTPpyMEHTaX

PO3MITKH JaHUX VIl 32]1a4 KOMITI’KOTEPHOT0 30y

[linxoan 1o aBTOMAaTH3allli MPOIECY PO3MITKH JaHUX MOXHa MOAUIMTH Ha HACTYMHI
KaTeropii:
- MaHyaJbHUW TIPOILIEC PO3MITKH JaHUX, SKAW XapaKTEepU3YEThCS BIICYTHICTIO
aBTOMAaTH3aIIll;
- BUKOPDUCTAHHS TIOMEPEIHHO HABUYEHUX METOJIB KOMIT IOTEPHOTO 30py JJIs
aBTOMAaTH3allli MpOoIeCcy PO3MITKH JaHUX, Kl MICTSITh MIMPOKO PO3MOBCIOKEHI

KaTeropii abo BUKOPUCTAHHS MOJIeIeH HYyJIbOBOTO HABUAHHS;
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- BUKOPHCTAHHS MiJIXO/MIB aKTUBHOTO JOHABYAHHS MOJENeH KOMIT IOTEPHOTO 30py Ha
pe3ynbTaTax po3MITKH JTaHUX.

MaHyanbHUM MiAXiA OO0 PO3MITKH JaHMX JUIs 3ajlad KOMIT FOTEPHOTO 30py, IO

300paxeHuil Ha pUCYHKY 5.9, mepenbdauae, 1o Bci 300pakeHHs, SIK1 HasiBHI B HAOOp1 JaHUX,

OyIlyTh MEPErISIHYTI JIIOJJUHOIO, SIKA BIAMITUTD YC1 HasiBHI Ha 300pa)KeHH1 KaTeropii.

He poamiueHi 306paxeHHA > |HCTDYM§:;”L;03M|TKH - PoamiveHi so6paxeHHA

\__“‘_______._; "\-._______________._.__,,«’

PosMiTYuK (MioamHa)

Pucynok 5.9 — ManyanbHuii miaxij 10 pO3MITKH

MaHyanbHUM MiAXi MOXHA ONTHUMIZYBaTH IUISIXOM BHKOPUCTAHHS METO/IIB
KOMIM'IOTEPHOTO 30Dy, SKi MIJJaBaTUMYyThCS HABYAHHIO HA BXKE PO3MIYEHUX JaHUX (IIPOIEC
JOHABYAHHS HAa PO3MIYEHHUX JAaHMX) Ta MOCTYNOBO 3/JaTHI OyAyTh HaJaBaTH peKOMEHAAIll
CTOCOBHO BHUSIBJIEHHSI TOT'O YW IHIIOTO 00'€KTa HAa 300pakeHHI. Y paMKax TaKoro Miaxonay
KOpPUCTYBau€Bl HEOOXiMHO Oyjae JuIle MiATBEP/KYBATH TPUITYIIEHHS METOAY CTOCOBHO
MPUCYTHOCTI 00'€KTa, 3aMICTh TOrO, 100 CaMOCTIHHO po3MidaTh HOro. AJIBTEPHATHBHO,
MOXJIMBO BUKOPUCTOBYBATH METOJU KOMIT IOTEPHOTO 30pYy 3 HYJbOBHUM HaBYaHHS, IO
J03BOJISIE 1X IIMPOKE BUKOPHUCTAHHSA Ha JaHUX, HAa SKUX TakKl MOJENl HE HaByalluCs, aje
HEJIOJIIKOM TaKUX MOJIEJIEH € HUKYa TOUHICTh Yy MOPIBHSIHHI 3 aHAJIOTaMHU, SIK1 JOHABYAIOThCSI.
Takuil mpoiiec po3MITKH AaHUX MPEACTaBICHUN cXeMaTUYHO Ha pUCYHKY 5.10. 3a3HaueHunit

MIJIX1]] HA JaHUA MOMEHT € MEePEeBAXKHUM Yy MOMYJISIPHUX IHCTPYMEHTaX JIJIsl PO3MITKU JJAHUX.
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Metog
asToMaTraauii >
PO3MITKH

[HCTDYMEHT PO3MITKIA »| Po3mideHi 306pasxeHHA
DaHnx

He poamiveni 3oBpaxeHHA

MonepenHA
po3mMiTKa
ABTOMATUI0BAHUMK

METOLAMW

PoamiTumk (nioguHa)

Pucynok 5.10 — Iliaxia 3 BUKOPUCTAHHSIM MOINEPETHHO HABYEHUX METO/I1B MAILIMHHOTO

HaBYaHHS U1 IPUIIBUAIICHHS ITPOLECY pOSMiTKI/I JaHUX

3acToCyBaHHS aKTUBHOTO HaBYaHHS MOJIEJIEH HA OCHOBI pe3yJIbTaTiB BXXE PO3ZMIYEHUX
JAaHUX J03BOJISIE CUCTEM1 BU3HAYATH Tl J]aH1, K1 BUMAraloTh JI0JJaTKOBOI YBaru Ta po3MiTKH, 3
METOIO MIJIBHINECHHS TOYHOCTI Mojenel. I1ix yac akTMBHOTO HaBYaHHS MOJIENII BU3HAYAIOTh
HEOJHO3HAYHI Y CKJIQJIHI MPUKIA/IH, IO MOXKYTh 30araTUTU BaplaTUBHICTh 00'€KTIB Ta CIICH
B po3MiueHOMY HaOopi jnaHux. lIpoiiec akTHBHOrO HaBYaHHS MOXKe OyTH MOOyJAOBaHUN Ha
OCHOBI PI3HOMAHITHUX CTPATET1i, TAKUX SIK BUOIp MPUKIAIIB, SIKI BUKJIMKAIOTh BUCOKHI PIBEHb
HEBHU3HAYEHOCTI I MOJEeNi, ad0 BpaxyBaHHsS NPHUKIAAIB, IO 3HAXOAATHCS HAa MEXI MIXK
pizHMUMH KaTeropisiMu. Lle no3Bossie Mmoneni pokycyBaTUCS Ha THUX OOJACTAX, A€ Il TOYHICTh
MO>Ke OyTH HOJIIIIEHA.

Hapuanns Ha 3pa3kax, 1110 BUOpaHi aKTUBHUM YUHOM, CIIPUSIE TPUIIBUIIIEHHIO MTPOIIECY
PO3MITKHU TaHUX, OCKIJIBKH MOJEIb CAMOCTIMHO BU3HAYAE MPIOPUTETHI 00JIACTI AJIS TTOAATIBIIO]
po3miTku. Llei miaxia, sik pe3yabTar, J03BOJISE 3MEHIIUTH 3yCUJUIS Ta Yac, HEOOX1THUM TSt
CTBOPEHHS BHCOKOSIKICHUX pO3MIYeHUX HAOOpIB JaHuX. JleTanizalliio [b0oro Npolecy MoXHa

3HANTH HA CXEMAaTUYHOMY 300paK€HHI, MOJJaHOMY Ha pUCYHKY 5.11.
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3BOPTHA iHhopMauin npo
LONYLEHH] NOMIAMKIA
ANropUTMOM

h 4

MeTop asTomaTusaui IHCTDYMEHT PO3MITKM

3 PoawmiveHi ao6paxeHHA
PO3MITEK OaHux

He poamiveHi 306pameHHA

MonepenHA
po3mMiTKa
ABTOMATH30BaHUMK
METOAaMM

Po3amiT4uK (nroamHa)

Pucynok 5.11 — Iliaxia 3 BUKOPUCTAHHSIM METO/IIB aKTUBHOTO JJOHABYAHHS MOJIeNIel Ha

pe3yabTaTax po3Miu€HHUX JaHUX

5.5 Bumoru 10 nporpaMHoro 3aco0y AJisi pO3MIiTKH 3 YpaxXyBaHHAM aBTOMATHU3 ALl

Jns dbopmylitoBaHHS OCHOBHUX NPHUHIUIIB Ta CTPYKTYpU MPOTPAMHOI CHUCTEMH,
CIOpSIMOBAHOI Ha aBTOMATHU3AIlll0 MPOILIECY PO3MITKH BiJICOJIAaHUX, HAJICKUTHh JETATBHO
pPO3MJISTHYTH 1 poO3MeXyBaTh (PYHKIIOHAIBbHI Ta HeQyHKIIOHAIBHI BuUMoOrH [194].
OyHKIIOHAIbHI BUMOTH BKJIIOYAIOTh B ce0€ JOKJIAJHUN OMUC TMOBEIIHKUA MPOTPAMHOTO
3a0€3MeUeHHs], SIKMl MICTUTh OCHOBHI XapaKTepUCTHKUA Ta (YHKII, 110 MOBUHHI OyTH
peanizoBani. lle mMexaHi3mMu, Skl AalOTh 3MOTYy KOPUCTYyBayaM B3a€MOJIISTH 3 MPOrPAMHUM
3a0€3Me4eHHsIM BIJIIOBIIHO A0 BU3HaueHoi MeTH. HedyHKI10HaIbH1 BUMOTH, 3 1HIIOTO OOKY,
BU3HAYaAIOTh SKOCTI MPOrPaMHOI CUCTEMH, Taki sK ii Oe3rmeka, HaJIHHICTh, MPOAYKTUBHICTD,
MaciITabOBaHICTh, 3PYYHICTh y BHKOPUCTAHHI TOINO, 10 BIAMNOBIJAIOTH BUMOTam
BUKOPUCTAHHS.

JlocsiTHEHHSI METH aBTOMATH3allil MPOIECy PO3MITKU BiJIEOJaHUX Mependayae BUOIp Ta
BpaxyBaHHs MiAXOAIB J0 aBTOMAaTH3allli, Kl MalOTh OyTH BIPOBAKEHI I[I€I0 MPOTPAMHOIO
CUCTEMOI0. Y MpoIieci po3poOKU CUCTEMU aBTOMATH3al1lil MOTPIOHO BPaXxOBYBaTHU OCOOJIMBOCTI
BX1JIHOI 1HQOpMaIlii, ika HaAXOUTh y (hopmati mp4.

Buknagemo ¢yHKIIOHaNBHI Ta HEQYHKI[IOHAIBHI BUMOTH JJISI MPOTPAMHOTO

3a0€3MeUeHHs, MPU3HAYEHOI0 [IJIi aBTOMATH3allli MPOILECy PO3MITKH BIICOJAHUX, 3
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00O0B'SI3KOBUM BpaxyBaHHIM MPIOPUTETHOCTI KOKHOI KOHKPETHOT BUMOTH. [1i1 yac yrouHeHHs
MPIOPUTETIB BUMOT OyJeMO KEpyBaTHUCS IIKAJIO0, SIKY BUKOPUCTOBYIOTh y myOmikaii [198].

3a TaKoro MIKaJN0I0 BU3HAYEHO YOTUPH PIBHI MPIOPUTETIB JIJIs OI[IHIOBAHHSI BaXKJIIMBOCTI BUMOT:

«Must have» (cuctema moBHHHA 33JJOBOJIBHSATA BUMO31);

«Should have» (6axaHno, 100 cucrema 3aJ0BOJIbHSIA BUMO31);

«Could have» (cuctema Moke 3a0BOJIBHSITH BUMO31);

«Won’t have this time» (cuctema MoOXxe He 3aI0BOJIbLHSITH BUMO31).

OckUIbKH B paMKax JaucepTaliitHoi po6oTu 0ynemo GopmymroBaTu 6a30B1 BUMOTH J0
MPOTPaMHOI CHCTEMH, IO MpPHU3HAUYEHA i aBTOMATHU3aIlll MPOIECY PO3MITKH BiJIEOJaHUX,
30KpeMa, BHUKOPUCTOBYIOUM JyalibHY apXiTEKTypy pO3MITKA JaHUX, MPOMNOHYETHCS
3aCTOCOBYBaTH MOAMGDIKOBAHUM MiAX1J A0 BU3HAYEHHS MPIOPUTETIB BUMOT. [IponoHyeThCs
NOAUIATH yci (yHKLIOHAIbHI Ta HE(yHKLI0OHATIbHI Ha HE3aJIeXKH1 Ta 3aJ1€KH1 BUMOTH. 3aJIe’KHa
BUMOTA BIJPI3HIETHCA Bl HE3AJIEKHOT BUMOTH TUM, 11O 1i 3HAYYIIICTh MPOSBISIETHCS JTUIIE Y
BUMNAJKy BUKOHAHHS 1HIIIOI BAMOTH, B1J] IKO1 BOHA 3aJIEKUTh.

Toal MOKHAa BU3HAUUTU WIKaNy JJIsi IpiopuTe3alii BUMOT 1O MPOTPAMHOI CUCTEMU
TaKUM YUHOM:

— «O00B’I3K0BOY;

— «O0O0B’I3KOBO 32 YMOBUY;

— «baxanoy;

— «MOXIHUBOY.

[Ipioputer «OOOB'I3KOBO» BiJI3HAYAETHCA SIK €KBiBajeHT mpiopurety «Must havey i
MOXe OyTH BU3HAUEHUH SIK JJISI HE3aJIeKHO1, TaK 1 1JIs1 3aJI€KHOT BUMOTH.

[Tpiopurer «O00B'A3KOBO 32 YMOBH» PEKOMEHAYETHCS BUKOPUCTOBYBATH JIJISl CUTYaLlli,
KOJIM BCTaHOBJIIOETHCSA OOOB'sI3KOBa 3ajexHa BuMora. Hampukian, Bumora «3abe3nedeHHs
Y3rO/KEHHSI JIEKOJIOBAHUX KaJpiB» € 3aJekKHOIO0 BiJ BUMOTH «3a0e3MeyeHHs JIeKOayBaHHs
BiJIEO B KaJipu». Y BUNAJKY, SKIIO 0a30Ba BUMOra HE BUKOHYEThCS (HE € OOOB'SI3KOBOIO), 1I€

MMPpU3BOANTDH 1O BTPpATU CCHCY AJIA 3aJI€KHOI BUMOTH.
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[IpioputeT «baxano» Buctynae sik ekpiBajgeHT npioputety «Should havey 1 moxe Oyt
BU3HAYCHUM SIK JIJIs1 HE3AJIEIKHOT, TaK 1 JJIsI 3aJI€KHOT BUMOTH.

[Ipioputer «MoxnauBo» € anamorom npioputety «Could have» 1 moxe OyTu
BU3HAYCHUM SIK JIJIs1 HE3AJIEIKHOT, TaK 1 JJIsI 3aJI€KHOT BUMOTH.

VY KOHTEKCTI BU3HAUEHHS 0a30BUX BHUMOT JO MHPOrpaMHOI CHUCTEMHU HEIIJILOBUM €
3actocyBaHHs npiopurety « Won't have this time». Tomy y 3anponoHoBaHii mIKaIl BIACYTHIN
€KBIBAJICHT JJIs LIOTO TIPIOPUTETY.

ba3oBi (pyHKIIOHANBHI BUMOTH 10 IMPOTPaMHOr0 3a0€3MeuUeHHs, MPU3HAYEHOTOo IS
aBTOMarTu3allii MpoIlecy PpO3MITKH BiI€OJaHUX cPopMylbOoBaHO Yy Tabmumi 5.2.
HedynkiioHanbHi BUMOTH 10 TPOTPAMHOTO0 3a0€3MeUeHHs, TPU3HAUECHOTO JIJIsi aBTOMATHU3aIli1
MPOIECY PO3MITKM BifeonaHux chopmysiboBaHO y Tabmuii 5.3. Moayni cuctemu, IO

3a0€e31euyoTh poOOTY 3 JaHUMU, HaBEACH1 HA PUCYHKY 5.12.

Mperpamtxe
3afeaneyeHHA
aBTOMATH3aLi npoLlecy
PO3MITKN BifEo NaHux

Mporpauxe
Mperpamue 3abe3aneveHHA AnA
3abeaneyeHHA AnA ABTOMATH3ALT POAMITKM
3BEPIraHHA [aHKX 3 HyNbOBUM HABYAHHAM
(zero-shot learning)

Mperpamue
aafieaneyeHnA AnA
aBTOMATH3aLIT PO3MITKI
3 BKTMBHAM HAB4aHHAM

Mperpamue Mporpamye
3a6eaneyeHHA no 3a6eane4eHHA No
nplopeTw3auii Ta sinGopy srliopy KNO40BUX
NaHnx Kanpie

Mporpamkxe Mporpamue Mporpamkxe
3afieaneeHHA ana aafieaneyeHHA AnA 3afiesaneyeHHA unA SAM Videolntern
abepiraHHA KApTHHOK afiepiraHHA Bigeo 3bepiraHHa MeTanaHux

Pucynok 5.12 — Mopayni cucteMu, 110 BiMOBIIAI0Th 32 pOOOTY 3 JTaHUMU
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Tabmuis 5.2 — ba3oBi (QyHKIIOHAIBHI BUMOTH JO MPOTPAMHOTO 3a0e3MeueHHS

MIPU3HAYEHOTO JJIsl aBTOMAaTH3AaIlli MPOIECY PO3MITKHU BiJI€OJJaHUX

B1IOOPY AaHUX ISl PO3MITKH B 1HCTPYMEHT PO3MITKH

TaHUX

Kon Bumora [Ipiopuret
®B1 | 3anpoBagutu aBTEHTHU(IKAIIIIO0 Ta aBTOpHU3aIlis OO60B'A3K0BO
KOopucTyBauiB.  BrmpoBagutu  Oe3neuHi  MeXaHi3MHU
aBTeHTHU(IKAIlll KOPUCTYBaYIB.
®B2 | 3a0e3neunTd MpU3HAYEHHS PI3HUX piBHI poctymy ais | OGOB'I3KOBO (3a YMOBU
pI3HUX poJIel KOPUCTYBaUiB BuKoHaHHs OB1)
®B3 | 3a0e3neuynTd  MIATPUMKY IMIOPTY  BIACOJAHUX Y OO60B'A3K0BO
pizHOMaHITHUX (popMarax (Hanpukiaa, MP4, AVI)
®B4 | 3a0e3reynTyd IHTYiTUBHO 3pO3YMUIMA Ta 3py4HHI OO00B's13K0BO
iHTepdeiic 1y eheKTUBHOI PO3MITKH 00’ €KTIB Ta PEr1OHIB
IHTEpECY Ha BIJIEO
®BS5 | 3abe3neunT AEKOTYBaHHS Bi€O B KaJpu OO00B's13K0BO
®B6 | 3a0e3neunTd CHHXPOHI3AIIIO KaApiB MK KiieHToM Ta | OOO0B'I3KOBO (3a YMOBU
CepBEpPOM BukoHaHHS OBS5)
®B7 | 3abe3neuynTyd  IHTErpamir0c  MoOAENEed 3  HYJIbOBUM OO00B's13K0BO
HaBUYaHHSM (zero-shot learning) B IHCTPYMEHT pPO3MITKH
JTaHUX
®B8 | 3abe3meunTH IHTErpaLio MojeNield aKTUBHOTO HaB4aHHA B | OOOB'sI3KOBO (32 yMOBHU
IHCTPYMEHT PO3MITKHU JAHUX BuKOHaHHS DB7)
®BY9 | 3abe3neuntu iHTErpaiito MeToay mnpioputesanii Ta | OGOB'I3KOBO (32 YMOBU

BukoHaHHs DBY)
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Kox Bumora [Ipiopurtet

®B10 | 3abe3neuntu  iHTerpamilo  QyHpamiiinux  moaenei | OGOB'I3KOBO (32 YMOBU
koM totepHoro 3opy s Bigeo (InternVideo [Error! BuKOHaHHS DBY)
Reference source not found.])

®B11 | 3a0e3meunt B3a€MOJiI0 JEKUIBKOX PO3MITUMKIB JaHUX OO60B'A3K0BO
HaJl OJTHUM HaOOpOM JaHHUX

®B12 | 3a0e3meuynT  MOXJIMUBICTh  TEHepallli  aHalITUYHOI MoxnuBo
iHpopMalii mpo Xia PO3MITKH, BHUTPAYECHHUM Yac Ta
TOYHICTb

®B13 | 3a0e3meunT MOXKIIUBICTh PYYHOTO TMEPEMHUKAHHS MIX MoxnuBo
MOJIEISIMU HYJIbOBOTO Ta aKTUBHOT'O HABYAHHS

Tabnuis 5.3 — HedyHkilioHanbH1 BUMOTH 10 IPOTPAMHOTO 3a0€3MeUeHHs] TPU3HAUYCHOTO IS

aBTOMAaTHU3allli MPOLECY PO3MITKHU BIJCOJAHUX

Kox

Bumora

[Ipioputet

H®BI1

3abe3neunTH po3poOKy 1HTepdelcy KOpHCTyBaya 3 ypaxyBaHHAM
MiIXOAY, OpIEHTOBAHOIO HA  KOpPUCTyBada, 3a0e3medyrodu
IHTYITUBHICTb 1 JIETKICTh BUKOPUCTAHHS JIJIs1 KOPUCTYBAYIB 13 pI3HUMHU

TEXHIYHUMH 3HAHHIMHU

MoximBo

H®B2

3abe3neuntu €(EeKTUBHY OOpPOOKY BEIMKHUX HAaOOpPIB BIICOAAHUX,
3a0e3reuyoud  aJanTUBHY PO3MITKY HaBITh 32  3HAYHOTO

HAaBAHTAKEHHS JAHUX 1 OJHOYACHUX A1l IEKUIBKOX KOPHUCTYBayiB

baxano

H®B3

3a0e3neunTy BUCOKY HAIIMHICTh CUCTEMHU, 3a0€3MEUUTH 3BEJICHHS JI0
MIHIMyMYy OyAb-SIKMX MPOCTOIB Ta 3a0e3mnedyBaTd MOCTINHY

JOCTYMHICTD JUIsl TIATPUMKH O€3MepepBHUX MPOIECIB PO3MITKH

MoximBo
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Kox

Bumora

[Ipioputet

H®D®B4

Po3pob6riene nporpamue 3a06e3nedueHHss Ma€ OyTH CyMICHUM 3 PI3HUMU
onepauiiHUMH CHCTEMaMH Ta BeO-Opay3epamu, 3a0e3neuyrodu
JOCTYMHICTh HA Pi3HUX IJIaT(OpMax 1 NPUCTPOSX, IKUMHU 3a3BUYail
KOPUCTYIOTHCS PO3MITUMKHU JaHUX.

MoximBo

H®B5

3abe3neynTH KOpUCTyBayaM THYYKICTh B HaJallITyBaHHI MOJENeH
MaIllMHHOTO HAaBYaHHS [JIs MIATPUMKUA aBTOMATU3AIllid PO3MITKU
JO3BOJISIIOYM a/IallTYyBATH MPOrpaMHe 3a0€3MEeUYEHHs 10 KOHKPETHUX

BUMOT MPOEKTY Ta CKJIAIHOCTI 3aBJIaHb PO3MITKH

baxano

H®B6

3abe3neunTy  JOTPUMAHHS  TpaBWJI  3aXUCTy  JaHUX 1
KOH(}1IEHIIITHOCTI HaJJaHUX KOPUCTYBAIbKUX MIJISXOM 3a0€3MEeUEHHS
TOTpUMaHHS Takux cTtaHgapTiB, sk GDPR Ta iHImUX BIAMOBIIHUX

MOJIITUK YIPABIIHHS JaHUMHU

MoximBo

H®DB7

[Iporpamue 3a0e3neyeHHs Mae OyTH PO3pOOJICHO 3 ypaxyBaHHSIM
3py4YHOCTI OOCIIyrOBYBaHHs, CHpPHUSIIOUM JIETKOMY OHOBIICHHIO,
BUMPABJICHHIO TOMUJIOK 1 BOPOBAXKEHHIO HOBUX (YHKIIIH, IO HE

OyJle BUKJIMKATU Nepe0O0iB y MOTOYHUX MPOEKTAX PO3IMITKH .

baxano

H®DBS

3abe3neunT 3axXUCT KOH(DIACHIIWHUX BigeogaHux 1 i1Hopmarii
KOpUCTyBaua uepe3 3acTOCYBaHHS HaAIMHUX 3axofiB Oe3MeKH,

30kpema mudpyBaHHs JaHUX,.

baxano

[TepenOayaeThes, MO 13 CUCTEMOIO MOXKYTh B3a€MOJISITH JIBl KaTeropii KOpUCTyBayiB,

SKUX YMOBHO Ha3BaHO «PO3MITUMK JaHUX» Ta « AJIMIHICTPaTOP».

Hiarpama npeneneHTiB ais «Po3MmiTunka JaHUX», HaBeJdeHa Ha pUCYHKY 5.13. Bona

UTIocTpye  mporiec  poOOTH  PO3MITUMKA JAaHUX Y KOHTEKCTI

MalllMHHOI'O HaBYaHHA.

[leHTpanbHUM aKTOPOM BHUCTYMHA€ PO3MITUUK JAHUX, NISUIBHICTH SIKOTO PO3TayKYy€ThCs Ha

YOTUPU HAMPSMKU: MEPETIIsl NaHuX, Kiacudikaiiis 00'eKTiB, po3MiTKa JaHUX Ta 30€peKECHHS
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pe3ynbTariB po3MiTku fanux. [Iponec neperisay naHux BKiIo4ae B ceOe meperisi Bijgeo abo
300pakeHb. llel eram mnoB's3aHMil 3 BU3HAYEHHSAM o0JacTeil iHTepecy, IO J03BOJISIE
(hoKycyBaTH yBary Ha peJeBaHTHUX €JIEMEHTaX JaHUX.

Knacudikaiiis 00'€eKTIB € HACTYITHUM KIIFOYOBUM acleKkToM poboTu po3mituuka. lleit
MPOIIEC CKIAMAETHCA 3 JABOX MIAMPOIIECIB: BU3HAUCHHS KaTEropil 00'€KTIB Ta MPU3HAYCHHS
00’€KTIB 10 BIAMOBIIHUX KaTeropil. Po3miTka maHUX BKJIIOYA€ CTBOPEHHS HOBOi PO3MITKH,
MepeBipKy TOUYHOCTI aBTOMATUYHO PO3MIYEHUX JAHUX, @ TAKOXK peJaryBaHHS ICHYIOUOil Ta
BUMPABJICHHS TMOMUJIOK aBTOMATUYHOI pO3MITKM Aanux. llell eram € KpuUTUYHUM ISt
3a0€3MeUeHHs SIKOCTI Ta HAAIMHOCTI BXIJHUX JaHUX JUIsi METOJIB MAalIMHHOIO HABYaHHS.
3aBeplIabHUM €TaroM € 30epekeHHs pe3yiabTaTiB PO3MITKM JlaHMX, M0 3abe3nedye
MOXJIMBICTh MOIANIBIIIOI0 BUKOPUCTAHHS Ta aHAII3y PO3MIUYEHUX JAHUX.

VY chepi po3MITKH JaHUX HaA BiJICO aAMIHICTPATOP MPOEKTY BUKOHYE POJb FOJIOBHOTO
oprasizaTopa 1 Harjsaa4da 3a BCIM IIpoIiecoM po3MiTKH. [[iarpama mpereieHTiB, HaBeJAeHa Ha
pUCyHKY 5.14, imtocTpye 000B'SI3KM aIMIHICTpaTOpa CUCTEMH PO3MITKHU JaHUX, SIK1 BKIIOUAIOTh
TPU HAMPSMKU HOTO JiSTIBHOCTI: MOHITOPUHT MPOJAYKTUBHOCTI PO3MITKU JAHUX, YIPABIIHHS
JOCTYMaMu J0 CUCTEMH, aIMIHICTPYBaHHS aBTOMaTHU3aIlii IPOIECY PO3MITKH JaHUX.

MOHITOPUHT MPOAYKTUBHOCTI PO3MITKH JIaHUX BKJIIOYAE JBA BaplaHTH BUKOPUCTAHHS.
[lepmmii BapiaHT — 1€ aHali3 3BITIB MPO MNPOAYKTUBHICTh, IO Mependayae Meperisy
II0JICHHUX a00 HIOTH>KHEBUX 3BITIB Ta aHalli3 KUIBKOCTI PO3MIUYEHUX JaHuX. Jpyruit Bapiant
— 1€ BUSIBJIEHHA NPOOJIEM y MPOAYKTHUBHOCTI, 110 BKJIIOYA€ BU3ZHAUEHHS 300iB 200 3aTPUMOK Y
MpOIECl Ta BU3HAYEHHS MPUYUH HU3bKOI MPOJYKTHUBHOCTI. YTPaBIIHHS JOCTyHamMu [0
CUCTEMH CKJIAJA€ThCA 3 JIBOX KOMMOHEHTIB. HamamityBanHsi mpaB JoCTymy IMependadyae
BU3HAUYCHHS Ta PO3MOJAUI POJIe y CHUCTEMIi, a TAKOK OHOBJICHHSI CIIUCKY KOPUCTYBauiB JJIs
pOJIEH.

MOHITOPUHT TOCTYMIB BKJIIOYAE MEPEBIPKY KYPHAIIB JIOCTYNy 10 IHCTPYMEHTIB Ta
BUSIBIICHHS W YCYHEHHs HEBIANMOBIIHOCTEH. AIMIHICTpYBaHHS aBTOMaTH3alli Ipouecy

PO3MITKU JAHUX € TPeTiM HampsMkoM. Lleil mporec BkiroYae 3amyck METO/IB aBTOMATUYHO1
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PO3MITKHU, [0 OXOIUIIOE SIK 3alyCK MOJEJIe aKTUBHOTO HAaBYaHHS, TaK 1 3alyCK Mojelen
HYJIHOBOTO HaB4aHHsA. Kpim Toro, agMiHiCTpaTtop BiANMOBiAaE 3a 3a0€3MEUEHHS] HABUYAIBHOTO
Ha0opy [ MOJieNied MAallIMHHOTO HaBYaHHS, 10 BKJIIOYAE PO3LIMPEHHS HAO0OpY JaHUX IS
HaBYaHHS Ta 3alyCK HABYAHHS MOJIEEe MAIITMHHOTO HABYAHHS.

VY HacTymHOMY MiIPO3JUII TPEACTaBICHO PO3pPOOJIEHY apXiTEKTypy MPOTPaMHOTO
3a0e3MeueHHs I aBTOMAaTH3allli MpoIecy PO3MITKU BiJIEOJAHUX, IO 3aJ0BOJIbHSIE BUIIE
BU3HAUYEHUM BHUMOTaMm (auB. Tabmuii 5.1, 5.2), ta 3abe3neuye BapiaHTU BUKOPUCTAHHS,

BHU3HAYECHI BIJMOBIIHO J0 POJiel KOPUCTYBaUiB (JIUB. 10JATOK €).

5.6 3anponoHoBaHa AyajibHa apXiTeKTypa MPOrpaMHOro 3ale3nedeHHH sl

aBTOMATH3AIIl PO3MITKH BiJleoJaHNX

31e01IbIIOr0  KOXKEH 1HCTPYMEHT [iJIi  PO3MITKA JIaHMX HaJla€ MOXJIUBICTh
aBTOMarTu3allii 3 BUKOPHUCTaHHSAM a00 MONEepeaHhO HaBYEHOI Mojeni, ado 3a JOMOMOTOI0
aKTUBHOI'O HABYAHHS Ha JAaHUX, 5Kl Bxke OyNu po3MmiueHi. OJIHAK JKOJIEH 3 HUX HE MPOIOHYE
MOETHAHHS LMX MIAXOMIB, [0 € BATOMHUM HEJIOJIKOM, OCKUIBKH KOKEH IHCTPYMEHT Ma€ CBOI
nepeBaru Ta OOMEXEHHsI Ha PI3HUX €Tarax MPOEKTY 3 PO3MITKU JTAHUX.

[lo-nepmie, miaxoaw, fAKi 0a3ylOThCS HA TMOMEPEIHHO HABUCHUX MOJENSX,
BUKOPHUCTOBYIOTh MOJIENI 3 HYJIhOBUM HaBUaHHSIM (zero-shot learning), taki ssk SAM [195]
(puc. 5.13 [196])).

Ili Momenmi HaBYeHI Ha OOMMPHUX HAOOpaxX AAaHUX Ta 37aTHI BII3HABaTH O0'€KTH B
PI3HOMAaHITHHUX clieHapisx. Mojeni 3 HyJbOBUM HaBYaHHSM 4YacTO BIJ3HAYAIOTHCS BEIUKUM
pO3MIpOM, 110 3a3BUYall KOJMBAETHCSA BII JEKUIBKOX JECITKIB /O COTEHb MIJbHOHIB
napaMeTpiB. KpiM TOoro, Taki mMojiefii JEMOHCTPYIOTh MOCEPEIH] pe3yibTaTu Mpu poOOoTI 3
PIAKICHUMHU TUTIAMU JaHUX, HAITPUKIIA]I, PO3MITKY SIAP KIITHH JIFOACKKUX TKAaHUH. Y TOU camuit
gac Il MOJEJIl MOXKYTh MOKa3yBaTH BHUCOKI PE3YJbTATH SIKOCTI JIJIsl MONIMPEHUX KaTeropii

00’€KTIB, TakuX gk moauHa. OTKe, 3a3HaYEHHUH MIIX1] BIAMIHHO IMIJAXOAUTH Ha ITOYaTKOBUX
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eramax po3MITKH JaHUX, OCOOJMBO TOJMI, KOJU IS TMIJXOJIB aKTHUBHOTO HABUaHHS IIE HE

HAKOIMNMYCHO AOCTAaTHBO JaHUX I JOCATHCHHS BHUCOKHUX pCSYJ'IBTaTiB ITICJIS HaBYAHHS.

valid mask

model
val N
P ® cat with
® black ears

segmentation prompt

Pucynok 5.13 — SAM — miaxina 3 HyJ1IbOBUM HaBUaHHSM (zero-shot learning) [196]

Ha nportuBary, miaxoJld akTUBHOIO HABUYAaHHS MOXYTh BHUKOPHUCTOBYBAaTHM MEHIII 3a
KUIBKICTIO MTApaMETPIiB MOJIEIIL, 1110 MOXKYTh MICTUTH BiJ] COT€Hb TUCSY JI0 JEKIIHBKOX MUTbHOHIB
napaMetpiB. Lle poOuTh iX 3aCTOCYBaHHS €KOHOMIUHO JOIUIBHUM y MPOEKTaX, [0 BUMArarTh
PO3MITKU BETUKHUX 00’€MIB JaHUX, aje MPHU 1IbOMY BOHU MAlOTh 3HAYHHUM HEJOJIK — TaKUM
MaXodaM HEOOX1JHUM IEBHUM Yac Ha Te, 100 HAKOMMYUTH JOCTATHIO KUIBKICTh JAaHUX JUIS
HaBYAaHHS TaKUX MOJENel Ta iX BUXIJ JO PIBHS MOjeNiei 3 HyJbOBUM HaBYaHHSM (zero-shot
learning). B xoHTekcTi naHoi pobotu onupaeMocsa Ha mojaenb Videolntern [80]. Came Tomy

MIJIX1]] 3 aKTUBHUM HaBUYAHHSIM M1IXOIUTh JI CEPEIHbOI Ta Mi3HBOI CTaJIli MPOIECY PO3MITKU
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JAHUX, KOJIM € BXE€ MEBHA KIUIbKICTh PO3MIYEHUX JAHUX Ta MOXIMBO HABUUTH MOJEIb
AKTUBHOI'O HABYaHHS HA LIUX JIAHUX.

Ak MoxHa moOAUMTH, BUINIE3rajaHl MiIXOId MarOTh MPOTUIICKHI CUJIbHI Ta CiaOKi
CTOPOHHU Ta MIIXOJATh [ BUKOPUCTAHHS HA PI3HUX CTAIAX PO3MITKH 1aHuX. ToMy B paMKax
JaHO1 TUCepTaIiiHOT pOOOTH 3aPONOHOBAHO MIAX11, AKUM 00’ €qHY€E 00UIBA MIAXOIU B €IUHY
CUCTEMY IUISIXOM MOHITOPUHTY SIKOCTI PO3MITKHM JIaHMX 00OMa MiXOAaMu Ta MPUUHSATTAM
PILIEHHS II0JI0 TOTO, 3 AKOT MOJIei Oy i€ BUKOPUCTOBYBATUCS PO3MITKA Ta IOHABYAHHS METOY
akTUBHOTro HaBuaHHs [197]. @opmanizoBaHe MPEICTABICHHS 3alPONOHOBAHOTO a/IalITUBHO-

arperoBaHoro METOAY y BUIJISI NICEBAOKOAY HaBeaeHO sk Jlictunr 5.1:

Jlictunr 5.1. AnanTuBHO-arperoBaHuii METO/I HABUYAHHSI HEMPOMEpexKi

Inputs: Dataset D, dataset labels L = {L, L, ..., L,}, model for active learning A, model for

zero-shot learning Z, quality function mAP

1. a, b, control = 1, 1, 0 // Initialize controlling values
2. mode = Zero // Initialize operating mode
// Process dataset in batches
3. while batch in D:
3.1. results = A(batch)
/I All control times check if active learning is not better than zero-shot approach
3.2. if control == 0:
3.2.1. results_zero = Z(batch)
3.2.2. if mode == Active
3.2.2.1 Fix annotation in results
3.2.2.2 Train algorithm of Active learning on data from 2.2.2.1
3.2.3. else:
2.2.3.1 Fix annotation in results_zero
2.2.3.1 Train algorithm of Active learning on data from 2.2.3.1
3.2.4. anno = D.get annotation(batch)

3.2.5. if mAP (results, anno) > mAP(results_zero, anno):
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2.2.5.1. control =b
2252.a,b=b,a+b
2.2.5.3. mode = Active

3.2.6. else:
2.2.6.1.a,b, control=1,1,0
2.2.6.2. mode = Zero

3.3. else:
2.3.1. control = control — 1

2.3.2. yield results

Outputs: annotated dataset D, finetuned on dataset D active learning model A

OcKUIBKH MOJIEJl MalOTh Pi3HY BapTICTh BUKOPUCTAHHS, TO 1€ BIUIMHYJIO HA allTOPUTM,
AKUU MIHIMI3Y€ KUIbKICTh BHKOPHUCTAHHA MOJENEd 3 HYJIbOBUM HaBYaHHIM (zero-shot
learning) muIAXoM MpPOMycKy OOpPOOKHM BXIJIHMX JaHUX 3 1HTEpBajJaMU MIXK IMOCIIJOBHUMHU
3aCTOCYBaHHSMM, IOBKHHA SIKMX KOHTPOMIOEThCS yuciaamu PidoHayyi:
FF=1F, = 1F,;, = F, + Fpo.i,n = 1,2,3,.... (5.1)
[TocninoBHicTh Pi6OHAYYI 0OpaHa AJII €KCIIOHEHTHOTO 3MEHIIIEHHS] YaCTOTH BUKJIUKIB

MOJIeN1 3 HyJIbOBUM HaBYaHHSAM, 1110 JoBeAeHO ¢opmylioro bine:

el ) R i
b= © Vs (5.2),

1++5

1e ¢ — npuiiMae 3Ha4€HHsI 30JI0TOT0 MEPETUHY ¢ = .

Merton nounHaeThes 3 1HIIaNI3al1l1i KePYyIOUHX 3HaY€Hb a, b, Ta control, 1110 BUKOHY€ETHCS
3a koHcTaHTHUM yac O(1). MeTtoa 06po0Jisie 1aTaceT yacTHHAMU 3 KUTBKICTIO 3pa3KiB B KOKHIN
K <=n. KipbKiCTbh YaCTHH 3aJI€KUTh B 0OCATY MMaM'siTi, BAKOPUCTOBYBAHOTO JJIs1 OOUNCIIEHb.
Ha xoxHI iTepanii Jyisl KOKHOI YaCTHHM 3 JataceTy D BHUKOHY€TbCA OOUYMCIEHHS MOJENi
aKTUBHOTO HaBYAHHS A, 110 Mae ckiamgHicTs 0 (a).

Pa3 Ha neBHy KUIBKICTh KPOKIB, III0 KOHTPOJIOETHCA MociiIoBHICTIO DiOoHauY1 (KpoKu

2.2.5.2 ta 2.2.6.1), BUKOHY€TbCS MOPIBHAHHS SKOCTI METOJIB AKTUBHOIO 4 Ta HYJIbOBOIO
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HaB4YaHHS Z. /{715 1bOTO JO/IaTKOBO BUKOHYETHCS 00OPaXyHOK METOAY HYJIbOBOI'O HAaBYaHHS Z.
[TpumycTtumo, 1o BiH Mae ckiaagHicts 0(z). [Jami BigOyBaeThCs MOPIBHIHHS SKOCTI METO/IIB,
0 BiI0YBAa€THCS 3a JOMOMOTO METpUKM MAP, CKIIaJHICTh OOYMCIEHHS SIKOi CKJIaJa€e
0(C?log, C), ne C — KinbKicTh 06’ €KTIB Ha BiJ€O.

3arasibHa CKJIAJHICTh METOJY 3aJ€XKHUTh BiJ SIKOCTI MOJEJIEH aKTUBHOTO Ta HYJbOBOTO
HaBYaHHS, 1110 Oy/ie 3MIHIOBATH KIJIbKICTh BUKJIMKIB IO MOJIENIEH, ajle B HAUTIpIIOMY BUIAKY,
SKIIO0 METOJT HYJIbOBOTO HaBUAHHS Oy 3aBX U TOUHIIINM 33 METOJ] aKTUBHOTO HABUaHHS, TO
ckyagHicTh MokHa ouinutH Sk O(K X (a + z + C?log, C)).

OckUIbKH BC1 Omepallii Ha KOKHOMY KpOIll BUKOHYIOTHCS 32 KIHIIEBUM Yac 1 KOJIEH ITUKII
HE € HECKIHYEHHUM, MO>KHA 3pOOUTH BHCHOBOK, IO METOJ| 3aBXKIU 3aBEPLIYEThCSA 3a
CKIHUEHHY KUIbKICTh KpoKiB. lle 3a0e3nedye ioro oOYMCIIOBaJIbHY 311HMCHEHHICTh, TOOTO
BIICYTHICTh O€3KIHEUHHUX IIUKIIIB 200 1HIINX MEePEIIKOI s HOT0 YCHIIIHOTO 3aBEPILICHHS.

CxeMaTu4He MpeCTaBICHHS MPOIECY POOOTH IHCTPYMEHTY PO3MITKH 3 BUKOPUCTAHHSAM

IOyaJlbHO1 apXITEKTYpPH HaBEJEHO HAa PUCYHKY 5.14.

3BOPOTHA

inchopmauia npo
CKNAAHICTL
ofpaHnx

Bigeo

Merton npiopuTesauii
PO3MITKW BifeonaHx

380pTHA iHhopMaLiA npe
[AONYLIEHH] NOMMTKM
anropuTMamm

©

Crcok sifeo AK
NOTPIGHO PO3MITUTH Ha
noTo4HiR irepauil

©

l

Meron akTusHoro
HABYAHHA

ITepaTMBHWA MeToa AnanTHBHO-
BAGOPY KNIKOHOBMX ar| A meTon
Kanpie HaBYaHHA

IHCTPYMEHT PO3MITKI
naHmx

He poamivexi sineo > PoamiueHi sineo

MeTon HyNboBOrO

" Bubip kpaworo HABYAHHA
Bubip kaapis 3 Akmn anro';mp:;un,nq MNonepeaHA BUNpasneHHA NOMANoK

NPaLoBaTUMyTE . po3MiTKa i
pauw Y CTBOPEHHA YOpHOBOI anropuTMIB NI0AUHOK

anropuTMiA poamiTion PoaMiTka aHAX G6paHHM 2BTOMATUIOBAHHMMH

@ @ M%Bm eTonam i @

PoamiTumg
(nioomHa)

Pucynok 5.14 — CxemaTuuHe npeacTaBlIeHHS MPOIECy pOOOTH IHCTPYMEHTY PO3MITKH 3

BUKOPHUCTAHHSAM JyalbHOI apXITEKTypHU
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Ha pucyHky 5.14 HaBeaeH1 HaCTYMHI HPOLECH:

)
2)
3)

4)

S)

6)

7)

BU3HAYEHHS CIIUCKY BiJ€O 3 HAWOLIBIIOW CKIAIHICTIO IS METOAY JEeTeKIli
300paxeHb 3a JOMOMOTr0K METOTy IpiopUTe3allii;

BUOIp KIIOYOBHUX KaJpIB HA B1/I€O, HA SIKUX OYyyTh 3aCTOCOBYBATHCS AJITOPUTMU;
BUOIp METOJTYy, SIKMI Ma€e HAaWBUIIY TOYHICTh PO3MITKU Ha JAHOMY €Talll;
BUKOHAHHSA PO3MITKM BiiOpaHMX JaHMX 3a JOMOMOTOI METOIIB  aKTHUBHOTO
HABYaHHS Ta HYJILOBOTO HaBUaHHS (32 HEOOX1AHOCTI);

PO3MITUMK JAaHMX aHAJI3y€ pO3MITKY, OTpUMaHy BIJI METOJYy aBTOMaTH3alii
PO3MITKH; 30€epirae Ty poO3MITKy, sIka BipHA; BUAAJIAE€ XUOHY pPO3MITKY; BUKOHYE
PO3MITKY MIPOMYIIEHUX 00’ €KTIB;

iH(opMallis po MpaBKU, BHECEHI PO3MITUUKOM JaHUX, BIJIMPABISIETHCS HA METO]I
AKTUBHOT'O HaBYAHHS JUIS HOJAIBIIOI MIHIMI3AI[ll ITOMHJIOK;

1H(opMallis Ipo peanbHy CKIIAIHICTh OOpaHUX 300paxeHb MepeaeThCs Bl METOAY

AKTUBHOI'O HaBYaHHS JI0 METOAY MpiopUTE3allii MPOIEeCy pO3MITKH JaHUX.

Baprto 3ayBaxkuTH, 110 Kpoku 3, 5 Ta 6 B JaHOMY MpOIECT € KPUTUIYHUMU, OCKIITbKU

CUCTEMa TMOCTIMHO MOJIMIIYETHCS 3a PaXyHOK 3BOPOTHOTO 3B’SI3KYy Ha KpOIll 5, a OTXe, Ti
300paxeHHs, siKi OyJu paHille CKJIAJHUMHU, MOTJIM CTaTH MPOCTUMHU JJIsi METOY ACTEKIIil
00’ekTiB 1 HaBmaku. Came TOMy MOTPIOHO aJanTyBaTHM MEXaHI3M MpiOpUTE3allii Mpolecy

PO3MITKU JJAHUX MICIsl KOKHOI YACTUHU PO3MIUCHUX JJAHUX, 100 BiH 3aIUIIABCS aKTyalIbHUM.

5.7 Omnmuc apxiTekTypH po3po0.IeHOr0 NPOrpaMHOro 3ade3nevyeHHst

Po3pob6iene nmporpamue 3a0e3nedeHHs JJIs aBTOMAaTU3AII11 TPOIIECY PO3MITKH — 11€ BeO-

3aCTOCYHOK, TOOY/IOBaHUI 3a KJIIEHT-CEPBEPHOIO Ta MIKPOCEPBICHOIO apXITEKTypaMH, YaCTUHA

KOJly IKOT'O MPEACTABIICHA B 10JIATKy A.

Hiarpama po3ropTaHHs pO3pOOJEHOTO MPOrpPaMHOTO 3a0e3ledyeHHs] HaBeJleHa Ha

puUCyHKy 5.15.
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Pucynoxk 5.15 — Jliarpama po3ropTa"tsi po3po0JeHOro NporpaMHoro 3a0e3neyeHHs

Bizyanizaliiss apXiTeKTypu MporpamMHoOro 3ade3nedyeHHsi HaBeleHa B gonatky b. Bona
CKJIQJIa€ThCsl 3 HACTYITHUX YaCTHH, SIK1 OpKeCcTpyroThes Ha 0a3i matdopmu Docker Ta Docker
Compose [198]:

— KJIEHT po3pobieHuit Ha 6a3i React [199];

— CcepBepHa YacTHHA KIII€HTY po3pobiieHa Ha 6a31 Python Django [200];

— OanancyBaHHs Tpadiky BukoHaHo Ha 0a3i Traefik [201];
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— 0a3 pganux Ha 06a3i PostgreSQL [202] nns 30epiraHHs AaHUX, PO3MITKH,
HaJalTyBaHb CUCTEMHU, JIOTIB Ta IOJATKOBUX METaJaHUX;

— kemryBaHHs Ha 6a31 Redis [203];

— uepru noaiit Ha 6a31 RedisMQ [203];

— cucteMu ayTeHTUdikallii Ha 6a3i konTelinepiB OPA [204];

— CHCTEMHU yIpaBJiHHS MOJEISIMHU MalllMHHOTO HaBYaHHA Ha 0a31 Nuclio [205];

— CHCTEMU yIpaBJiHHS NPIOPUTETOM PO3MITKH;

— CHCTEMU yIpaBJiHHS MOJEISIMHU aKTUBHOTO HaBYAHHS;

— CHCTEMHU yIpaBJiHHS MOJEJISIMHU HYJIHOBOTO HaBUaHHS (zero-shot learning);

— CHCTEMHU JIOTYBaHHS Ta aHaliTUKU Ha 0a3i Elasticsearch [206].
5.8 BucHoBKH 10 po3aiay

VY nanoMmy po3auli OyJid pO3TISHYTI KIIOYOBI aCMEKTU apXITEKTypH MPOTPaMHOTO
3a0e3IeueHHs JIsl aBToMaTU3allli po3MITKH Bijeonanux. [lepi 3a Bce, Oyio mpoBeeHo aHai3
HasBHI MpOTpaMHi 3aco0iB JUIsl pPO3MITKH 300pakeHb Ta Bifeo, Takux sik V7, LabelBox,
Keylabs, Labellmg, LabelMe, Label Studio Ta CVAT, 3 MeTO0 BU3HAUUTH OpOrpaMHUii 3aC10
JUTSl TIOCTABIICHUX 3aBJaHb Y paMKax i€l gucepTaniinoi po6oTu. Takum 3aco00M BU3HAYEHO
CVAT.

JleTanbHO TIPOAHAII30BAHO AapXITEKTypy HIpOrpaMHOro 3aco0y aBTOMAaTHU30BaHOL
po3MmiTkH Bineogannx CVAT, 110 103BOIMI0 BUBYUTH HOTr0 NOOYAOBY 3 TOUKH 30py 1HKEHEPIi
nporpaMHoro 3abesneueHHs. OcoONMBY yBary MPUILIEHO acCleKTaM apXITeKTypH, SKi
3a0€31euyI0Th BUCOKY €(DEKTUBHICTh Ta THYYKICTh MiJ] 4ac pOOOTH 3 PO3MIUCHUMU JaHUMH.

Hani B po3auti po3riasiHyTO (YHKIIOHAIBHI Ta HEQYHKI[IOHATBHI BUMOTH /10 CUCTEMU
JUTs1 aBTOMATHU3Allli TPoLiecy PO3MITKH BijieogaHuX. BuzHaueHo oCHOBHI (DYHKIIIT, SIK1 TOBUHHO
BUKOHYBaTH  po3po0iieHe  mporpamHe  3a0e3leueHHs, 30Kpema, MIBUIKOIIS  Ta

MacIuTaboBaHICTh.



153

3anponoHOBaHO AyallbHY apXiTEKTypy IPOrpaMHOro 3a0e3neyueHHs sl aBTOMaTH3allll
PO3MITKU BIJI€OJAHUX, OMHCAHO KIIOYOBI KOMIIOHEHTHM CHCTEMHU Ta iX B3aemomito [197].
Hagezneno onuc apxXiTeKTypH Ta OCHOBHUX i1 KOMIIOHEHTIB.

VY pesynbTari JOCHIIPKEHHS B I[bOMY PO3iI1I BHU3HAYEHI OCHOBHI BHUMOTH [0
MPOTrpaMHOr0 3a0€3eUeHHs JIsl aBTOMaTU3alIlii MPOoIeCcy PO3MITKH B1JIEOJJaHUX Ta pO3po0IeHa
Horo JyaiabHa apXITEKTypa, 110 CTajla OCHOBOIO JJIsl CTBOPEHHS 1HCTPYMEHTY AJIsl PO3MITKHU
BiZieoanux. Po3pobiieHo nporpamue 3a0e3nedeHHs Ha 0a3i 3alIpONOHOBAHOT apXITEKTypH Ta
PO3p00JIEHNX METOAIB: METO ] BUOOPY CKJIQJHUX 3pa3KiB JIJIsl MpiopUTe3allii MPOIeCy PO3MITKH
JaHUX, METOJ ITEPaTUBHOTO BUOOPY KJIIOYOBHUX KaJpiB JJIsi BUOOPY KaJpiB 3 SIKUMU OynyTh
MpaloBaTl MOJEIl MAalIMHHOIO HaBYaHHS, MeTod AttrdVis s mpeaHaBYaHHS METONY

AKTHUBHOI'O HABYAaHHA.
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6 AHAJII3 EOEKTUBHOCTI JYAJBHOI APXITEKTYPU

6.1 IIpouec po3MiTKH JaHUX

BianoBigHo m0 nochimkeHHs, mnpeacraBieHoro B Bloomberg [108], Bech mpoiiec

pOSMiTKI/I JaHUX OJIsd HpO€KTiB, 1O BUKOPHUCTOBYIOTh MAallIMHHC HABYAHHA, MOKHA PO3TJIAAaTHU

SIK KOMILJICKCHUU mponec, Mo CKJIAAA€ThCA 3 I[CB'SITI/I KJIIOYOBUX €TaIllB:

MOCTAHOBKA METH TMPOEKTY 3 PO3MITKM JIaHMX Ta BHU3HAYEHHS OCHOBHHUX
3aI[iKaBJICHUX CTOPIH, 110 TPOMUCYETHCS Y MPOEKTHINA JOKYMEHTAIIi1;

JIEKOMIIO3HII1sl METH MPOEKTY Ha U1 Ta (OpMyBaHHS €TamiB pO3MITKU JaHUX;
MJIaHyBaHHS JOPOKHBOT KAPTU PO3MITKU JTAHUX;

BUOIp PO3MITUHKIB IAHUX;

BUOIp YTUIITHU ISl PO3MITKH JTaHUX;

CTBOPEHHS KEPIBHUX MPUHIIUIIB;

HaBYaHHS PO3MITUYHKIB JaHHX;

yIpaBJiHHS IPOLIECOM PO3MITKH JIaHUX;

BUKOPUCTAHHS PO3MIYEHUX JTAHUX.

[Iporniec hopmaizariii METH pO3MITKH JAHUX PO3MOYNHAETHCS 3 BU3HAUYCHHS OCHOBHUX

3aIlIKaBJICHUX CTOPIH, K1, K MPaBUJI0, BKIIOYAIOTh:

MPOEKTHUM MeHemkep (1/ab0 MNpOayKTOBHI MEHEIkep): ocoba, 10 BHU3HAUAE
NPUKJIAJHE 3aCTOCYBAHHS MPOEKTY, PO3yMi€ HOro MOTEHLIMHWI BIUIMB Ha Oi3HEC,
BCTAHOBJIIOE MIPIOPUTETH (PYHKIIISIM Ha OCHOBI MOTPEO KOPUCTYBAYIB Ta MOXKE MaTH
1HIIN JOMEHHI 3HAHHA,

TOJIOBHHMU 1HXKEHEP: BIAMOBIAAE 32 BIPOBAKECHHS PIIICHHS, BUCTYIA€ 3aMOBHUKOM
PO3MITKH JaHUX Ta Hajaae 1HGOPMAIliIO MIOJ0 TEXHIYHOI CTpaTerii Ta JOIIIBHOCTI
MPUMUHATHX PIIIEHB/KOMIIPOMICIB B MPOIECI PO3MITKU JJAHUX;

MEHEIPKEp MO PO3MITII AAaHUX: BIANOBIJAIBRHUM 32 HATJISIA 32 IPOEKTOM PO3MITKH,

oOupae Ta kepye poOOYOIO CUJIOI0, 3a0€3Ieuye SIKICTh Ta y3T0/I)KEHICTh JaHUX.
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[licns BU3HAYEHHS OCHOBHUX 3alllIKaBJIECHUX CTOPIH HEOOXITHO BCTAHOBUTHU KIHIIEBY
METy, IO JIOTIOMOXE YYaCHHUKaM MPOEKTY 3a0e3MeUuTH CIPSMOBAHICTh BCIX 3yCUJIb Ha
JNOCSTHEHHs 11€i MeTH. OCTaHHIM KPOKOM JIaHOTO eTamy € BUOIp crocoOy peryiasipHOro Tta
YITKOTO CHUIKYBaHHS MIXK 3aI[IKaBJICHUMU CTOPOHAMU Ha BCIX eTanax npoexty. Lle 103BoauTh
30epertu GoKyc Ha KiHIIEB1H MeTI TPO€EKTY. [{el Kpok BasKIIMBUIT HE3aJIEAKHO BiJ] TOTO, U Oepe
y4acTh y MPOEKTY OJHA KOMaHJa Y JIeKIJIbKa KOMaHJ, PO3TAIlIOBAHUX B PI3HUX KYTOYKaX
MJIAHETH.

Jani ydyacHUKY MOBHUHHI BU3HAYUTHU XapPAKTEPUCTUKU JTAHUX, SIKI MJISITAI0Th PO3MITIIL,
METOJ BIOOpY JaHuX Ta (popMar po3MITKU. AHaNI3 JaHUX BHU3HAUA€ BAXKIUBUM MOYATKOBUI
etan mnpouecy Qopmanizanii TpoekTy. Po3yMmiHHS 0cCOOIMBOCTEH HaHUX, 1X OOMEXKEHb,
3aKOHOMIPHOCTEH Ta KpalloBUX BHUIIQJIKIB JIO3BOJISIE YYaCHUKAM TIPOEKTY MpUMaTH
OOIPYHTOBaHI PIIIEHHS CTOCOBHO HEOOXIJTHOTO THUIY po3MiTKU. Ilicns ycBimomieHHs
XapaKTepUCTUK JaHUX, CTOPOHAM HEOOXIJTHO BUPIIIUTH, SK BUOpATHU MIABUOIPKY JAHUX IS
PO3MITKH Ta Yd HEOOX1gHA MOMepeaHss 00poOKa TaHuX Mmepel po3MiITKOI0. Takoxk 3alliKaBiaeH1
CTOPOHU TMOBUHHI BU3HAYUTU HAOIp MITOK, SIKI MiAIAraroTh po3Mmirtii. Lleit mpoiec copusie
KOHKpETHU3allli 3a/adi po3MITKU Ta YTOUYHEHHIO 00CSATy poOOTH, CHpUiioYd e(EeKTUBHIN
peanizarllii IpoEKTY 3 PO3MITKU JJAHUX.

Jani Hactae eTam IUJIaHYBaHHS JOPOXKHBOI KApTU PO3MITKH JaHUX, IO BUCTYIAE
IHCTPYMEHTOM ISl YITKOTO BHU3HAYEHHS OYIKYBaHb 3allIKaBIIEHUX CTOPIH, BUSBIICHHS
oOMeXXeHb Ta 3aJIeKHOCTEH, SKI BiJA3HAYaIOTh BEJIMKUW BIUIMB Ha (DIHAHCOBI BUTPATH Ta
3arajibHUM ycmix mpoekty. JlopoxHsa kapra nependayae MpeaCcTaBICHHS YITKUX TEPMIHIB 13
JOKJIaIHOTO 1H(OpMaIli€ro PO MPOEKT Ta KIIFOUOB1 eTanu. [Ipu BU3HaUYCHHI TEPMIHIB TOTPIOHO
BpPaxOBYBATH JIOCTATHIN Yac [t po3p0oOKH KEPIBHUX MPUHIIUIIB Ta HABYAHHS POOOYOI CHIIH.

[Ticns mporo 3amyckaeTbes Ipoiiec BUOOPY po3MiITUuKiB aaHux. Lleil eranm Bumarae
rIMOOKOTO PO3YMIHHS PI3HOMAHITHUX aCMEKTIB, TAKUX SIK BUMOTH 10 KOH(IAEHIIMHOCTI Ta
Oe3MeKn JAaHuX, CKJIAJHICTh CaMOT0 MPOEKTY, a TaKOkK OOMEKEHHs, HaKIaJeHl OOKETOM.

BuGopom po3MITUMKIB MOBUHEH 3aliMaTHCS CIeIlladi30BaHUil MEHEKEp MO PO3MITII JaHUX.
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HeoOxigHo 3ayBaxuTu, 10 II€ PIIMICHHS HIKOJIM HE IMOBUHHO MNPUMUMATUCA BUKIIOYHO
MPOEKTHUM MEHEKEPOM YM TOJOBHUM 1HXXEHEPOM, OCKITbKM BOHO BHU3HAYa€ HE TIIbKHU
TEXHIYHI acHeKTH, ajle W KOH(IIEHLINHICTh, Oe3neky Ta e(EeKTUBHICTb POOOTH BCHOTO
KOJIEKTUBY PO3MITUHUKIB JJAHUX.

Hani BigOyBaeThcs Tpoliec BiOOpPY MHporpaMHOro 3a0e3MeueHHs] JUisi BUKOHAHHS
PO3MITKH JIaHUX. 3all1KaBJIEHUM CTOPOHAM CIIiJl 3BEpHYTH yBary Ha Taki aCleKTH:

— CHOPSIMOBAHICTh Ha CTAaHJAPTHY 1HOPACTPYKTYPY;

— rapaTisi KOH(DIAEHIIHHOCTI TaHUX Ta JIETKUI JOCTYI PO3MITUMKIB 0 HEOOX1THOT

1H(opMarii;

— OLlIHKA TEXHIYHOT0 CIUCKY 3a]1a4, MOB'sI3aHOT0 3 IMIUIEMEHTAIII€l0 O0paHOi YTUIIITH;

—  MOKJIMBOCTI MIATPUMKH (PYHKIIIHM YIIPaBIiHHS MPOEKTAMM;

— MOXKJIMBICTh HaJalITyBaHHS KOPUCTYBALIbKOTO 1HTEp(ENUCY Ta BUMOTH JI0 JOCBITY

KOpPHUCTYyBaua JijIsl IHCTPYMEHTY PO3MITKH Ta 1HTep(deiicy mpoeKTy.

[Ticns uboro 3A1MCHIOETHCA PO3pOOKA KEPIBHUX MPUHITUIIB, K1 HALIJICH] HA OXOIUICHHS
TUTOBUX MUTaHb Ta BUSHAYEHHS MPABUII ISl PO3MITKH JaHUX Y XOJI1 IOJEHHUX OOOB'S3KIB.
Onna oco0a mMae B34TH Ha ceOe BIAMOBIIATBHICTh 382 CTBOPEHHSI Ta OHOBJICHHS LIUX TPUHIIUITIB.
Ile cmpusie BHYTpIIIHINA Yy3rOJKEHOCTI, YCyBa€ CyNEpeuwIMBUNA 3MICT Ta 3abe3nedye
3pO3yMUTICTh. MeEHemKep MHPOEKTY PO3MITKHM € HaWOLIbII KOMIETEHTHOI OCO00K st
PO3pOOKHU 1HCTPYKIIiH 3 PO3MITKH, OCKIJILKHU BIH BOJIO/II€ PO3YMIHHSIM Ha0OpPY JaHUX, KIHIIEBOT
METH Ta TEXHIYHUX BUMOT.

He3Baxkaroun Ha Te, IO BIANOBIJAIBHICTH 32 PO3POOKY Ta OHOBIICHHS KEpPIBHUX
MPUHILUIMIB TOKIAJAEThCS HAa OAHY 0C00y, KIHIEBI peKoMeHallli MarTh BUHUKATH B
pe3ynbTaTi CHIBIpalll BCIX 3allIKaBICHUX CTOPiH. MeHeKep MPOEKTY PO3MITKH TMOBUHEH
KOOPAMHYBATU pOOOTY BCIX YUACHUKIB MPOEKTY PO3MITKH JAHUX, 11100 rapaHTyBaTHU YiTKICTh
Ta y3roJXKEHICTh BKa31BOK, 1110 MalOTh BPax0OBaTU OCOOJIMBOCTI HA0OPY JaHUX.

[Ticns po3poOKHU KEPIBHUX MPUHITUITIB IPOBOAUTHCA MIJIOTHE TECTYBAHHS I IEPEBIPKU

iX e(peKTUBHOCTI, 3aJly4at0yl TECTYyBaJIbHUKIB, IKI PO3MIYaOTh BEJIMKUHN 00csr nanux. [licns
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KOJIEKTUBHOI'O OIJISIIY PE3yJbTATIB BUPINIYETHCS, YW HEOOXITHO BHOCUTH 3MIHHM 10
pEeKOMEeHTaIlii.

OcraroyHi Bepcii KEpIBHUX NPUHIUIIB MICAS BCIX BHUIPABICHb PO3MIIIYIOTHCA B
THCTPYMEHTI JIsl PO3MITKH TaHUX, /1€ PO3MITUYUKHU MOXKYTh 3pYYHO 3BEpTATHUCS J0 HUX IiJ] 4ac
BUKOHAHHSI CBOIX 3aBJaHb. BHKOHAaBIIl MPOEKTY MAalOTh YBAXHO PO3TIANaTH OyIb-sKi
Mou(ikallii KepiBHUX MPUHIIUIIB, OCKIIBKA BOHU MOXYTh BIUIMHYTH HA BapTICTh Ta TEPMIHU
BUKOHAHHS MPOEKTY.

Hani BinOyBaeThCsl IHCTPYKTAXK PO3MITUMKIB JAaHUX, CIOPSIMOBAHUN Ha 3a0€3MEUeHHS
aJIcKBaTHOTO IX PO3YMIHHS MPOEKTY Ta BHUCOKOAKICHOI po3MITKU. ['padik pobotu Hax
MPOEKTOM TIOBMHEH BpPAaXOBYBaTH BU3HAYEHUU TEpioj MIATOTOBKH, TPUBAIICTH SKOTO
0o0yMOBJIeHa OOpaHOI0 TPYNOK PO3MITUMKIB JAHUX, CKJIAHICTIO 3aBJaHHS Ta BUOpPaAHUM
METOJI0OM 3a0€3MeUEeHHS SIKOCT1 JaHUX. AKTUBHE CIIPUUHSTTS 3alIUTaHb BiJ PO3MITUHKIB JAHUX
MiJl 4Yac TPEHYBaHHS € €JIEeMEHTOM JJid BHPIIICHHS MOXJIMBUX HEMOPO3yMiHb a0o0
HEBU3HAUYEHOCTI B THCTPYKIIISX.

[Iporec poOOTH pO3MITUMKA TAHUX, IKUW PO3MIYa€ AEKUIbKA PI3HUX KaTeropii 00'eKTiB
0oOMeKyBaJIbHUMHU paMKaMU Ha BIJIEO0, € CKJIATHOIO 1 0araToCTyNEeHEeBOIO 334a4€t0, 1110 BUMArae
TOYHOCTI Ta cucTeMaTuyHOCTl. lleli mporec MoxxkHa QopmanizyBaTh, BUKOPUCTOBYIOUU
MaTeMaTUYHUH anapat Teopii MHOXKHUH JJIsl OMUCY 1 MaHIMYJIsALIl 00'€KTaMU PO3MITKHU.

Ha mnouarkoBoMy erami pO3MITYMK JaHUX BHU3HAYa€ MHOXHHY KaapiB F =

{fi, f2, f3,---, [n}, A€ N — 3aranbHa KUIBKICTh KaJpiB y Bimeo. KoxeH kanp f; aHami3yeThCcs Ha
HasSBHICTh 00'€KTIB, IO HAJIEXKaTh N0 pi3HUX Kareropii. Hexait C = {cy,Cy,C3,...,Cx} €
MHOXHHOIO KaTeropiit 00'eKTiB, 1€ k — KUTbKICTh PI3HUX KaTEropii, SKi MAIATal0Th PO3MITIIL.

JIyist KOXKHOTO Kajpy f; Ta KOXHOI KaTeropii ¢; PO3MIiTYMK BU3HAYA€ MHOKHUHY 00'€KTIB
O;j = {0ij1,0ij2,0ij3,--+,0ijm}, IE M — KIIBKICTb 00'€KTIB KaTeropii ¢; Ha kazapi f;. Koxen
00'€KT 0;j; NPECTABIIAETLCA OOMEKYBAIBHOK PAMKOI), KA MATEMATHYHO BU3HAYAETHCS K

MHOXKMHA KOOPJMHAT b js, IO ONMCYIOTH ii Mexi. Hampukian, oOMexyBanbHa paMKa MOXKE
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OyTH HpeACTaBIIeHa K apa MHOKHMH KOOPAUHAT KyTiB: b;js = ((Xmin» Ymin)» (Xmax: Ymax))-
1€ (Xmins Ymin)» 1 Xmax» Vmax) — KOOPAUHATH BEPXHBOTO JIIBOTO 1 HIIKHBOTO MPABOTO KYTiB
BI/IMOBIAHO.

Teopis MHOXHH BUKOPUCTOBYETbCA I YHpPaBIIHHA Ta MaHINyJAMll LUMHU
oOMexxyBanbHUMH paMkamu. Omepaitiss 00'eqHaHHA U J103BOJIsiE KOMOIHYBaTH pPaMKH, IO
NEPEKPUBAIOTHCS a00 pO3TaloBaHl OJM3bKO OJHA /10 OJHOI, YTBOPIOIOUU €IMHY MHOKHUHY
TOYOK, 10 TpPEACTaBIs€ 3arajibHy o0sacth mnokpuTTa. Omepanis nepeTuHy N
BUKOPUCTOBYETHCS JJI1 BU3HAUEHHS CHUIBHUX 00JacTed MIX paMKamu, 10 MOXE CBIIYUTH
PO MPUCYTHICTH 00'€KTIB Y CHIILHOMY TIpocTOpi. Omepartis pi3HUIlL \ T03BOJISE BiTOKPEMUTH
OJIHy 00MeXKyBaJbHY PaMKYy BiJl 1HIIIO1, BUJAJISIOUM HEMOTPIOHI 001acTi, Taki K (OH, SIKUM He
€ YaCTUHOIO 00'€KTa.

[Iporec po3miTKH 00'€KTIB Ha BiJI€O BUMArae JTMHAMIYHOTO OHOBJICHHSI OOMEXKYBaJIbHUX
pPaMOK y KOXKHOMY KaJpl 3 ypaxyBaHHAM pyxy o0'ekTiB. lle 3a0e3neuyeThcst 3a JOMOMOIOI0
METO/IB BIJICT€KEHHS, KU aHANI3yl0€ 3MIHY MOJOXEHHS OO'€KTIB 1 BIANOBIIHO KOPUTYE

KOOPJIMHATHA PAMOK eaJlbHOMY 4aci. JIJ1s1 KOXKHOTo 00'€KTa 0; /7, BU3HAYAETHCA TPAECKTODIA
ijk

pyxy Ty, Ka NPENCTABIIAETHCA K MHOKHMHA KOOPIMHAT PAMOK Yy TOCIIIOBHOCTI Kaapis Tjs =

{bljs' b2js,' b3js» ey bnjs}-

AHali3 pe3yibTaTiB PO3MITKU 3A1HMCHIOETHCS 3a JOMOMOTOI0 TEOpli MHOXKHH, IO
JI03BOJISIE€ OLIIHUTU TOYHICTh PO3MITKU, BUSBUTH MOKJIUBI IOMIJIKHU Ta 3alIPONOHYBATH METO U
BJIOCKOHaJIeHHS. [{e BKiItouae mopiBHIHHS pO3MIYEHUX MHOKUH 00'€KTIB 3 peaJIbHUMU IAaHUMU
Ta aHalli3 BiJIXUJICHb.

TakuMm 4yuHOM, 3a7a4y PO3MITKH 00'€KTIB 0OMEXYBaJbHUMHU paMKaMH Ha BiJ€O, IO
BKJIIOYAE JIEKIJIbKA PI3HUX KaTeropii 00'ekTiB, MOkHA (JOpMaIli30BaHO OMKCATH 3a IOMTOMOT OO
Teopii MHOXHH, 110 3a0e3Me4Yy€e KOPEKTHICTh MOCTAHOBKH III€T CKJIAJIHOI 3a/1a4i.

[licns 3aBeplieHHS MPOIECY PO3MITKH, 3alllKaBJI€HI CTOPOHH 3000B'sI3aHI MPOBECTH

aHalli3 BUKOHAHOI POOOTH 3 METOI0 BH3HAYEHHS HEOOX1THOCTI JOJATKOBOI PO3MITKU JaHUX.
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BpaxoByrouu, 110 MPOLEC PO3MITKU JOJATKOBUX JaHUX Oyje BUMaraTH J10AaTKOBUX PECYpCiB
y BHUIJISAl 4acy, (piHAHCIB Ta 3yCWJb, JE€TaJlbHE OOrOBOPEHHS Ta OOIPYHTYBAaHHS LbOTO
pilleHHs yciMa 3aliKaBJIECHUMHU oco0aMu € 00OB’A3KOBUM €TanoM. SIKIIO AKICTh Ta o0cAr
PO3MIYEHUX JaHMUX BIJAINOBIJAIOTH BUMOTaM Ta OYIKYBAaHHSIM YCIX CTOPIH, TO IPOEKT MOXKHA
BB&)XATH YCHIIIHO 3aBEPIIEHUM, 1H)KEHEPHU MOXKYTh IPUCTYIIATH A0 €Tany o0y 10BU MoJienei

MAaIIMHHOTO HaBYaHHS Ha OCHOB1 HAKOITMYEHHUX JaHUX.

6.2 Opranizaniss po3MiTKH JaHUX

Hns po3mitku gaHux Ha Habopi nanux YouTube Bounding Boxes [207] HeoOxinHO
cTBOpUTHU (OopMaTi30BaHUMN OMUC 3a]a4l PO3MITKH JIaHUX 3 METOIO MEPEBIPKU MPUIIBUIILICHHS
MIPOIIECY PO3MITKH PI3HUMH MiAX0JaMHU aBTOMATHU3AIll].

Jns mpoBeneHHS EKCIEepUMEHTAIbHUX JOCHIIKEeHb Ha HaOopi naHux YouTube
Bounding Boxes neoOximHo 3Haiitu 10 AOCBIIYEHUX PO3MITUUKIB, 100 3a0e3MeYUTH
JOCTAaTHIO PI3HOMAaHITHICTh B JAHUX €KCIIEPUMEHTIB JJI1 NOJaJbIIoro aHanizy. byB oOpanuii
MIJX1]] 3 3aTy4YEeHHSIM KOJIET, SIK1 MPAaIOI0Th 3 aHAII30M 300pakeHb Ta B1I€OJIaHUX, OCKIJIbKU
BOHHU MaIOTh IOCTaTHBO (PyHAaMEHTaIbHUX 3HaHb B 00J1aCTI MATMHHOTO HABYAHHS, IITY4YHOTO
IHTEJEKTY, Ta KOMIT FOTEpPHOTO 30Dy, a OTke OyAyTh BUMAaraTi MiHIMaJIbHOIO HaBYaHHS IS
peanizallii MeTH eKCIIEpUMEHTIB.

J17151 MOCTaHOBKYU TAHUX €KCTIEPUMEHTIB CTBOPEHO MPABUIIA PO3MITKH JaHUX, 0a3YIOUHCh
Ha mnpaBmwiax po3miTku aaHux MS COCO [46]. MeToro pO3MITKH € BHU3HAYEHHS TPbOX
KaTeropiii o0'ekTiB y Bijmeo 3 Habopy nanux YouTube Bounding Boxes [208], a came: nrou,
TPAHCIOPTHI 3aco0u Ta 3Bipi. Po3MiTKa 3A1HCHIOETHCA IUISIXOM BUKOPUCTAHHS MPSIMOKYTHUX
00MEXYHYUX PaMOK.

Kateropia "monuna" BKItOYae BCIX JIHOJEH, HE3alI€KHO Bl CTaTi, BIKY Y BUAUMOCTI
YacTUHU Tina. Pamka moBHHHA OXOIUIIOBATH BCE TUIO JIOAWHU, HABITH SIKIIO YacCTHHA TiJIa HE

BuAnMa. Bapiaiiii mo3uiiii, Taki K CTOSIHHSI, CUIIHHS YU JIe)KaHHS, TOBUHHI BPaXOBYBATHUCS.
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Kateropis "TpaHcmopt" OXOIUTIOE BCl THUMIH TPAHCIOPTHUX 3acO0iB, BKJIIOYAIOUU
aBTOMOOLTl, BaHTaXIBKH, aBTOOyCH, MOTOIIMKIIM, BeJOCUIleNW ToIo. Pamka moBHHHA
MOBHICTIO OXOIUTIOBAaTH BECh TPAHCIOPTHHH 3acid, BKIOYAIOYM OyAb-sKMHA BaHTax abo
JI0IATKOBE 00aHAHHS, SIKE € YaCTUHOIO TPAHCIIOPTHOTO 3aco0y. SKIio TpaHCOpTHUM 3aci0
YaCTKOBO 3aKPUTHM 1HIITUM 00'€KTOM, paMKa MOBUHHA OXOIUIIOBATH TUIBKU BUAUMY YaCTHHY.

Kateropis "3Bipi" BKIIIOYa€ BCIX TBapwH, HE3aJEXHO BIJI BUAY. PaMka MOBHHHA
MOBHICTIO OXOIUIIOBATU TIJI0 TBapWHU. SKIIO TBapMHA YaCTKOBO 3aKpPUTA 1HIIUM 00'€KTOM,
paMKa MOBHHHA OXOIUTIOBATH TUIBKH BUJUMY YaCTUHY.

Pamku moBuHHI OyTH MakCHUMalbHO TOYHHMH, OXOIUTIOIOYM O0'€KT 3 MiHIMaJlbHUMU
3a3opamu. He ciig po3miuatu 00'€KTH, SIKI BaKKO 1I€HTU(]IKYBAaTH Yepe3 HU3bKY AKICTh BIJIEO
a00 cwibHE 3aCTyMaHHS IHIIUMHU OO0'ekTaMu. SKIIO O00'€KT YAaCTKOBO 3aKpPUTUN IHIIUM
00'eKTOM, po3MIYaiiTe TUIbKM BUJIMMY YacTUHY 0O'€KTa, 1 yHUKalTe NyOJIFOBaHHS PO3MITOK
OJIHOTO 1 TOT'O K 00'€KTa.

[Ipomiec poO3MITKM TMOYMHAETHCS 3 BIIKPUTTS BiJ€O B OOpaHOMY IHCTPYMEHTI ISt
po3miTku. Kaapu st po3MiTKu 00MparoThCs 3 IHTEPBAJIOM B OJIHY CEKYH]y, SIKIIIO BiJIEO HE
3a3HayeHE 1HIIUM YMHOM. [{ani moTpiOHO HAHECTH MPSIMOKYTHI 0OMEXYI0Ul paMKHU Ha 00'€KTH
BIIMOBIHO JI0 KaTeropiil i 30epertu pe3yiabTaTd Po3MITKU y (popmari, U0 MiATPUMYETHCS
iHcTpyMeHTOM (Hanpukiaa, JSON a6o XML).

SKII0 BUHUKAIOTh CYMHIBU IIOJ0 KaTeropusaiii abo mpaBUi PO3MITKHU, MOTPIOHO
KOHCYJIbTYBATHCh 3 MEHEIKEPOM MPOEKTY PO3MITKU [JIi YTOYHEHHS, 110 3a0e3Me4uTh
MaKCHUMAaJIbHO MOKJIMBY TOYHICTh Ta aKypaTHICTh IPU PO3MITII 00'€KkTiB. Byab-siki 3MiHU 200
JIOTIOBHEHHSI JIO IMTPABUJI pO3MITKH MOBUHH1 OyTH 3aTBEPIXKEHI MEHEKEPOM IIPOEKTY PO3MITKHU
Ta MOB1IOMJICHI BCIM PO3MITYHKAM Y MUCHbMOBINA opmMi.

[Ticns 3aBepiieHHS] PO3MITKH, 1HXKEHEP-AOCIITHUK MPOBOIUTH MEPEBIPKY PO3ZMIYEHUX
JAHWX Ha BIAMOBIAHICTH MpaBwiaM. HanaHHS 3BOPOTHOTO 3B'SI3KY PO3MITUMKAM JOMOMArae

BUMPABUTHU MOMUIIKH 200 MOKPAIIUTH SIKICTh PO3MITKH.
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BunienaBeneni npaBuia JAOMOMOXYTh 3a0€3MEUUTH €IUHY CTaHAAPTHU3AIII0 MPOIECY
PO3MITKH JaHUX, IO JO3BOJIUTH IPOBECTH 00'€KTUBHUM aHalI3 €()eKTUBHOCTI PI3HUX M1IXO01B
JI0 aBTOMATH3aIlli.

B pamkax nmocraBieHUX eKCIEpUMEHTIB Oyi10 mpoaHanizoBaHo 10 Bigeo 3 HabOpy AaHUX
YouTube Bounding Boxes B po3pi3i pi3HHX yMOB IIOJ0 aBTOMAaTHU3aIlll MPOLECY PO3MITKH
JTaHUX:

- 0e3 aBToMarwu3ailii (0a30BuUil BapiaHT);
- 3 aBTOMATHU3AIlI€I0 Ha OCHOBI MIJXO0J1y HYJIHOBOTO HAaBYaHHS 3a JOMOMOTOI0 METOIY

SAM [195];

- 3 aBTOMAaTHU3aI[l€}0 Ha OCHOBI METO/IIB aKTHBHOI'O HABYAHHS,

- 3 aBTOMAaTH3aLlI€l0 Ha OCHOBI AyaJbHOI apXITEKTYPH.

Pe3ynbTaT po3MITKM BUKOPUCTAHI JUIsl aHAi3y MPOIECY PO3MITKH JaHux Oe3 Ta 3
BUKOPUCTAHHSAM aBTOMAaTHU3alllli MPOLECY PO3MITKH PI3HUMU MIAXO0JIaMH, OI[IHIOBAHHS
IIBUJIKOCTI PO3MITKH KOXKHOTO €K3eMIUISIpY AaHUX Ta BUMIPIOBAHHS MPUCKOPEHHS MPOIECY

PO3MITKH BiICO JaHUX PI3HUMH M1IXOJaMH.

6.3 Po3miTka gaHux a4 3ajaavi gerekuii 00’ ekTiB 3a 1onomoroo CVAT

CVAT [193] saBasie co0O0 OJHOCTOPIHKOBHII Be0-3aCTOCYHOK, B paMKax SIKOTO
IHTErPOBaHO BECh HEOOX1AHUHN (PYHKIIIOHAI, IO CIIPHUSIE TPOCTOTI Ta 3pYYHOCTI KOPUCTYBAHHS
CepBICOM ISl PO3MITKH JaHUX SK JOCBIAYEHUX PO3MITUMKIB JaHUX, TaK 1 modyaTkiBiiB. Ha
pucyHky 6.1 mHaBemeHo mnpuknad iHTepdeiicy KopucTyBada 3 BiJeo, SKUM OyJe

BUKOPUCTOBYBATUCH JJII PO3MITKH BiJI€O.
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HKSPIDHo—— G0 e

Pucynok 6.1 — IlouaTok po6oTH 3 BiZieo B IHCTpyMEHTI po3MiTku JaHux CVAT

OCHOBHOIO YacCTUHOI (GYHKI[IOHATY BeO 3aCTOCYHKY € MOXMJIMBICTh 3aBaHTAKECHHS
300pakeHb Ta B1AEO JUIs OAAIbIIOl po3MITKU. KpiM TOTO, KOPUCTYBad OTPUMY€E MOMKIMBICTh
MPOBEJICHHST PO3MITKH O0paHOro 00’€kTa 4M O0’€KTIB HA 3aBaHTaXXEHUX NaHuX. [Ipukman

MIJICOTOBKH JI0 PO3MITKH B1JIEOJJAHUX HABEJICHO HA PUCYHKY 6.2.
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Pucynok 6.2 — IlinrotoBka 10 po3MITKH OOpaHOro 00’€KTy B iIHCTpyMEHTI po3MiTKu CVAT
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Jlns  3a0e3nedeHHs MaKCHUMaJbHOI TOYHOCTI PO3MITKH MepeadadeHo  (PyHKIIIO

HaOIMKEHHS 300pa’KeHHS, 1110 HaBEJCHO Ha PUCYHKY 6.3.

LEEd b4 |

Outinad borders &
| Showbitmap  Show prjections ‘

Pucynok 6.3 — HaOnmxeHHs 300pa>keHHs U151 301IbIIEHHS] TOYHOCT1 pO3MITKH 00paHoro

00’€eKkTa Ha B1J1€0 B IHCTpYMEHT1 po3MiTKu CVAT

3adikcoBaHl pe3yabTaTH PO3MITKH MOXKIHUBO 3PYyYHO 30€pertTd 3a JI0MOMOTOH0

BIIMOBIAHOT OMIIii y B€0-3aCTOCYHKY, 1110 HABEJIEHO HAa PUCYHKY 6.4.
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PucyHnok 6.4 — Pe3ynbTaT po3MITKH BIA€OJaHUX B IHCTpYMEHTI po3MiTku CVAT
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6.4 Pe3yabTaTn eKCHEPUMEHTAJIBHOIO AOCiIKECHHS

JInst mocTaHOBKM €KCIIEpUMEHTIB OyB BUKOpHUCTaHUU HaOlp nanux YouTube Bounding
Boxes [207]. Hab6ip manux YouTube Bounding Boxes — 1e KoJIeKIlisI pO3MIYEHUX
BiJICOKAIPiB, MMPU3HAYCHUX IS AETEKIlii 00’ €KTIB 1 TOCTIKCHHS SIKOCTI JIOKaji3alii 00’ €KTiB
Ha B1JIeO METOIaMU MAIIMHHOTO HABUAHHS, IKUU PO3POOJICHUM K pO3IIUPEHHS HA00PY JaHUX
YouTube-8M [208]. Lleit HaOip naHUX 30CEPEIKEHHI HA TOMY, 11100 HAJATU AKICHY PO3MITKY
00MeXXyBaJIbHUX PAMOK HABKOJIO 00’ €KTIB Y Bi€OKaapax.

Hab6ip nanux oxommtoe 4803 kiacu, HagalOyud MOKIMBICT KiIacu(IKyBaTH Ta
po3mi3HaBaTH Pi3HI 00’ €KTH, CIIEHU Ta 111 Ha Bigeo. Habip manux cknamgaerbes 3 240000 Bizeo
Ha axux po3miueHi 5600000 oG’exriB. Habip manux YouTube Bounding Boxes € minaum
pecypcoMm s TOCHIAHUKIB 1 MPAKTUKIB, K1 MPAIIOIOTh HaJl 3aBJAHHSIMHU KOMII FOTEPHOTO

s mpoBeAeHHSI €KCIEPUMEHTIB OYB BUKOPUCTAHHUI METOJ 3 HYJbOBHUM HaBUYAHHSIM
SAM [195] ta meTon nerekiii 00’ ekTiB Ha 0a3i InternVideo [80], sikuit moOyaoBanuii Ha 6a3i
mmaction2 [127] Ta Mae HaCTYMH1 XapaKTEPUCTUKHU:

— 0azoBa Mojenb At MeToay aetekiii — Attr4dVis [180];

— TMOMepeHbO HaBueHa Ha 13 MisbiloHax Bife€o;

— wmeton aetekinii 00’ extiB — Cascade R-CNN [40];

— 0a3oBuii po3mip BxigHOTO 300paxkeHHs — 1600x900;

— KUIBKICTB CcTafaii aetekiiii 00’ ekTiB — 3 [40];

— reHepaTop o3Hak — FPN [209];

— reHeparop perioHiB iHTepecy — GA-RPN [210];

— ontuMizartop — LookAhead [211].

B 3anpomnoHoBaHiil JyalbHIA apXITEKTOpT BUKOPHUCTAHO 3aMpONOHOBAHHMI METO
npioputesamii ganux [123], meton BuOopy kiatouoBUX KaapiB [149], Ta HEpOHHY MeEpexy,

HaBueHy MeTosiIoM Attrd4Vis [180] sik 6a30By MO/€INb JI1 METOLY ACTEKIIIi.
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3 MEeTOI MpPOBEJEHHS JACTalbHUX EKCIEPUMEHTIB MO PO3MITII JaHUX Ta OLIHII
e(eKTUBHOCTI PI3HUX MIAXOMAIB JO aBTOMaTu3allli, Oysia cTBopeHa rpyna 3 10 HaBueHUX
po3MiTuuKiB JaHuX. LI yyacHukm 3aliManuck po3miTkoro 10 BimiOpaHux Bizeo, Kl Oynu
MiJIIaHl pI3HUM YMOBaM aBToMaru3aiiii. /{15 3a0e3neyeHHs 00'eKTUBHOCTI Ta TOYHOCTI OLITHOK
JUIST KOXKHOTO Yy4YaCHHUKA EKCIEPUMEHTY OyB OOUYMCIIEHMI Yac, BUTPAYEHUU HA PO3MITKY.
Pe3ynbTaToM KOKHOTO KOHKPETHOTO €KCIIEPUMEHTY € 4ac PO3MITKH, SIKUIl 0OUHCIIIOBABCS Ha
OCHOBI YCIX YYaCHHUKIB Ta YCIX BIJ€O.

Menianauii yac po3MITKH Bifjeo 0€3 aBTOMAaTH3allli KOXKHUM 13 PO3MITUUKIB JAaHUX
HAaBEJICHO HA PUCYHKY 0.5.
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Po3miTumk Po3miTunK Po3miTunk Po3mitumk Po3mitumk Po3miTumk Po3miTunmKk Po3miTunmk Po3mitumk Po3mitumk
1 2 3 4 5 6 7 8 9 10

Yac, XBUNAUHU

Pucynok 6.5 — Meaiannuii yac po3MiTKH Bifieo 0€3 aBToMaTu3allii

JHeranpHa iHporpadika mno yacy po3MiTKH KOKHOTO BiJI€0 KOXKHUM PO3MITUYMKOM JAHUX

HAaBEJICHO HA PUCYHKY 06.6.
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Pucynox 6.6 — Indorpadika no yacy, BUTpaueHOMY Ha PO3MITKY KOKHOI'O B11€0 KOXKHUM

PO3MITUMKOM JJaHUX O€3 aBTOMaTH3aIlli

Buxiani gani ans pucyHkiB 6.5 ta 6.6 HaBeneHo B noaatky B. 3 mux pesynbrariB
MO>KEMO 3pOOUTH BUCHOBOK, 110 MEJIIaHHUI Yac PO3MITKH 3aJlaHUX Bijeo 0e3 aBToMaru3arlii
cknagaB 9,7 xBunuH. CepeHe 3HAYEHHS Ta CTaHAAPTHE BIAXWUJIEHHS PO3MOALIY BIIMOBIIHO
ckianu 10,2 Ta 2,3 XBUIKH BIANOBIIHO, 95-BicOoTKOBUM nOBipumnit iHTepBai — (9,7; 10,6).

ABTOMaTH3a1is 32 paXyHOK BUKOPUCTAHHS MIAXO0AY 3 HYJIbOBUM HAaBUYAHHSIM BUKOHAHA
3 BUKopuctanasaMm mojeni SAM [195]. KoxkHOMy po3MITUMKY TaHUX HA/IaBAIUCS MONEPETHBO
po3MiyeH1 Biaeo 3 00’ekTamu, 3HailieHUMU SAM [195] Ha KoXKHOMY Kajpl, a pO3MITUYUKY
noTpiOHO OyJI0 BUIPABUTU CTBOPEHY MIAXOJOM PO3MITKY Ta JOJATH IPOIYIIEHI 00’ €KTH.

Menianauii yac po3MITKHM BiIeO 3 aBTOMATH3alLliI0 MiJIX0JA0M HYJbOBOTO HAaBUaHHS JJISI BCIX
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PO3MITUMKIB JJAHUX HABEJIEHO Ha PUCYHKY 6.7 Ta JNeTadbHUM Yac PO3MITKH KOXKHOTO B1JI€O
HAaBEJICHO HA PUCYHKY 6.8.
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Pucynok 6.7 — MenianHuiA yac pO3MITKHU B1JI€O 3 aBTOMATHU3ALIEI0 TMIAX0A0M 3 HYJbOBUM
HaBYaHHSIM
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Pucynok 6.8 — [ndorpadika nmo yacy, 3aTpayeHOMY Ha PO3MITKY KOKHOTO B1JI€0 KOKHUM

PO3MITUMKOM JAHUX, JJIsI aBTOMATH3AIlIl 3 T1JIX0/I0M HYJIbOBOT'O HaBYaHHS
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Buxiani gani qj1s pucyHkiB 6.7 ta 6.8 HaBeleHO B 10JaTKy ['. 3 IIuX pUCYHKIB MOXEMO
3pOOUTH BUCHOBOK, 110 MEJIIaHHUI Yac pO3MITKH OOpaHUX BiI€O MiAXOJOM 3 BUKOPUCTAHHSIM
METO/IIB HyJIbOBOTO HaBUaHHS CKJIaAaB 5,4 XB, 110 € MPUCKOPEHHSIM Ha 79% BIAHOCHO MIIX01yY
0e3 BHUKOPUCTAHHS aBTOMATH3allll TMpolecy po3MiTku pgaHux. CepelHe 3HAYEHHS Ta
CTaHJApPTHE BIIXWJIEHHS PO3MOJLTY CKIaAalTh 5,8 Ta 2,5 XBWIMH BIANOBIIHO, 95-
B1JICOTKOBHUH JoBipumii iHTepBai — (5,2; 6,3).

OCKUIBKH MIIX0JU aKTUBHOTO HaBYaHHS MOTPEOYIOTh NIEBHOIO Yacy Ha Te, 00 BUHTH
Ha ONTUMAaJbHY SKICTb POOOTH, TO B paMKax JIaHOrO JUCEPTALIMHOrO JOCIHIIKEHHS
BUKOPHUCTAHO MIJXiJ, B SKOMY KOXXHE HACTYMHE B1JIEO PO3MIYAETHCS MOJEIUTI0 aKTUBHOTO
HaBYaHHS 3 OUIBIIOI0 KIJIBKICTIO ONIPallbOBAaHUX JIAHUX.

Tobto Bimeo 1 Oyno po3mideHe 0e3 aBTOMaTH3allii, OCKUIBKA MOJENIb aKTUBHOTO
HaBuaHHs Oyna HaBueHa Ha 0 Bizmeo. Bineo 2 — po3miueHe 3 aBTOMATHU3AIIIEI0 MICHIsI HABUAHHS
mozeni Ha 1000 Bizeo, Bigeo 3 — Ha 2000 Bigeo, 1 TA. s mpoBeeHHS eKCIIEPUMEHTY OYJIIo
oOpano kpok B 1000 Bifieo K ONTUMAJIbHY OMILit0, IO BIJMOBIAa€ TPUOIU3HO TBOM THKHSIM
po6oTu 10 po3MITUHKIB JAHUX.

MenianHMi yac po3MITKH BiJI€O 3 aBTOMATH3AIIIIO M1IX0A0M aKTUBHOT'O HaBYAHHS JIJIS
yCIX PO3MITUMKIB JaHUX HaBEJACHO Ha PUCYHKY 6.9. Sk Oyno Buille 3rafgaHo, €(hEeKTUBHICTh
M1IX0/IB aKTUBHOI'O HABYaHHS POCTE 3 KOXKHOIO 1TEpAaIli€l0 EpEHaBUYaHHs, TOMY Ha PUCYHKY
6.10 HaBeIeHO MOPIBHSIHHS MEIaHHOTO Yacy PO3MITKU KOXKHUM PO3MITYUKOM JaHUX KOKHOTO
BiICO 3 BUKOPUCTAHHSIM MIAXOJIB aKTUBHOI'O Ta HYJIHOBOTO HaBYaHHS ISl aBTOMAaTHU3aIlil
nporecy po3miTku. JletanpHa iH(porpadika mo yacy pO3MITKH KOXKHOTO BIJE€O KOXKHHUM
PO3MITKU HaBeJeHO Ha pUCYHKY 6.11. BuxigHi nani 1js pucyHkiB 6.9, 6.10, Ta 6.11 HaBeneHo

B noxatky /l.
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Pucynok 6.9 — MepaianHuii yac po3MiTKH BIJI€O 3 aBTOMATH3ALII€I0 M1IX0I0M 3 aKTUBHUM

HAaBYaHHAIM
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B AKTUBHE HaBYaHHA u Hynbose HaB4YaHHA

Pucynok 6.10 — [TopiBHSIHHS MEA1aHHOTO Yacy PO3MITKH KOXHOTO BiJI€O /It METO/IIB

HYJBOBOI'O Ta aKTUBHOI'O HABYaHHS
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Pucynok 6.11 — [ndorpadika mo gacy, 3aTpau€HOMY Ha PO3MITKY KOKHOTO BiJI€0 KOKHUM

PO3MITUMKOM JAHUX, JJIsI aBTOMATH3AIlIl 3 T1JIX0/I0M HYJIbOBOTO HaBYaHHS

3 HaBeJCHUX PE3YJbTATIB MOKEMO 3pOOUTH BHUCHOBOK, III0 MEJIaHHUN 4Yac pO3MITKHU
00paHuX B1JI€O MIIXO0JA0M 3 BUKOPUCTAHHSIM METOIB aKTUBHOTO HaBYaHHS CKJIaB 5,8 XBUIIMH,
T0O0TO MmBHAIIE HA 62% BIAHOCHO MiAXOAY O€3 BUKOPUCTAHHS aBTOMAaTH3allli MPOIECy
PO3MITKHU JTaHUX, ajie BiH BUSABUBCS MOBLIBHINIUM, HIXK TiX1] 3 HYJIbOBUM HaBYaHHAM Ha 8%.
CepeniHe 3HaUCHHS Ta CTAaHJAPTHE BIAXWICHHS PO3MOJUTY CKJIaJaloTh BiAMOBIAHO 6,2 Ta 3,3
XBWJIMH BIAMOBIIHO, 95-B1ICOTKOBHI JOBipunii iHTepBai — (5,6; 6,8).

BianoBigHO 10 MiAX0/iB 3 MONEPEAHIX MIAPO3ALIIB OyJI0 MPOBEICHO EKCIEPUMEHT IO
aBTOMaTH3allii PO3MITKH BIJCOJAaHUX 3 3aMPONOHOBAHOK AYalIbHOI apXITEKTYpOIO.

Menianauii yac po3MITKH Biieo HaBeIeHO Ha pUCyHKY 6.12. JletanpHa iHporpadika mno yacy
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PO3MITKHM KOKHOTO BiZI€O KOXXHUM PO3MITUMKOM JaHUX HABEJIEHO HAa PUCYHKY 6.13. BuxinaHi
naH1 11 pucyHkiB 6.12 ta 6.13 HaBeneHo B gonatky E.
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Pucynok 6.12 — MenianHuii yac po3MITKH BiJI€O 3 aBTOMATHU3AI[I€I0 3AIPOTIOHOBAHUM
M1JIX0I0M 3 AYaJIbHOIO apXITEKTYPOIO
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Pucynok 6.13 — [ndorpadika mo gacy, 3aTpau€HOMY Ha PO3MITKY KOKHOTO BiJI€O KOXKHUM
PO3MITUMKOM JAHUX, JJIS aBTOMATHU3AIlli 3 3alIPONOHOBAHUM MIX0I0M JAyaIbHOI

apXITEKTYpHU



172

3 HaBeJEHUX PE3yJbTaTIB MOKEMO 3pOOUTH BHUCHOBOK, III0 MEJIaHHUN 4Yac PO3MITKHU
oOpaHuX BIJEO 3aIPOINOHOBAHUM ITIJIXOJIOM 3 BUKOPUCTAHHSIM JyaJIbHOI apXITEKTypU CKIIaB
4,3 xBuinuHU, TOOTO mBHAIE HA 125% BiAHOCHO minxoay O€3 BUKOPUCTAaHHS OyIb-sSKHX
NIOXOJIB IO aBTOMAaTH3alli MpOLEeCYy pPO3MITKH JaHuX, Ha 25% BIJHOCHO NIAXOAY 3
BUKOPUCTAHHAM TMIAXOQy HYJbOBOIO HaB4yaHHA Ta Ha 34% BIAHOCHO MmiAXoay 3
BUKOPUCTAaHHSAM AaKTUBHOIO HaBuaHHA. CepeqHe 3HA4YeHHs Ta CTaHAAPTHE BIIXWICHHS

po3noainy — 4,9 ta 2,7 XBWIMH BIANOBIIHO. 95-BiACOTKOBUM 10Bipunii iHTepBal — (4,4; 5,5).

6.5 IlopiBHSIHHS Pi3HUX MiAXO0IiB 10 aBTOMATHU3ALII PO3MITKH JaHUX
[TopiBHsUILHUM aHaN3 YCiX MiAXO/1B HABEJEHO HA PUCYHKY 6.14.

@ be3 aBTomatu3auii B AKTMBHe HaB4yaHHA O HynboBe HaByaHHA @ [lyanbHa apxiTeKTypa

16,0

Yac, XBUAUHU

Bineol Bigpeo2 Bigeo3 Bigeo4 Bigeo5 Bigeo6 Bigeo7 Bineo8 Bineo9 Bigeo 10

Pucynok 6.14 — [1opiBHSIHHS MEIIaHHOTO Yacy pO3MITKH KO>KHOTO B1A€O PI3HUMH IT1IXOaAMHU

3 HaBeJEHUX pE3yJbTaTiB MOXHA 3pOOUTH BHUCHOBOK, IO 3alPOINIOHOBAHUMN MIIXif
MOBOJIUTH ceOe K MIAXOAM 3 HyJbOBUM HaBYaHHSAM Ha PaHHIX €Tamax po3MITKH, aje Mo Mipi

TOrO K HAaKOMHUYYETHCS BCE OUIbINA KITBKICTh JAHUX, NOCTYMHUX JJISI METOMIB aKTUBHOTO
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HaBYaHHS, IOYMHAE ITOBOJUTHCS K METOJ aKTUBHOI'O HaBYaHHS, IO JIO3BOJISIE IIE OLIBIIE
3MEHIIUTU Yac Ha PO3MITKH JaHUX, THM CaMUM MOEAHYIOYHM IepeBaru 000X MiAXOMIIB Ta
yCYBaIOYM iX HEJIOMIKH.

OCHOBHI CTaTUCTHYHI XapaKTEPUCTUKU €KCIIEPUMEHTAIbHUX PE3YyJbTATiB HABEJEHO B
Tabymmi 5.1.

Tabnuns 5.1 — OCHOBHI CTATUCTUYHI XapaKTEPUCTUKH MPOBEICHUX €KCIIEPUMEHTIB

3 aBTOMaTHU3AaIlIE0
XapakTepucTuka bes mAxOAOM mAKOzON Ty alTbHAM
aBTOMAaTH3allll aKTUBHOT'O HYJIbOBOT'O .
M1IX0/10M
HaBYaHHS HaBYAHHS

MenianHU# Jac, XB 9,7 5.8 5.4 4,3
Cepenniii yac, XB 10,2 6.2 5,8 4,9
CranpapTHe 2,3 3.3 2,5 2,7
BIIXUJIEHHS, XB
Me>xa moxubOKu, XB 0,45 0,65 0,53 0,53
95% noBipunii | (9,7; 10,6) (5,6; 6.8) (5,2;6,3) (4,4;5.5)
1HTEepBal
p-value BiZHOCHO - 6,38 - 107" 9,03-10% 1,07 - 103
M1IX0Ty o0e3
aBTOMaTH3alli s
5% KPUTUYHOI
o0nacTi

Jnst OLIHKMA CTATUCTUYHOI 3HAYMMOCTI OTPUMAHHMX PE3yIbTaTiB OyJO 3aCTOCOBAHO t-
kpurepit CterofenTa. Pe3ynbraT, HaBe/eH1 B TaOauIll 5.2, moka3ajiu, 10 TOPIBHSHHS BCIX

M1JIX0/11B aBTOMATH3alli1 3 BI/ICYTHICTIO aBTOMATHU3aIlii a0 CTATUCTUYHO 3HAYUMY PI3HUILIO 3
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p-value 3nauHo Menmum 3a 0,05. 3okpema, MOPIBHSHHS MiIXOAY AKTUBHOI'O HABYAHHS 3
BiCyTHICTIO aBTOMaTH3alii gano p-value 6,38 -+ 107°, miaxoxy HymsoBoro nasuanus — 9,03 -
10%, a myanbHOi apxitektypu — 1,07 + 1073, mo cBiguuTh mpo GiNbIn BUCOKY €(EKTHBHICTE
MIIXO/1B 3 aBTOMAaTH3aLI€0 Y TOPIBHAHHI 3 MIJIX0/I0M 0€3 aBTOMaTHU3allli.

Tabmuns 5.2 — CrarucTUYHA 3HAYUMICTH OTPUMAHHMX PE3YIbTaTIB 3a t-KpUTEPiEM

CrprogenTa
3 aBTOMAaTH3aII€I0
be3 aBToma- | miagxogoM | MIOXOAOM
Ty aTbHAM
TH3aLii aKTUBHOTO | HYJHOBOTO .
I1IX00M
HABYAHHSI | HABYAHHSI
Be3 aBTomartu3anii - 6,38-101" | 9,03-10%° | 1,07-103
migxomoM aktusHoro | 6,38 - 107" - 0,2955 0,0241
3 HaBYaHHSI
aBTOMa- | migxomom HynsoBoro | 9,03 - 102 0,2955 - 0,0338
TH3AIIE€I0 HaBYaHHS
nayanbHuM migxomom | 1,07 - 1073 0,0241 0,0338 -

JonaTkoBuil aHami3 MOKa3as, 1110 MOPIBHSHHS MK aKTUBHUM Ta HYJILOBUM HaBUYAHHSIM
HE JaJi0 CTAaTHUCTUYHO 3Hauumoi pizHuUIl (p-value = 0,2955), mo Bka3dye Ha MOJIOHY
e(eKTUBHICTh LMX JBOX MiaxonaiB. OjHaK, MOPIBHSHHS MiAXOJIB aKTUBHOTO HaBYaHHS 3
IyalbHOIO apXiTekTypoto (p-value = 0,0241) ta miaXo/iB HYJbOBOIO HaBYAHHA 3 JAYalbHOIO
apxitektypoto (p-value = 0,0338) nmokazano 3HauUylly Pi3HUILIIO, IO CBIIYUTH PO MEpeBary
IyaJIbHOI apXITEKTypH HaJ 1HIIUMU M1JIX0JaMU aBTOMATHU3alli1.

3arasioM, MPOBEJICHUI aHali3 AEMOHCTPYE, 110 BOPOBAKEHHSI aBTOMATHU3AaIlli 3HAYHO

MIJIBUIIY€E MPOIYKTUBHICTb, OCOOJMBO MPH BUKOPHUCTAHHI AyallbHOI apXITEKTypH, sKa
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NoKa3aJla HallHM)KYM Cepe/iHIi Yac BUKOHAHHS 3aBJaHb T4 CTATUCTUYHO 3HAYYLLy IepeBary

HaJl IHIIUMHA METOIaMHU aBTOMaTu3ali.

6.6 BucHoBKH 10 po3aiay

Y  po3nuli  HaBENEHO JETAIbHUN OMNUC EKCHEPUMEHTAJbHOTO  JOCIIIKEHHS
e(eKTUBHOCTI PO3MITKH BiJ€OAaHUX 0O€3 Ta 3 BUKOPHUCTAaHHSAM aBTOMATH3allil MPOIECY
PO3MITKM Ta BHUKOHAHO CTAaTUCTUYHMM aHai3 pe3ysbTaTiB eKcrnepuMeHTiB. OnucaHo
BUKOPHUCTOBYBAaHUM HaOIp MaHUX sl €EKCIIEPUMEHTIB Ta YMOBH MPOBEJCHHS €KCIIEPUMEHTIB.
3okpeMa, HalaHo ¢hopMaTi30BaHUM OIMKC MPOLIECY PO3MITKHU JaHUX Ta BU3ZHAUYEHI MIAXOIU JI0
opraHizaiii 1bOro mpoiecy. TakoX 3IIHCHEHO IOCTAHOBKY 3ajlaul €KCIEPUMEHTIB, sKa
BKJIIOYA€ METY MPOEKTY PO3MITKM JAHUX, BU3HAYEHHS 3aI[IKABICHUX CTOPIH, CTBOPCHHS
JIOPOXKHBOI KapTU PO3MITKH, BUOIP PO3MITUMKIB Ta 1HCTPYMEHTY IJisi PO3MITKH, CTBOPECHHS
KEPIBHUX MPUHIIUIIB PO3MITKHU Ta YIPABIIHHS MPOLECOM PO3MITKHU.

Y pocmimkeHHI PO3MITKH JaHUX JUIS 3a7ad  JeTeKIlli 00’€KTIB 3a JOIMOMOIOIO
iHcTpyMeHTy po3MmiTku CVAT, omucaHi yMOBHM TPOBEJICHHS E€KCIEPUMEHTIB Ta HaBEJEHI
pe3yNbTaTh EKCIEPUMEHTIB IS PO3MITKH BiJIeOJaHUX 0e€3 Ta 3 aBTOMATU3AIIE 3
BUKOPUCTAHHSAM IIXO/IB HYJIbOBOTO Ta aKTUBHOTO HABYAHHS, a TAKOX TyaJlbHOTO MIIXOJY.
Pe3ynbTaTu e€KCHEpUMEHTIB TMOKa3ald, IO MEAIaHHUW dYac PO3MITKH OOpaHUX BIIEO
3alpONOHOBAHUM JyaJIbHUM MiX0A0M ckiaB 4,3 xsunund. Lle 3a0e3neuymnno npuckopeHHs Ha
125% y mopiBHsHHI 3 migxoAoMm Oe3 aBToMaru3alii, Ha 25% y TOpPIBHAHHI 3 MiAXOAOM
HYJILOBOTO HaB4YaHHs Ta Ha 34% y MOPIBHSHHI 3 M1IXOJA0M aKTUBHOTO HaB4YaHHs. Bukonanuit
CTaTUCTUYHUM aHali3 CBIQYUThH, [0 BIPOBAKEHHS aBTOMATHU3allll 3HAYHO MIJABUILYE
MPOAYKTUBHICTh, OCOOJMBO TIPU BUKOPUCTAHHI JyaJbHOTO MIAXOAYy, SKHUH IOKa3aB
HaWHIKYUM cepeHId Yac BUKOHAHHS 3aB/laHb Ta CTAaTUCTUYHO 3HAYUMY IEpeBary Haj

IHITAMHA MECTOJaMH aBTOMaTH3aHii.
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TakuM 4MHOM, METY IO NPUIIBUIIICHHIO MPOIECY PO3MITKH 00’ €KTIB Ha BIICOAaHUX,
MOCTaBJIEHY B paMKax I[l€l IUCepTALIHOT pOOOTH, TOCATHYTO. PO3po0iieHnit nyaabHUM MiIX1]
JIOBIB CBOIO €(EKTHBHICTh, 3MEHUIYIOYM CYTTEBO 4Yac, HEOOXIIHUU M1 PO3MITKH, 1

M1JIBUILYIOYH TPOTYKTUBHICTh MPOIIECY PO3MITKHU.
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BUCHOBKH

VY nucepraiiiiHiii poOOTI BHUPINIEHO aKTyaJlbHE HAYKOBE 3aBAaHHS II1JBUILCHHS
IIBUJIKOCTI PO3MITKU BIJIEOJAHUX Y KOHTEKCTI 3aBJaHb JAETEKIll 00’€KTIB 3a paxyHOK
PO3pOOKK METO/IIB Ta MPOrPAMHOT0 3a0€3MeUEHHS 111 PO3MITKH B1I€OJIJAHUX, 1110 MiIBUIIYIOTh
TOYHICTh PO3MITKM JaHUX, BUKOHAHY aBTOMATHU30BAHUMHU 3acOo0aMM, Ta 3MEHIIYIOIOTh 4ac,
HEOOX1IHUI Ha JOPO3MITKY JIOJIUHOIO.

VY pe3ynbTaTi AUCEPTALIAHOTO AOCIHIKEHHS OTPUMAHO TaKi HAayKOBI 1 MpaKTUYHI

pe3yNbTaTH:

1. 3anponoHOBaHO qyalbHY apXITEKTypy NPOrpaMHOro 3a0e3MeUeHHs 11 aBTOMATHU30BaHO1
PO3MITKHA JaHUX, $Ka, 3a paxyHOK METOAYy aJalnTUBHO-arperoBaHOTO HaBYaHHS
HelipoMepexi, 3a0e3nedye MPUIIBUIINICHHS MPOLECY PO3MITKHM Ta, Ha BIAMIHY BIJ
ICHYIOUHMX aHaJOriB, Ja€ 3MOTy €(EeKTHBHOTO 3aCTOCYBaHHS HYJIHOBOI'O Ta aKTUBHOTO
HAaBUYAHHS HEUpOMepexki sl PO3MITKM JIaHMX Ta OLIbII THYYKOrO BUKOPUCTAHHS
MPOTrPaMHOr0 3a0e3MeUeHHs sl pI3HOMaHITHUX 3a71a4 KOMIT FOTEpHOTO0 30py. Po3pobieHi
METOJIM Ta MPOrpaMHl 3acCO0U CIPHUSIOTH IMABUILCHHIO MIBUAKOCTI PO3MITKH JTaHUX IS
3a/lad JIETEKIll Ha BiJIe0, 3HMXKYIOUM 4Yac, BUTPAYCHHN Ha pO3MITKY AaHuX, Ha 125%
BIJIHOCHO MiAXOAIB 0e3 aBTOMaru3allii pO3MITKH AaHUX Ta Ha 25% BIIHOCHO IHIIHUX
M1JIX0/11B aBTOMAaTH3alli1.

2. 3amporoHOBaHO METOJ IplopuTe3alii PO3MITKH BiICOJaHMX Il HaBYAHHS HEHPOHHOI
Mepexi, AKUH, 3a paxXyHOK BIAOOpY HAWCKIAMHIMIMX 3pa3KiB Il HaBYAHHS, MIJIBUIILYE
AKICTh Ha0Opy MaHuX 0Oe3 MPOBEAEHHSA MOMEPEAHBOT PO3MITKHU BiJI€O, BHACTIIOK YOTO
30UIBIIYETHCS TOUHICTH JIETEKI1i 00’ €KTIB Ha B1JI€0, Ta, HA BI/IMIHY BiJl ICHYIOUHX MI1AXO/IIB,
0a3yeTbCs BHUKJIIOYHO Ha aBTOMATUYHO 3TEHEPOBAHIN penpe3eHTalii JaHuX. 3aBlSKU
BIIPOBAI>)KEHHIO 3aIIPONIOHOBAHOTO MIJIXOAY Y MPOIEC HaBYaHHS JIJIsl HeMpoMepek Ha 0a3i

apxitektypu Video Swin Transformer Oyno oTpuMaHO MiABUIIEHHS TOYHOCTI Ha 3ajiayl
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posmizHaBaHHA i Ha Bigeo Ha Kinetics-400 (tounicts 84,4% Tom-1 1 96,5% Tom-5
TOYHOCTI), 1110 M1JIBUIIY€ TOYHICTH POOOTH METOY B cepeaHboMy Ha 1,3% y nopiBHsIHHI 3
BUKOPUCTAHHSAM BHUMAJKOBOI BUOIPKH BiIEO 3 TOTO * PO3MOJLIY JAHUX y MOPIBHSHHI 3
OpUTIHAJIBHUM T17X0/10M 710 HaBYaHHs Video Swin Transformer.

3anpornoHOBaHO 1ITEPATUBHUM METO] BUOOPY KIIFOYOBHUX KaJIpiB Ha BiJI€O, IO J1a€ 3MOTY
BU3HAYaTH KJIIOYOBI KaJpU Ta CETMEHTH B1JI€0 3 MOCTYIOBUM ITiJIBUIIIEHHSM TOYHOCTI, Ta,
Ha BIJIMiHY BiJl ICHYIOUMX METO/IiB, BpaXOBYBaTU JTUHAMIYHO 3MIHU KOHTEHTY BI1A€O s
BUOOPY KIIIOYOBUX KaJpiB, MIJABUIIYIOYM TOYHICTH CETMEHTAIlli Ta 3MEHIIYI0Yd OOCST
BiJIeOJIaHUX Ji1 00poOKH. [IpakTU4H1 TOCTIKEHHS 3aMpOIIOHOBAHOTO METOJy MOKa3aJlu
NIJBULIEHHS SKOCTI y3araJbHEHHS 3MICTY Biieo Ha Habopax nanux SumMe ta TVSum Ha
+0,6% Tta +0,5% BIANOBIIHO Ta 3MEHILEHHS 00'eMy BIJICOJaHUX IS MTOAANBIIOI OOPOOKHU
B cepelHbOMY B 6 pa3iB y nopiBHsAHHI 3 MeTogoM D-KTS.

3anponoHOBAaHO METOJ arperaiii 3HaHb MIX TEKCTOBOIO Ta BI3yaJIbHOIO YAaCTHHAMH Y
Bi3yanbHO-MOBHIM Mozeni (VLM) st 00poOKu CKIaqHUX MYJIbTUMOJATBHUX B3a€EMO/IIN,
110 3abe3neuye OUIbII BUCOKY TOYHICTh PO3IMI3HABAHHS CKJIAJHUX CIEH Ha BIJEO Ta iX
ONKMCY Y MOpPIBHSHHI 3 ICHYIOUMMH aHaJoramu. 3ampoloHOBaHUM miaxiy Attr4Vis,
00’ €IHYI0UM BC1 BUIIIE3rajJlaHl IHHOBAIlli, Jocsrae TogyHocTi 91,5% Top-1 Ha HAbOp1 JaHuX
Kinetics-400, 110 € 611bI1 BUCOKUM pPE3yJIbTATOM Y MOPIBHSHHI 3 ICHYIOUMMH M1X0IaMH.
3anpornoHOBaHUM MiIX1]l Ma€ IEPCIEKTUBH /11 BUBUCHHS Mepeiadul 3HaHb M1k Bi3yalbHOIO
Ta TEKCTOBOIO MojanbHOCTAMHM VLM Mopnenedt Ta, BoAgHOYAC, MiABUILYE TOYHICTD

pO3Mi3HaBaHHS aTpHOYTIB.
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JTOJATOK A
YACTHUHA IPOTPAMHOTO KOJIY PO3POBJIEHOTO
BEB3ACTOCYHKY

HardSampleMining.py

import torch

import torch.nn as nn

from torch.utils.data import DatalLoader, Dataset

from transformers import VideoSwinModel, VideoSwinConfig
from sklearn.cluster import KMeans

from sklearn.metrics import pairwise distances argmin min

import numpy as np

class VideoDataset(Dataset):
def init (self, videos, labels):
self.videos = videos

self.labels = labels

def len (self):

return len(self.videos)

def  getitem  (self, 1dx):

return self.videos[idx], self.labels[idx]

class HardSampleMining:

def init (self, videos, labels, epochs, num samples, device='cuda'):
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nmn

Initializes the HardSampleMining class with the dataset and training parameters.

Parameters:

videos (list): List of video data points.

labels (list): List of labels corresponding to the videos.
epochs (int): Number of training epochs.
num_samples (int): Number of hard samples to select each epoch.
device (str): Device to use for training (‘cuda’ or 'cpu').
self.videos = np.array(videos)

self.labels = np.array(labels)

self.epochs = epochs

self.num_samples = num_samples

self.dataset = list(zip(self.videos, self.labels))
self.device = device

self.model = self.initialize model()

self.criterion = nn.CrossEntropyLoss()

self.optimizer = torch.optim.Adam(self.model.parameters(), Ir=1e-4)

def initialize model(self):

nmn

Initializes the Video Swin Transformer Large model.

Returns:

nn.Module: The Video Swin Transformer model.

nmn
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config = VideoSwinConfig.from_pretrained("'microsoft/videomae-large')
model = VideoSwinModel(config)
model.to(self.device)

return model

def train_model(self, train_data):

nmn

Trains the model on the given dataset for one epoch.

Parameters:

train_data (list): List of training data points.

train_loader = Dataloader(VideoDataset(*zip(*train_data)), batch size=4,
shuffle=True)

self.model.train()

for videos, labels in train _loader:
videos = videos.to(self.device)

labels = labels.to(self.device)

outputs = self.model(videos).logits

loss = self.criterion(outputs, labels)

self.optimizer.zero grad()
loss.backward()

self.optimizer.step()
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print(f"Training loss: {loss.item()}")

def get embeddings(self, data):

nmn

Generates embeddings for the given data points.

Parameters:

data (list): List of data points to generate embeddings for.

Returns:
np.array: Array of embeddings for the data points.
self.model.eval()

embeddings = []

with torch.no_grad():
for video in data:
video tensor = torch.tensor(video).unsqueeze(0).to(self.device)
embedding = self.model(video_tensor).pooler output

embeddings.append(embedding.cpu().numpy().flatten())

return np.array(embeddings)

def hard sample mining(self):

nmn

Performs hard sample mining and trains the model over multiple epochs.

nmn
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for epoch in range(self.epochs):
print(f"Epoch {epoch + 1}/{self.epochs}")
embeddings = self.get embeddings(self.videos)
k = self.determine k(embeddings)
kmeans = KMeans(n_clusters=k).fit(embeddings)

distances = kmeans.transform(embeddings)

hard samples = self.select hard samples(distances)

train_data = self.oversample(hard samples)

self.train_model(train_data)

def determine k(self, embeddings):

nmn

Determines the number of clusters K using the Elbow method.

Parameters:

embeddings (np.array): Array of embeddings.

Returns:

int: The number of clusters.

nmn

distortions = []

K =range(1, 400)

for k in K:
kmeans = KMeans(n_clusters=k).fit(embeddings)
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distortions.append(sum(np.min(pairwise distances argmin min(embeddings,

kmeans.cluster centers )[1]) ** 2))

# Finding the elbow point
k optimal = np.diff(distortions, 2).argmax() + 2

return k_optimal

def select hard samples(self, distances):

nmn

Selects hard samples based on distances from cluster centers.

Parameters:

distances (np.array): Array of distances from cluster centers.

Returns:

list: List of indices of selected hard samples.

nmn

closest indices = np.argsort(distances, axis=0)[:self.num_samples].flatten()
furthest indices = np.argsort(distances, axis=0)[-self.num_samples:].flatten()

return closest_indices.tolist() + furthest indices.tolist()

def oversample(self, hard sample indices):

nmn

Oversamples the dataset by replacing samples with selected hard samples.

Parameters:

hard sample indices (list): List of indices of selected hard samples.
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Returns:
list: Oversampled training dataset.
hard samples = [self.dataset[i] for 1 in hard sample indices]

return self.dataset + hard samples

FrameSelection.py
import torch
import torch.nn as nn

from torch.utils.data import DatalLoader, Dataset

class KeyframeSelectionModel(nn.Module):
def init (self):
super(KeyframeSelectionModel, self). init ()

# Define your model layers here

def forward(self, x):
# Define the forward pass

return X

class VideoDataset(Dataset):
def init (self, frames, labels):

self.frames = frames

self.labels = labels

def len (self):
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return len(self.frames)

def getitem  (self, 1dx):

return self.frames[idx], self.labels[1dx]

class FrameSelectionAndTraining:
def init (self, model, sequence length, padding length, loss function, alpha,
device='cuda'):
Initializes the FrameSelectionAndTraining class with the keyframe selection model

and parameters.

Parameters:

model (nn.Module): Keyframe selection model.
sequence_length (int): Pre-defined processing sequence length.
padding_length (int): Refinement padding length.
loss_function (function): Loss function.

alpha (float): Regularization parameter.

device (str): Device to use for training (‘cuda’ or 'cpu').
self.model = model.to(device)

self.sequence length = sequence length
self.padding_length = padding_length
self.loss_function = loss_function

self.alpha = alpha

self.device = device

self.optimizer = torch.optim.Adam(self.model.parameters(), Ir=1e-4)
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def pad frames(self, frames):

nmn

Pads frames to the pre-defined sequence length.

Parameters:

frames (list): List of video frames.

Returns:

list: Padded list of frames.

if len(frames) < self.sequence length:
padding = [torch.zeros_like(frames[0])] * (self.sequence length - len(frames))
frames.extend(padding)

return frames

def subsample frames(self, frames, num_samples):

nmn

Subsamples frames to the desired number of samples.

Parameters:
frames (list): List of video frames.

num_samples (int): Number of samples to subsample.

Returns:

list: Subsampled list of frames.

nmn
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indices = np.linspace(0, len(frames) - 1, num_samples).astype(int)

return [frames[i] for 1 in indices]

def get importance scores(self, frames):

nmn

Gets importance scores from the model for the given frames.

Parameters:

frames (list): List of video frames.

Returns:

torch.Tensor: Importance scores.

self.model.eval()

with torch.no_grad():
frames_tensor = torch.stack(frames).to(self.device)
scores = self.model(frames_tensor)

return scores

def border refinement(self, frames, scores):

nmn

Performs border refinement on the frames based on importance scores.

Parameters:
frames (list): List of video frames.

scores (torch.Tensor): Importance scores.
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Returns:

list: Refined list of frames.
refined frames =[]

scores = scores.cpu().numpy()

indices = np.argsort(scores)[::-1]

while len(refined frames) < self.sequence length:
for idx in indices:
if idx not in refined frames:
refined frames.append(frames[idx])
if len(refined frames) >= self.sequence length:
break
for p in range(idx - self.padding length, idx + self.padding_length + 1):
if 0 <= p <len(frames) and p not in refined frames:
refined frames.append(frames[p])
if len(refined frames) >= self.sequence length:
break

return refined frames|[:self.sequence length]

def train(self, frames, labels):

nmn

Trains the model on the given frames and labels.

Parameters:
frames (list): List of video frames.

labels (list): List of labels corresponding to the frames.
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nmn

padded frames = self.pad_frames(frames)
subsampled frames = self.subsample frames(padded frames,
self.sequence length)

subsampled scores = self.get importance scores(subsampled frames)

refined frames = self.border refinement(padded frames, subsampled scores)

refined_scores = self.get importance scores(refined frames)

labels_tensor = torch.tensor(labels).to(self.device)

loss = self.loss_function(subsampled_scores, labels tensor) + \
self.loss function(refined_scores, labels tensor) - \

self.alpha * ((refined scores - subsampled scores) ** 2).mean()

self.optimizer.zero grad()
loss.backward()

self.optimizer.step()

print(f"Training loss: {loss.item()}")

EnrichLexicon.py

import openai

import torch

from transformers import AutoModel, AutoTokenizer
import numpy as np

from scipy.spatial.distance import cosine
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# Set your OpenAl API key
openai.api_key ='"YOUR _OPENAI API KEY'

class TextualEmbeddingModel:

def init (self, model name='intfloat/multilingual-e5-large'):

nmn

Initializes the TextualEmbeddingModel with a pre-trained model.

Parameters:

model name (str): Name of the pre-trained model.

nmn

self.tokenizer = AutoTokenizer.from_pretrained(model name)
self.model = AutoModel.from_pretrained(model name)

self.model.eval()

def get embedding(self, text):

nmn

Generates an embedding for the given text.

Parameters:

text (str): The text to generate an embedding for.

Returns:

np.array: The generated embedding.

nmn

inputs = self.tokenizer(text, return_tensors='pt', truncation=True, padding=True)



with torch.no_grad():
outputs = self.model(**inputs)

return outputs.last hidden state.mean(dim=1).squeeze().numpy()

def chatgpt prompt(prompt):

nmn

Sends a prompt to the ChatGPT API and gets the response.

Parameters:

prompt (str): The prompt to send to ChatGPT.

Returns:
list: A list of generated labels.
response = openai.Completion.create(
model="text-davinci-003",
prompt=prompt,
max_tokens=150,
temperature=0.7,
n=1,
stop=None
)
result = response.choices[0].text.strip()

return [label.strip() for label in result.split(',")]

def deduplicate labels(enriched labels, model, threshold):

nmn
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Deduplicates labels based on semantic meaning using cosine similarity.

Parameters:

enriched labels (list): List of enriched labels.

model (TextualEmbeddingModel): Textual embedding model.
threshold (float): Deduplication threshold.

Returns:

list: List of deduplicated labels.

embeddings = [model.get embedding(label) for label in enriched labels]
unique_labels =[]

unique embeddings = []

for 1, emb in enumerate(embeddings):
1s_unique = True
for u_emb in unique embeddings:
if cosine(emb, u_emb) < threshold:
i1s_unique = False
break
if is_unique:
unique_labels.append(enriched labels[i])
unique_embeddings.append(emb)

return unique_labels

def main(dataset, labels, model, threshold):
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nmn

Main function to generate enriched labels and deduplicate them.

Parameters:

dataset (str): Name of the dataset.

labels (list): List of labels.

model (TextualEmbeddingModel): Textual embedding model.
threshold (float): Deduplication threshold.

Returns:
list: List of deduplicated labels.
enriched labels = set()
for label in labels:
prompt = f"You are a domain expert in the {dataset} dataset, helping develop a
labeling system. Generate additional labels that will enrich {label} label of {dataset} dataset.
Format output as comma separated labels."
result = chatgpt prompt(prompt)

enriched labels.update(result)

deduplicated labels = deduplicate labels(list(enriched labels), model, threshold)

return deduplicated labels

DualArch.py
import torch
import numpy as np

from segment anything import SamPredictor



from internvideo import InternVideoPredictor

class ActiveLearningModel:

def init (self):

nmn

Initializes the ActiveLearningModel using the InternVideo model.

nmn

self.model = InternVideoPredictor() # Initialize the InternVideo model

def predict(self, batch):

nmn

Predicts using the active learning model.

Parameters:

batch (list): The batch of data.

Returns:

list: The predictions.

# Placeholder for actual prediction logic
return self.model.predict(batch)

class ZeroShotModel:
def init (self):

nmn

Initializes the ZeroShotModel using the SAM model.

nmn

215



216

self.model = SamPredictor() # Initialize the SAM model

def predict(self, batch):

nmn

Predicts using the zero-shot learning model.

Parameters:

batch (list): The batch of data.

Returns:

list: The predictions.

# Placeholder for actual prediction logic
return self.model.predict(batch)

def process_dataset(dataset, labels, active_model, zero shot model, map function):

nmn

Processes the dataset using active learning and zero-shot learning models.

Parameters:

dataset (list): The dataset.

labels (list): The dataset labels.

active_model (ActiveLearningModel): The active learning model.
zero_shot_model (ZeroShotModel): The zero-shot learning model.

map_function (function): The quality function (mAP).

Yields:
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list: The predictions.
a,b, control=1,1,0

mode = "Zero"

for batch in dataset:
results = active_model.predict(batch)
if control == 0:
results zero = zero_shot _model.predict(batch)
if mode == "Active":
yield results
else:
yield results_zero
anno = zero_shot model.predict(batch)
if map_function(results, anno) > map function(results zero, anno):
control = b
a,b=b,a+bhb
mode = "Active"
else:
a,b, control=1,1,0
mode = "Zero"
else:
control -= 1

yield results

Dockerfile
ARG PIP_VERSION=22.0.2
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ARG BASE IMAGE=ubuntu:22.04

FROM ${BASE IMAGE} as build-image-base

RUN apt-get update && \

DEBIAN_ FRONTEND=noninteractive apt-get --no-install-recommends install -yq \
curl \
g++\
gce \
git \
libgeos-dev \
libldap2-dev \
libsas]2-dev \
make \
nasm \
pkg-config \
python3-dev \
python3-pip \

&& rm -rf /var/lib/apt/lists/*

ARG PIP_VERSION

ENV PIP_DISABLE PIP_VERSION CHECK=1

RUN --mount=type=cache,target=/root/.cache/pip/http \
python3 -m pip install -U pip==$ {PIP_ VERSION}

# We build OpenH264, FFmpeg and PyAV in a separate build stage,

# because this way Docker can do it in parallel to all the other packages.
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FROM build-image-base AS build-image-av

# Compile Openh264 and FFmpeg
ARG PREFIX=/opt/ffmpeg
ARG PKG_CONFIG_PATH=${PREFIX}/lib/pkgconfig

ENV FFMPEG VERSION=4.3.1 \
OPENH264 VERSION=2.1.1

WORKDIR /tmp/openh264
RUN curl -sL
https://github.com/cisco/openh264/archive/v§ {OPENH264 VERSION} .tar.gz --output - | \
tar -zx --strip-components=1 && \

make -j5 && make install-shared PREFIX=${PREFIX} && make clean

WORKDIR /tmp/ffmpeg
RUN curl -sL https:/ffmpeg.org/releases/ffmpeg-$ {FFMPEG_VERSION} .tar.gz --
output - |\
tar -zx --strip-components=1 && \
./configure --disable-nonfree --disable-gpl --enable-libopenh264 \
--enable-shared --disable-static --disable-doc --disable-programs --
prefix="$ {PREFIX}" && \
make -J5 && make install && make clean

COPY utils/dataset manifest/requirements.txt

/tmp/utils/dataset manifest/requirements.txt
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# Since we're using pip-compile-multi, each dependency can only be listed in
# one requirements file. In the case of PyAV, that should be

# "dataset_manifest/requirements.txt’. Make sure it's actually there,

# and then remove everything else.

RUN grep -q "“av=="/tmp/utils/dataset manifest/requirements.txt

RUN sed -1 '/*av==/!d' /tmp/utils/dataset manifest/requirements.txt

# Work around https://github.com/PyAV-Org/PyAV/issues/1140
RUN pip install setuptools wheel 'cython<3'

RUN --mount=type=cache,target=/root/.cache/pip/http \
python3 -m pip wheel --no-binary=av --no-build-isolation \
-r /tmp/utils/dataset manifest/requirements.txt \

-w /tmp/wheelhouse

# This stage builds wheels for all dependencies (except PyAV)
FROM build-image-base AS build-image

COPY cvat/requirements/ /tmp/cvat/requirements/
COPY utils/dataset manifest/requirements.txt

/tmp/utils/dataset manifest/requirements.txt

# Exclude av from the requirements file

RUN sed -1 '/*av==/d' /tmp/utils/dataset manifest/requirements.txt

ARG CVAT CONFIGURATION="production"
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RUN --mount=type=cache,target=/root/.cache/pip/http \
DATUMARO_ HEADLESS=1 python3 -m pip wheel --no-deps \
-r /tmp/cvat/requirements/$ {CVAT CONFIGURATION}.txt \

-w /tmp/wheelhouse

FROM golang:1.20.5 AS build-smokescreen

RUN git clone --depth=1 -b v0.0.4 https://github.com/stripe/smokescreen.git
RUN cd smokescreen && go build -o /tmp/smokescreen

FROM ${BASE IMAGE}

ARG http_proxy

ARG https_proxy

ARG no_proxy="nuclio,$ {no_proxy}"
ARG socks proxy

ARG TZ="Etc/UTC"

ENV TERM=xterm \
http_proxy=$ {http proxy} \
https_proxy=$ {https_proxy} \
no_proxy=${no_proxy} \
socks proxy=S${socks proxy} \
LANG='C.UTF-8' \

LC ALL='C.UTF-8'\
TZ=${TZ}
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ARG USER="django"
ARG CVAT CONFIGURATION="production"
ENV
DJANGO_SETTINGS MODULE="cvat.settings.$ {CVAT _CONFIGURATION}"

# Install necessary apt packages
RUN apt-get update && \
DEBIAN_ FRONTEND=noninteractive apt-get --no-install-recommends install -yq \

bzip2 \

ca-certificates \

curl \

git \

libgeos-c1v5 \

libgl1 \

libgomp1 \

libldap-2.5-0 \

libpython3.10 \

libsasl2-2 \

nginx \

p7zip-full \

poppler-utils \

python3 \

python3-distutils \

python3-venv \

supervisor \

tzdata \

&& In -fs /usr/share/zoneinfo/${TZ} /etc/localtime && \
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dpkg-reconfigure -f noninteractive tzdata && \
rm -rf /var/lib/apt/lists/* && \

echo 'application/wasm wasm' >> /etc/mime.types

# Install smokescreen

COPY --from=build-smokescreen /tmp/smokescreen /usr/local/bin/smokescreen

# Add a non-root user

ENV USER=${USER}

ENV HOME /home/$ {USER}

RUN adduser --shell /bin/bash --disabled-password --gecos "" ${USER}

ARG CLAM_AV="no"
RUNif [ "SCLAM_AV" ="yes" ]; then \
apt-get update && \
apt-get --no-install-recommends install -yq \
clamav \
libclamunrar9 && \

sed -1 's/ReceiveTimeout 30/ReceiveTimeout 300/g' /etc/clamav/freshclam.conf

freshclam && \
chown -R ${USER}:${USER} /var/lib/clamav && \
rm -rf /var/lib/apt/lists/*; \

fi

# Install wheels from the build image

RUN python3 -m venv /opt/venv
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ENV PATH="/opt/venv/bin:$ {PATH}"
ARG PIP_VERSION
ARG PIP DISABLE PIP VERSION CHECK=1

RUN python -m pip install -U pip==${PIP_ VERSION}
RUN --mount=type=bind,from=build-
image,source=/tmp/wheelhouse,target=/mnt/wheelhouse \
--mount=type=bind,from=build-image-
av,source=/tmp/wheelhouse,target=/mnt/wheelhouse-av \

python -m pip install --no-index /mnt/wheelhouse/*.whl /mnt/wheelhouse-av/*.whl

ENV NUMPROCS=1
COPY --from=build-image-av /opt/ffmpeg/lib /usr/lib

# These variables are required for supervisord substitutions in files
# This library allows remote python debugging with VS Code
ARG CVAT DEBUG ENABLED
RUNif [ "${CVAT DEBUG _ENABLED}" ='yes' |; then \
python3 -m pip install --no-cache-dir debugpy; \
fi

# Install and initialize CVAT, copy all necessary files

COPY cvat/nginx.conf /etc/nginx/nginx.conf

COPY --chown=$ {USER} components /tmp/components

COPY --chown=$ {USER} supervisord/ $ {HOME}/supervisord

COPY  --chown=${USER}  wait-for-it.sh manage.py backend entrypoint.sh
wait_for deps.sh ${HOME}/
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COPY --chown=$ {USER! utils/ $ {HOME/utils
COPY --chown=$ {USER} cvat/ $ {HOME}/cvat
COPY --chown=${USER} rgscheduler.py $ {HOME}

ARG COVERAGE PROCESS START
RUN if [ "${COVERAGE PROCESS START}" ]; then \
echo "import coverage; coverage.process_startup()" >

/opt/venv/lib/python3.10/site-packages/coverage subprocess.pth; \
fi

# RUN all commands below as 'django' user
USER ${USER}
WORKDIR $§ {HOME}

RUN mkdir -p data share keys logs /tmp/supervisord static

EXPOSE 8080

ENTRYPOINT ["./backend entrypoint.sh"]
Dockerfile.mmaction2

ARG PYTORCH="1.8.1"

ARG CUDA="10.2"

ARG CUDNN="7"

FROM pytorch/pytorch:${PYTORCH}-cuda$ { CUDA }-cudnn$ { CUDNN }-devel

ENV TORCH CUDA ARCH_LIST="6.0 6.1 7.0+PTX"
ENV TORCH NVCC_FLAGS="-Xfatbin -compress-all"
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ENV CMAKE PREFIX PATH="$(dirname $(which conda))/../"

# fetch the key refer to https://forums.developer.nvidia.com/t/18-04-cuda-docker-image-
is-broken/212892/9
RUN apt-key adv --fetch-keys
https://developer.download.nvidia.com/compute/cuda/repos/ubuntul 804/x86 64/3bf863cc.pu
b 32
RUN apt-key adv --fetch-keys
https://developer.download.nvidia.com/compute/machine-
learning/repos/ubuntul 804/x86 64/7fa2af80.pub
RUN apt-get update && apt-get install -y git ninja-build libglib2.0-0 libsm6 libxrender-
dev libxext6 ffmpeg \
&& apt-get clean \
&& rm -rf /var/lib/apt/lists/*

# Install MMCV
RUN pip install openmim

RUN mim install mmengine mmcv

# Install MM Action2

RUN conda clean --all

RUN git clone https://github.com/open-mmlab/mmaction2.git /mmaction2
WORKDIR /mmaction2

RUN mkdir -p /mmaction2/data

ENV FORCE _CUDA="1"

RUN git checkout main

RUN pip install cython --no-cache-dir
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RUN pip install --no-cache-dir -e .

dist_test.sh

#!/usr/bin/env bash

set -x

CONFIG=$1

CHECKPOINT=$2

GPUS=$3

NNODES=$ {NNODES:-1}
NODE_RANK=${NODE_RANK:-0}
PORT=${PORT:-29500}

MASTER ADDR=${MASTER ADDR:-"127.0.0.1"}

PYTHONPATH="$(dirname $0)/..":$PYTHONPATH \
# Arguments starting from the forth one are captured by ${(@:4}
python -m torch.distributed.launch --nnodes=§NNODES --node rank=§NODE RANK
--master addr=SMASTER ADDR \
--nproc_per node=$GPUS --master port=$PORT $(dirname "$0")/test.py SCONFIG
$CHECKPOINT --launcher pytorch ${@:4}

dist_train.sh

#!/usr/bin/env bash

set -x
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CONFIG=$1

GPUS=$2

NNODES=$ {NNODES:-1}
NODE_RANK=${NODE_RANK:-0}
PORT=${PORT:-29500}

MASTER ADDR=${MASTER ADDR:-"127.0.0.1"}

PYTHONPATH="$(dirname $0)/..":$PYTHONPATH \
python -m torch.distributed.launch --nnodes=§NNODES --node rank=§NODE RANK
--master addr=SMASTER ADDR \
--nproc_per node=$GPUS  --master port=$PORT  $(dirname  "$0")/train.py
$CONFIG --launcher pytorch ${@:3}
# Any arguments from the third one are captured by ${@:3}

test.py

# Copyright (c) OpenMMLab. All rights reserved.
import argparse

import 0s

import os.path as osp

from mmengine.config import Config, DictAction

from mmengine.runner import Runner

from mmaction.registry import RUNNERS

def parse args():



229

parser = argparse.ArgumentParser(
description="MMAction?2 test (and eval) a model")
parser.add argument('config', help="test config file path")
parser.add argument('checkpoint', help='checkpoint file')
parser.add argument(
'--work-dir',
help="the directory to save the file containing evaluation metrics')
parser.add argument(
'--dump',
type=str,
help='dump predictions to a pickle file for offline evaluation')
parser.add argument(
'--cfg-options',
nargs="t',
action=DictAction,
help='override some settings in the used config, the key-value pair'
'In xxx=yyy format will be merged into config file. If the value to '
'be overwritten is a list, it should be like key="[a,b]" or key=a,b '
'It also allows nested list/tuple values, e.g. key="[(a,b),(c,d)]""
'Note that the quotation marks are necessary and that no white space '
'1s allowed.")
parser.add argument(
'--show-dir',
help='directory where the visualization images will be saved.")
parser.add argument(
'--show',

action='store true',
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help='whether to display the prediction results in a window.")
parser.add argument(

'--interval',

type=int,

default=1,

help='visualize per interval samples.')
parser.add argument(

'--wait-time',

type=float,

default=2,

help='display time of every window. (second)')
parser.add argument(

'--launcher’,

choices=["none', ‘pytorch’, 'slurm', 'mpi'],

default="none',

help='job launcher")
parser.add argument('--local rank', '--local-rank’, type=int, default=0)
args = parser.parse_args()
if 'LOCAL_ RANK!' not in os.environ:

os.environ['LOCAL RANK!'] = str(args.local rank)

return args

def merge args(cfg, args):

nmn

""Merge CLI arguments to config.

if args.show or (args.show_dir is not None):



assert 'visualization' in cfg.default hooks, \
'VisualizationHook is not set in the "default hooks™ field of ' \

'config. Please set "visualization=dict(type="VisualizationHook")"'

cfg.default hooks.visualization.enable = True

cfg.default _hooks.visualization.show = args.show
cfg.default _hooks.visualization.wait_time = args.wait_time
cfg.default _hooks.visualization.out dir = args.show_dir

cfg.default hooks.visualization.interval = args.interval

if args.dump is not None:
assert args.dump.endswith((".pkl', ".pickle")), \
"The dump file must be a pkl file.'
dump metric = dict(type='"DumpResults', out_file path=args.dump)
if isinstance(cfg.test evaluator, (list, tuple)):
cfg.test_evaluator = list(cfg.test_evaluator)
cfg.test evaluator.append(dump_metric)
else:

cfg.test evaluator = [cfg.test evaluator, dump metric]

return cfg

def main():

args = parse_args()
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# load config

cfg = Config.fromfile(args.config)
cfg = merge args(cfg, args)
cfg.launcher = args.launcher

if args.cfg_options is not None:

cfg.merge from dict(args.cfg options)

# work _dir is determined in this priority: CLI > segment in file > filename
if args.work _dir is not None:
# update configs according to CLI args if args.work dir is not None
cfg.work dir = args.work_dir
elif cfg.get('work dir', None) is None:
# use config filename as default work dir if cfg.work dir 1s None
cfg.work dir = osp.join('./work _dirs',

osp.splitext(osp.basename(args.config))[0])

cfg.load from = args.checkpoint

# build the runner from config
if 'runner_type' not in cfg:
# build the default runner
runner = Runner.from_cfg(cfg)
else:
# build customized runner from the registry
# if 'runner_type' is set in the cfg

runner = RUNNERS.build(cfg)



# start testing

runner.test()

' '

if name ==' main_ "

main()

train.py

# Copyright (c) OpenMMLab. All rights reserved.
import argparse

import 0s

import os.path as osp

from mmengine.config import Config, DictAction

from mmengine.runner import Runner

from mmaction.registry import RUNNERS

def parse args():
parser = argparse.ArgumentParser(description="Train a action recognizer")
parser.add argument('config', help="train config file path')
parser.add argument('--work-dir', help="the dir to save logs and models')
parser.add argument(
'--resume’,
nargs='7",

type=str,
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const="auto',
help='If specify checkpoint path, resume from it, while if not '
'specify, try to auto resume from the latest checkpoint'
'in the work directory.")
parser.add argument(
--amp’,
action='store_true',
help='enable automatic-mixed-precision training')
parser.add argument(
'--no-validate',
action='store_true',
help='whether not to evaluate the checkpoint during training')
parser.add argument(
'--auto-scale-Ir',
action='store_true',
help='whether to auto scale the learning rate according to the '

'actual batch size and the original batch size.")

parser.add argument('--seed', type=int, default=None, help="random seed')

parser.add argument(

'--diff-rank-seed',

action='store_true',

help='whether or not set different seeds for different ranks')
parser.add argument(

'--deterministic',

action='store_true',

help='whether to set deterministic options for CUDNN backend.")

parser.add argument(
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'--cfg-options',
nargs="+,
action=DictAction,
help='override some settings in the used config, the key-value pair'
'In xxx=yyy format will be merged into config file. If the value to '
'be overwritten is a list, it should be like key="[a,b]" or key=a,b "'
'It also allows nested list/tuple values, e.g. key="[(a,b),(c,d)]""
'Note that the quotation marks are necessary and that no white space '
'"1s allowed.")
parser.add argument(
'--launcher’,
choices=["none', ‘pytorch’, 'slurm', 'mpi'],
default="none',
help='job launcher")
parser.add argument('--local rank', '--local-rank’, type=int, default=0)
args = parser.parse_args()
if 'LOCAL_ RANK!' not in os.environ:
os.environ['LOCAL RANK!'] = str(args.local rank)

return args

def merge args(cfg, args):

"""Merge CLI arguments to config."""
if args.no_validate:

cfg.val cfg = None

cfg.val dataloader = None
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cfg.val evaluator = None

cfg.launcher = args.launcher

# work _dir is determined in this priority: CLI > segment in file > filename
if args.work _dir is not None:
# update configs according to CLI args if args.work dir is not None
cfg.work dir = args.work_dir
elif cfg.get('work dir', None) is None:
# use config filename as default work dir if cfg.work dir 1s None
cfg.work dir = osp.join('./work _dirs',

osp.splitext(osp.basename(args.config))[0])

# enable automatic-mixed-precision training
if args.amp is True:
optim_wrapper = cfg.optim_wrapper.get('type', 'OptimWrapper')
assert optim_wrapper in ['OptimWrapper', 'AmpOptimWrapper'], \
"--amp’ is not supported custom optimizer wrapper type '\
£ {optim_wrapper}.'
cfg.optim_wrapper.type = 'AmpOptimWrapper'

cfg.optim_wrapper.setdefault('loss_scale', 'dynamic')

# resume training

if args.resume == 'auto":
cfg.resume = True
cfg.load from = None

elif args.resume is not None:



cfg.resume = True

cfg.load from = args.resume

# enable auto scale learning rate
if args.auto_scale Ir:

cfg.auto_scale Ir.enable = True

# set random seeds
if cfg.get('randomness', None) is None:
cfg.randomness = dict(
seed=args.seed,
diff rank seed=args.diff rank seed,

deterministic=args.deterministic)

if args.cfg_options is not None:

cfg.merge from dict(args.cfg options)

return cfg

def main():

args = parse_args()

cfg = Config.fromfile(args.config)

# merge cli arguments to config

cfg = merge args(cfg, args)

237



# build the runner from config
if 'runner_type' not in cfg:
# build the default runner
runner = Runner.from_cfg(cfg)
else:
# build customized runner from the registry
# if 'runner_type' is set in the cfg

runner = RUNNERS.build(cfg)

# start training

runner.train()

'

if name ==' main_ "

main()

webpack.config.cjs

// Copyright (C) 2020-2022 Intel Corporation
// Copyright (C) 2023 CVAT.ai Corporation
//

// SPDX-License-Identifier: MIT

const path = require('path');

const CopyPlugin = require('copy-webpack-plugin');

const webConfig = {
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target: 'web',
mode: 'production’,
devtool: 'source-map’',
entry: {
'cvat-core': './src/api.ts',
fs
output: {
path: path.resolve(__dirname, 'dist'),
filename: '[name].[contenthash].min.js',
library: 'cvatCore',
libraryTarget: 'window',
fs
resolve: {
extensions: ['.ts', '.js'],
fallback: {
url: false,
}s
fs

module: {
rules: [
{
test: /.ts?$/,
exclude: /node _modules/,
use: {
loader: 'babel-loader’,
options: {

plugins: [
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'@babel/plugin-proposal-class-properties',
'@babel/plugin-proposal-optional-chaining',

I,

presets: ['@babel/preset-env', '@babel/typescript'],

sourceType: 'unambiguous',

¥
plugins: [
new CopyPlugin({

patterns: [

{

from: '../cvat-data/src/ts/3rdparty/avc.wasm',
to: 'assets/3rdparty/,
s
1,
$)s
1,
s

module.exports = webConfig;

package.json

{

"name": "cvat-core",



241

"version": "14.0.0",
n.n

"type": "module",

"description": "Part of Computer Vision Tool which presents an interface for client-

side integration",

"main": "src/api.ts",

"scripts": {

"build": "webpack",

"test": "jest --config=jest.config.cjs --coverage",
"type-check": "tsc --noEmit",

"type-check:watch": "yarn run type-check --watch"

s

"author": "CVAT.ai",

"license": "MIT",

"browserslist": [

"Chrome >= 63",
"Firefox > 102",
"not IE 11",

" 90

1,

"devDependencies": {
"(@babel/preset-typescript": "*7.23.3",
"babel-jest": "*29.7.0",
"babel-plugin-transform-import-meta": "*2.2.1",
"jest": "129.5.0",

"jest-config": "729.5.0",
"Jjest-environment-jsdom": "*29.5.0",

"jest-junit": "16.4.0"
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"dependencies": {
"(@types/lodash": ""4.14.191",
"axios": ""1.6.0",
"axios-retry": "*4.0.0",
"cvat-data": "link:./../cvat-data",
"detect-browser": "*5.2.1",
"error-stack-parser": "*2.0.2",
"form-data": "*4.0.0",
"js-cookie": "*3.0.1",
"json-logic-js": "*2.0.1",
"lodash": ""4.17.21",
"platform": "~1.3.5",
"quickhull": "*1.0.3",

"store": "72.0.12",

"tus-js-client": "*3.0.1"

babel.config.json

{
"presets": [
[
"(@babel/preset-env",
{
"targets": {

n.n

"node": "current"
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b
1,
"(@babel/preset-typescript”
1,
"plugins": [

"babel-plugin-transform-import-meta"

test.config.json

// Copyright (C) 2019-2022 Intel Corporation
// Copyright (C) 2023 CVAT.ai Corporation
//

// SPDX-License-Identifier: MIT

const { defaults } = require('jest-config');

module.exports = {
testEnvironment: 'jsdom’,
coverageDirectory: 'reports/coverage’,
coverageReporters: ['json', ['lcov', { projectRoot: "../" }]],
moduleFileExtensions: [...defaults.moduleFileExtensions, 'ts', 'tsx'],
reporters: ['default’, ['jest-junit', { outputDirectory: 'reports/junit' }]],
testMatch: ['**/tests/**/*.cjs'],
testPathlgnorePatterns: ['/node _modules/, '/tests/mocks/*'],

automock: false,
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jest.config.json

// Copyright (C) 2019-2022 Intel Corporation
// Copyright (C) 2023 CVAT.ai Corporation
//

// SPDX-License-Identifier: MIT

const { defaults } = require('jest-config');

module.exports = {
testEnvironment: 'jsdom’,
coverageDirectory: 'reports/coverage’,
coverageReporters: ['json', ['lcov', { projectRoot: "../" }]],
moduleFileExtensions: [...defaults.moduleFileExtensions, 'ts', 'tsx'],
reporters: ['default’, ['jest-junit', { outputDirectory: 'reports/junit' }]],
testMatch: ['**/tests/**/*.cjs'],
testPathlgnorePatterns: ['/node _modules/, '/tests/mocks/*'],

automock: false,

canvas.ts

// Copyright (C) 2019-2022 Intel Corporation

// Copyright (C) 2022-2023 CVAT.ai Corporation
//

// SPDX-License-Identifier: MIT
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import {
DrawData, MergeData, SplitData, GroupData,
JoinData, SliceData, MasksEditData,
InteractionData as _InteractionData,
InteractionResult as _InteractionResult,
CanvasModel, CanvasModellmpl, RectDrawingMethod,
CuboidDrawingMethod, Configuration, Geometry, Mode,
HighlightSeverity as HighlightSeverity, CanvasHint as _CanvasHint,
} from './canvasModel';
import { Master } from './master’;
import { CanvasController, CanvasControllerImpl } from './canvasController';

import { CanvasView, CanvasViewlmpl } from '/canvasView';

import '../scss/canvas.scss';

import pjson from '../../package.json';

const CanvasVersion = pjson.version;

interface Canvas {

html(): HTMLDivElement;

setup(frameData: any, objectStates: any[], zLayer?: number): void;

setuplssueRegions(issueRegions: Record<number, { hidden: boolean; points:
number([] }>): void;

setupConflictRegions(clientID: number): number[];

activate(clientID: number | null, attributeID?: number): void;

highlight(clientIDs: number[] | null, severity: HighlightSeverity | null): void;

rotate(rotationAngle: number): void;



focus(clientID: number, padding?: number): void;
fit(): void;
grid(stepX: number, stepY: number): void;

interact(interactionData: InteractionData): void;
draw(drawData: DrawData): void;
edit(editData: MasksEditData): void;
group(groupData: GroupData): void;
join(joinData: JoinData): void;

slice(sliceData: SliceData): void;
split(splitData: SplitData): void;
merge(mergeData: MergeData): void;

select(objectState: any): void,

fitCanvas(): void;

bitmap(enable: boolean): void,
selectRegion(enable: boolean): void;
dragCanvas(enable: boolean): void;

zoomCanvas(enable: boolean): void;

mode(): Mode;

cancel(): void;

configure(configuration: Configuration): void;
isAbleToChangeFrame(): boolean;

destroy(): void;

readonly geometry: Geometry;
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class CanvasImpl implements Canvas {
private model: CanvasModel & Master;
private controller: CanvasController;

private view: CanvasView;

public constructor() {
this.model = new CanvasModellmpl();
this.controller = new CanvasControllerImpl(this.model);

this.view = new CanvasViewImpl(this.model, this.controller);

public html(): HTMLDivElement {

return this.view.html();

public setup(frameData: any, objectStates: any[], zLayer = 0): void {

this.model.setup(frameData, objectStates, zLayer);

public setuplssueRegions(issueRegions: Record<number, { hidden: boolean; points:

number([] }>): void {

this.model.setuplssueRegions(issueRegions);

public setupConflictRegions(clientID: number): number|[] {
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return this.view.setupConflictRegions(clientID);

public fitCanvas(): void {
this.model.fitCanvas(this.view.html().clientWidth, this.view.html().clientHeight);

public bitmap(enable: boolean): void {

this.model.bitmap(enable);

public selectRegion(enable: boolean): void {

this.model.selectRegion(enable);

public dragCanvas(enable: boolean): void {

this.model.dragCanvas(enable);

public zoomCanvas(enable: boolean): void {

this.model.zoomCanvas(enable);

public activate(clientID: number | null, attributeID: number | null = null): void {

this.model.activate(clientID, attributeID);



void {
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public highlight(clientIDs: number[] | null, severity: HighlightSeverity | null = null):

this.model.highlight(clientIDs, severity);

public rotate(rotationAngle: number): void {

this.model.rotate(rotationAngle);

public focus(clientID: number, padding = 0): void {
this.model.focus(clientID, padding);

public fit(): void {
this.model.fit();

public grid(stepX: number, stepY: number): void {
this.model.grid(stepX, stepY);

public interact(interactionData: InteractionData): void {

this.model.interact(interactionData);

public draw(drawData: DrawData): void {

this.model.draw(drawData);



public edit(editData: MasksEditData): void {
this.model.edit(editData);

public split(splitData: SplitData): void {
this.model.split(splitData);

public group(groupData: GroupData): void {
this.model.group(groupData);

public join(joinData: JoinData): void {

this.model.join(joinData);

public slice(sliceData: SliceData): void {

this.model.slice(sliceData);

public merge(mergeData: MergeData): void {

this.model.merge(mergeData);

public select(objectState: any): void {
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this.model.select(objectState);

public mode(): Mode {

return this.model.mode;

public cancel(): void {

this.model.cancel();

public configure(configuration: Configuration): void {

this.model.configure(configuration);

public isAbleToChangeFrame(): boolean {
return this.model.isAbleToChangeFrame();

public get geometry(): Geometry {

return this.model.geometry;

public destroy(): void {
this.model.destroy();
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export type InteractionData = InteractionData;
export type CanvasHint = CanvasHint;
export type InteractionResult = InteractionResult;

export type HighlightSeverity = HighlightSeverity;

export {
CanvasImpl as Canvas, CanvasVersion, RectDrawingMethod,

CuboidDrawingMethod, Mode as CanvasMode,
55



253

JIOJIATOK B.
IPA®IYHE NPEJCTABJEHHS APXITEKTYPH
PO3POBJIEHOT'O MTPOTPAMHOIO 3ABE3INEYEHHS

[ ]
p =
]
|

DB Contrain

Redis MQ Container
Redis Container

Postgres

=

ML Container

@
£
©
K. N e
’o =
(3} £
\ 4 P [T
o -
S £ =
5 ©llo
. 3 || 2
N NI 2
s |- E|l o
c S| o|| %
o <& =| Q
E <] D) 2lgle
= L s k|
g (<)) < g/ <=
o c goU
oA sl L]
o —
5 X 5|2
£ => ¢ ||9
K] < =l E
:%O 2|
18 S5 S| 3
rEH o
T
o




254

JTOJIATOK B.
BUXIJHI JAHI JJISI TPA®IKA BE3 ABTOMATHU3ALIIL

HPOLHECY PO3MITKH BIIEOJAHUX

€6 €Ll 60l v'6 v'6 v'6 L'6 9'6 8'6 L0l ]2
oafmg
YAV v 6. 9°. L', v'8 29 L9 v'9 69 6
oafmg
Gl L'l a €Ll Gl Gzl 66 6Ll L2l L1l 8
oafmg
L2l G'el vzl L'el 6L el L'el L'yl €ClL 1'GL L
oafmg
G'6 ‘6 '8 G'6 Z'8 G'8 9'6 v'8 1'6 0. 9
oafmg
L8 z'6 L', v'8 L', 6L L'6 8. €. 0’6 S
oafmg
9ClL v'el 8'cl vzl L2l 8l v'el Gyl el L'el 1%
oafmg
8Ll 90l 0ClL zclL 00l G'olL z'ol €Ll 90l G'6 €
oafmg
'8 Z'L Z'L '8 9'g V'L V'L z'6 G/ G/ e
oafmg
v'olL 9'6 60l z'6 66 G'6 60l 0ClL 00l €6 I
oafmg
ol 6 8 L 9 S 14 € [4 L
"LINEOd | "LINEO | "LINEO | "LINEO | "LINEOd | "LINEO | "LINEO | "LINEO | "LINEOd | "LINEOd




255

JOJIATOKT.
BUXIJHI JAHI JJISI TPA®IKA 3 ABTOMATHU3ALIICIO

HPOHECY PO3MITKHU BIIEOJAHUX YEPE3 IIIIXO/JU 3

HYJbOBUM HABYAHHAM

YL 2’8 0'L 09 g's 9% €Y L'V Z's Z'9 0T
oalrg
€7 ¥'E 2T L'E 2T 6'¢ 9'C 6'¢ 8'C 6'T 6
oalrg
1L L'9 €8 Z's ¥'8 Z'L Z'9 9'9 1L 0'8 8
oalrg
'8 ¥'6 G'L 18 z'ot €01 9'8 96 YL L'0T L
oalrg
0% g'e 6'T 0'S 1's 1'e 1'e |4 4 0'¢ 9
oalrg
6'¢ €Y 6'C A €7 LY 8% 0'c g'e ' g
oalrg
'8 z'ot 96 18 €6 80T ¥'8 8’6 Sor 8'L 14
oalrg
8's 9'g 9'L 9'8 9'9 9%y L'S ¥9 Z's ¥'8 €
oalrg
Sy ' g'e Z's 0% 87 A g's 1T ' c
oalrg
g's 6'v G'L A 8% 8% 1L ¥'8 ¥9 ¥'S T
oalrg
ol 6 8 L 9 S 14 € c I
"1INEOd | "LINEOd | "LINEO | "LINEO | "LINEO | "LINEO | "LINEO | "LINEO | "LINEO | "LINEOd




256

JIOJIATOK JI.
BUXIJHI JAHI JJISI TPA®IKA 3 ABTOMATHU3ALIICIO

HPOHECY PO3MITKHU BIIEOJAHUX YEPE3 IIIIXO/JU 3

AKTUBHOI'O HABYAHHSA

1'e Sz Z'e LT ¥'e 1 't ¥'C LT 't ot
oalrg
8'C A 6'C 4 LT 2t 1C 1 9T 1C 6 09T1g
1C 0C 9'¢ 8'C ¥'C €Y 9'¢ S 6'S LT g 09Il
19 2t 'L g'e YL LY Z's 9% 6'S 1's L 09Y1g
€9 L'S S LY Z'e LY 6'¢ 8% ¥'S |84 9 09Y1g
09 g‘s 9% €Y 0% 6'S 'L 19 A LY G 0al1g
801 S0t A 8's 101 Al L0T AN 56 68 ¥ oalrlg
¥'6 6'L 90T 0TT 08 ¥'8 L0T AN S8 00T € 0aY1g
Z'6 18 06 €6 101 S'L 18 Z'6 1’6 ¥'8 ¢ oaY1g
70T 70T 121 68 L'6 6'6 6'L ST 8'6 96 T o9Y1g
ol 6 8 L 9 g 14 € [4 3
"LINEOd | "LINEOd | "LINEOd | "LINEOd | "LINEO | "LINEO | "LINEO | "LINEO | "LINEO | "LINEOd




257

JOJATOK E. BUXITHI JAHI JJISA TPADIKA 3
ABTOMATHU3ALICIO ITPOLECY POSMITKHU BITEOJAHHUX
YEPE3 3AIIPOINIOHOBAHMM NIAXIJ 3 1YAJBHOIO
APXITEKTYPOIO

= N N Q N o) e N - Q -

'S ) < o) [e9) ) < © ~ ~ )

S

o

o «~—

- o ~N ) ~N ™ N < <) < N

= < < ) =) < ™ o ~ — ~

= —

™

[

oo

= N N o o o o N 0 o N

'S ~ ™ ~ o ~ — ~ ) ~ ™

™

[o]

0. oo

= N N o — N < - Q ™ ~

'S ™ 7o) [e9) 0 — i) [eo) ~ ~ ~

™

[

o~

= Sl o o ™M ™ — N < ™~ <

= < < Ne) o ~ 7o) o ~ — )

= —

™

[

o ©

= Sl ol O Q ~ — ™M ™M N N

= < — < o < ) =) < ~ —

= — —

™

[

o w

= — N ™~ < xQ - O Q - N

'S I~ ™ o) [eo) < ) [eo) ) ~ ~

)

[

o<

= < n < Q S — o N ~ <

'S 0 o) Ne) o %) < o < — ~

™

[

o™

= < — N N N < N o o ™~

= o) ~ 7o) o ) < I~ o) — —

= —

)

[

o N

= < N < Q N S ~ ~ - N

= ) < [e9) I~ < ) =) ~ ~ ~

= —

™

[e]

o «~—
— ~N ™ < n Ne) ~ © o| oo
o o o o o o o o ol &
o o o o o o o o o| H
=t =t =t = =t =t =t =t Sl m
M M M M M M M M M




JJOJATOK €. JIATPAMU NPELEJAEHTIB JIJIS1 POJIEA
«PO3ITYUK» TA <AIMIHICTPATOP» IHCTPYMEHTY
PO3SMITKH

NMepernAg eigeo/

e 4 306paKeHL
<<includes>

Mepernan naHux

=<includes:=
BuanaqexHA obnacrel
iHTEpECY

BuaHaueHHA
__-°F\ KaTeropid ob'exTis
<<include=:=

Knacudikauia
of'eKTia
<<.ir;cludc>>

- a[MpuaHayeHHA ob'ekTiB
A0 KaTeropii

CTBOpeHHA HoBOT
PO3MITKK

PoamiTymi
[AHNX

aincludess
o

epesipka TOMHOCTI
ABTOMaTUYHO
PO3MMEHMX OAHMX

Po3MiTka faHKx  <<includess-

Ty
<dincludes=

PearyBakia
*-4f lcHylouol Ta BrnpasnemHa
NOMUNOK ABTOMATHYHE]
POAMITKM DaHK

3fepexeHHA
pesynkLTarie
POSMITKI AAHWX

258



MepernAg,
LWOAEHHIK/
LWOTHXHEBUX
38iTie npo

AHani3 3gitis npo

NPOAYKTHBHICTE

AHania kKinekocTi

<<jn’cluda>> PO3MINEHWX NaHWX

MOHITOPHHT
NpoayKTUBHOCTI
DO3MITKM OEHKX

BuaHaueHHA afiois
afo 3aTPUMOK Y
npoueci

<eincludes>

BU3HA4YEHHA NPUHK
HM3LKOT
NPoAYKTHBHOCTI

BuaHaueHHA Ta
poanogin ponei y
cucTemi

HanawTysasHA npae \ .-
Rocrymy

OHOBNEHHA CIMCKY
KopUCTyBavie anA
poni

YnpaeniH4A
AocTynamu oo
CHCTEMU

epesipka xypHanie
AocTyny Ao
IHCTpYMeEHTIB

AoMmiHicTpatop

<ncludess
MoHiTopuur gocTynie .
ecingludess

BUABNEHHR Ta
VCYHEHHA
HesignoeigHocTER

3anyck anropuTMie
AKTUBHOMO HaBYaHHA

\<z<includes=
3anyck anropuTmie -
aBTOMAaTHYHOI

PO3MITKK

3anyck anropuTMie
HYNLOBOTD HABHAHHA

AnMinicTpauia
apToMaTr3auil
npoLecy PoamiTKiL
NaHux

POIWMDEHHA HABODY

AAHWX 4NA HABYAHHA
ANTOPHTMIB MALIKHHOTO
HAB4AHHR

BafieaneqeHHa
BOPOTHLOMD 3B'ASKY n.nﬂ},‘ :
a.nerlnTMiB MEWHHOTO

HABYAHHA

includes>
anropuTiis
MaILNHHOTD

HaBYaHHA

259



260

JOJATOK K. NEPEJIK NYBJIKAIIA

Crarri y paxoBUX BUAAHHAX, BKJIYECHUX /10 NepesiKy HAYyKOBUX (paxoBUX BU/IaHb
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HAayKOBO-T€XHIYHUM KypHall «ANaNTUBHI CUCTEMH aBTOMATHYHOTO YIPaBIIHHS.
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3. Zarichkovyi, A., Stetsenko, I.V. (2023) ‘Boundary Refinement via Zoom-In
Algorithm for Keyshot Video Summarization of Long Sequences’, Lecture Notes on
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5 32.
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proceedings of the scientific conference:

6. Zarichkovyi, A., Stetsenko, 1.V. Improving cross-modal knowledge exploration of
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