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Pedepar:

1. Incepralist npucBsYeHa BUPIlIEHHIO aKTyabHOI HAyKOBO-TEXHIYHO]I 3a/1a4ui po3p0o0JIeHHsI MeTO/iB Ta 3aC00iB
IIOIIYKY Ta PO3Mi3HABAaHHS O0'€KTIB Y Bile0300paKeHHSIX Ha MOOIIbHIN M71aT(POPMi Y peaslbHOMY 4aci. Y BCTymi
OOGI'PYHTOBAHO aKTyaJIbHICTb TEMU IUCEPTALiHUX JOCIiIKEeHb, C(POPMYIbOBAHO METY JOCJIiIPKEHHS Ta HAYyKOBO-
TexHiYHi 3aBHaHHs, HEOOXiHI 1715 ii JOCSITHEHHS, TOKa3aHOo 3B'SI30K JOCJIIPKEHHS 3 HAYKOBUMU IIporpamMamu Ta
TE€MaMH, HaBeJIEeHO HayKOBY HOBU3HY OTPUMAaHUX PE3YJIbTaTiB, iX IPaKTUYHY LiHHICTh Ta 0COOMCTHI BHECOK
3p06yBaya. [logaHo BifoMOCTi Ipo anpobaliitio pe3yabTaTiB po60TH Ta 0COOMCTHN BHECOK aBTOpa Ta MOTo
ny6sikauii. Y nepmomy pospaisii IpoBeieHo aHajli3 iCHYI04MX MigXo4iB 1o iHTerpauii cucTeM MoImyKy Ta
pO3Ii3HaBaHHS 00'€KTIB, a caMe Pi3BHOBUY Ta apXiTEKTYPHi 0CO6IMBOCTI MoJesell po3Ili3HaBaHHS, Ta aJlTOPUTMIB
BiICTEXXyBaHHS JOBUJILHOTO KJacy 00’eKTiB. Pe3ysbTaTy aHasizy nokasanu Mo iHTerpauis Takux CUCTEM BUMarae
3aCTOCYBaHHIO IIeBHOTO Habopy inbTpiB, crerianizoBaHux QyHKIIN akKTUBALLii, Ta aJITOPUTMIB BifiCT€>KEHHS

00'eKTiB. YV X0[Ii aHai3y, IK 6a30By HEMPOHHY MEPE>XKy 00paHO CiMENCTBO MOjiesiel 3TOPTKOBUX HEMPOHHUX MEPEX



Yolo, sk Hai6isbII IEPCIIEKTUBHY Y rajy3i po3mizHaBaHHs 06’eKTiB. JlogaTKOBO MIPOBEIEHO aHAai3 iCHyI0unx
MOOIJIBHUX CHCTEM [1JIs [IOIIYKY Ta PO3Ili3HaBaHHS 00’eKTiB y peasibHOMY yaci. BusHadyeHo, 110 BeJIMKOI0
IIpo6J1eEMaTUKOIO TaKKX CUCTEM € BifICyTHICTh €(PEKTHBHOI I/1IaT(POPMU aBTOMAaTUYHOTO TPEHYBaHHS Ta iHTerpatiii
Mogesnell y MobinbHy mnargopmy. Takoxk ofHi€l 3 IPO6JIEM € MifBULIEHHS e(EKTUBHOCTI POOOTU TaKUX CUCTEM,
OCKIiJIbKM BOHU IIEPEBAXKHO MAlOTh OOMEXKEHI arlapaTHi MOXKJIMBOCTI. SIK BUCHOBOK [I0 [1€PIIOTO PO3Aisy,
copmoBaHO Habip METO/IB Ta 3aCO6IB /1Jis1 BUpillIeHHS IPO6JIeMH ITOLIYKY Ta PO3I1i3HABAHHS Y Bileo300pakeHHIX
Ha MOGisbHIN NnyaTdopMi y peaslbHOMY 4aci Ta cpOpMyJIbOBAHO 3aBJAHHS TUCEPTALIMHOIO AOCTiIpKEHHS. Y
IPYroMy pO37isi 3aIpONOHOBAHO METPUKH OLiHIOBAHHS PE3yJIbTATiB PO3Ii3HABAHHS Ta BiJICTE>KEHHS 00 €KTiB.
CdopmMoBaHO Ta ONMCaHO 3arajbHy CTPYKTYPY MOJeli 3ropTKOBOi HelipoHHOI Mepexi Yolov4 1y MobinbHOi
miatgopmu. Bukopuctano moaudikoBaHU MeTo, KjacTepusaliii 06’ekTiB po3nizHaBaHHS Ha 6a3i k-cepenHix++ aJs
(popMyBaHHS SIKOPIiB po3Ni3HaBaHHA. Po3pobiieHo meTonu QinbTpauii pe3ysbraris posmnizHaBaHHs. Po3pobieHo 3
aJITOPUTMA BiJICTEXXEHHS 00'€KTIiB: aJITOPUTMIUHNI, aJITOPATMIYHNI 3 HABYAHHSIM 3 TiIKPIMIEHHSIM Ta aITOPUTM
OIIEpaTUBHOTO BiJICTe>KeHHs Ha 6a3i MiHiMizaifiHoro ginbTpy IOU, 3 BUKOpUCTaHHSAM YTOPCBKOIO aJITOPUTMY SIK
dyHKii 36DKHOCTI. PO3po61eHO MeToAu MeMOi3allii 00’eKTiB BiICTEXXEHHS. 3allpOIIOHOBAHO METO]] KBAHTU3Allii
BUXiTHMX BaroBux KoeQillieHTiB 3TOPTKOBOI HEMPOHHOI MepeXi MeTo oM apiHHUX [1EPETBOPEHD. Y TPETHOMY
PO3Iii, 3rifHO 3 3aIIPOIIOHOBAaHNMU METOIaMU Ta 3ac06aMu, po3po0JIeHO arOPUTMU TPEHYBAaHHS MO e
3TOPTKOBOi HEPOHHOI Mepe>Ki, aBBTOMAaTUYHOT'O aHOTYBAHHSI BXiTHUX 300pa’keHb Ta KOHBEPTYBaHHS MOJeJli y
CoreML ¢opmart a1 MobinbHOI nmaTopMu. 3rifHO 0OpaHUX 3ac0o6iB MaclITabyBaHHS Ta KOHTelHepu3auii Docker,
noby0BaHa CTPYKTypa CUCTEMU aBTOHOMOTO aHOTYBaHHS, TPEHYBaHHS Ta KOHBepTaLii Takoi Mmogesi. 3 aHoi
CTPYKTYpY MO>KHA BUIINUTH Docker KOHTeHepH /115 KOXXHOT'O MOJYJIsl /cepBica, sIKi BAKOPUCTOBYIOTb
MaciTaboBaHi arapaTHi MOKJIMBOCTI onepalifiHoi cuctemu. ONnucaHO B3a€MO3aJIESKHOCTI MiXK KOKHUM €JIEMEHTOM
Takoi cucreMu. 3anporIOHOBAHO 3aci6 iHTerpaltlii BOyJ0BaHOrO MOIYJIs [71s BiICTEXXEHHSI PyXOMUX 00’€KTIiB Ha
MOO6inbHIN mardgopmi iOS. IHTerparis nossrae y BuKopucTtanHi 6i6iorexku JavaScriptCore 11 mepefadi JaHUX
MIX CUCTEMOIO Ta MOZYJIeM. Y YETBEPTOMY PO3[iJii [IpefiCTaBlIeHO PO3po6JeHy apXiTeKTypy CUCTEM Ha MOOINIbHIN
onepauiiHii cucremi iOS Ta onepauiiHiil cucremi Ubuntu Ta 06IPyHTOBaHO BUOIp KOMIIOHEHT TaKUX CHUCTEM.
[TpencraBneHo pe3ybTaTH aHaii3y Ta anpobarii cucremu. OTpUMaHi pe3ybTaTH LOCiIKeHHS MiATBepAnIn
eeKTUBHICTb aJITOPUTMIB IIOLIYKY Ta PO3Ii3HaBaHHS y peaabHOMY 4aci. KitouoBi cyioBa: posmi3HaBaHHS 00'€KTIB,
aJITOPUTM BiICTE>XXEHHS 00'€KTiB, (isIbTpallisi pe3yJbTaTiB po3Ii3HaBaHHS, MacCIITabOBaHe cepefoBUlle, PYHKILii
aKTuBalii, Bimeo3o6paskeHHs, MobisbHA m1aTgpopma, 3ropTKOBa HEMPOHHA Mepeska, peasibHuil MacmTab yacy, 4yac
IIOIIYKY OO'EKTIB, 4ac po3Mi3HaBaHHS 00 €KTiB, MaciTaboBaHa cuctema Docker, cimeiicTBO Mozesneli 3ropTKOBUX

HelpoHHUX MepeX Yolo, anroputMmu kiaactepusaliii, Yropcbkuit anroputm, adiHHi nepeTBopeHHs.

2. The Ph.D. thesis is devoted to solving the current scientific and technical problem of developing real-time
methods to search and recognize objects in video images on a mobile platform. The introduction substantiates the
relevance of the topic of dissertation research, formulates the purpose of the study and the scientific and technical
tasks necessary to achieve it, shows the connection of the study with scientific programs and topics, provides the
scientific novelty of the results obtained, their practical value and the personal contribution of the applicant.
Information about the work results' testing and the author's personal contribution and publication are presented.
The first section analyzes existing approaches to integrating search and object recognition systems, namely,
varieties and architectural features of recognition models and algorithms for tracking an arbitrary class of objects.
The analysis results showed that integrating such systems requires applying a particular set of filters, specialized
activation functions, and object-tracking algorithms. During the analysis, the Yolo family of convolutional neural
network models was chosen as the basic neural network, as the most promising in the field of object recognition.
In addition, an analysis of existing mobile systems for searching and recognizing objects in real time was carried
out. It was determined that a significant problem of such systems is the lack of an effective platform for automatic
training and integrating models into the mobile platform. Also, one of the problems is increasing the efficiency of
such systems since they mostly have limited hardware capabilities. As a conclusion to the first chapter, a set of
methods and tools for solving the problem of search and recognition in video images on a mobile platform in real
time was formed, and the task of the dissertation research was formulated. In the second section, metrics for



evaluating the results of object recognition and tracking were proposed. The general structure of the Yolov4
convolutional neural network model for the mobile platform is formed and described. A modified method of
recognition object clustering based on k-means++ was used to create recognition anchors. Methods of filtering
recognition results have been developed. Three object tracking algorithms have been developed: algorithmic,
algorithmic with reinforcement learning, and an operational tracking algorithm based on the IOU minimization
filter, using the Hungarian algorithm as a convergence function. Methods of memoization of tracking objects have
been developed. Finally, a method of quantizing the output weight coefficients of a convolutional neural network
by affine transformations is proposed. In the third chapter, according to the proposed methods and tools,
algorithms for training the convolutional neural network model, automatic annotation of input images, and
conversion of the model into CoreML format for the mobile platform are developed. According to the selected
means of scaling and containerization of Docker, the structure of the system of autonomous annotation, training,
and conversion of such a model was built. From this structure, Docker containers can be extracted for each
module /service, which will offer scalable hardware capabilities of the operating system. The interdependence
between each element of such a system is described. A means of integrating a built-in module for tracking moving
objects on the iOS mobile platform is proposed. The integration takes place with the use of the JavaScriptCore
library for data transfer between the system and the module.. The fourth chapter presents the developed system
architecture of the iOS mobile operating system and the Ubuntu operating system and justifies the choice of
components of such systems. The results of system analysis and testing are presented. The obtained research
results confirmed the effectiveness of search and recognition algorithms in real time. Keywords: object
recognition, object tracking algorithm, results filtering, scalable environment, activation functions, video images,
mobile platform, convolutional neural network, real-time map, object search time, object recognition time, scalable
Docker system, Yolo cluster of convolutional neural network models.
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