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2. Development of technology and software tools for detecting and recognizing objects in real time

Pedepar:

1. AKTyasbHICTh TEMU [OCIIiIPKEHHSI 00YMOBJIEHO iCHYIOUMUM IIPOTUPIYYSIM MK YCKIaTHEHHSIM Mofesen
IJIMOMHHOTO HaBYaHHS [IPY BUKOPUCTAHHI iCHYI0UMX [IPOTPaMHUX pillleHb, 3 OJJHOTO 60KY, Ta 3pOCTaHHSIM
TPYIHOLIIB iHTEpIIpeTaLii X MOJeseN y IPUKIaAHOMY 3aCTOCYBAHHI 3 MiABUILIEHHAM MIBUAKOLII IpoLenypu
POB3IIi3HABaHHS Ta BiJICTE>KEHHS 00'€KTIiB y peXXuMi peasibHOro 4acy - 3 iHmoro 60Ky. Cdepa 3acToCyBaHHS
0e3MiNoTHUX JliTanbHUX anaparis (BrJIA) nocTiitHO 3pocTae i BUHUKae HEOOXigHICTh afamnTallii aJIropuTMiB
MaIIMHHOTO HaBYaHHA Ta MOJeJIel ITIMOMHHOIO HaBYaHHS /1 BUKOPUCTAHHS caMe Ha 60pTy BriJIA npu BpaxyBaHHi
06MEXXEHOCTI Ha 06UNCIII0BaJIbHI pecypct Ta crenudiky opraHisalii OTpUMaHOro BileONOTOKY JaHuX. Y po6oTi

MiJKPECII0ETLCS Bara BKe iCHyl0UMX apXiTeKTYPHUX pillleHb peasidalil 3ropTKOBOi HEUPOHHOI MEPEXi IPU



BMKOPHMCTaHHI METOZIB Ta aJITOPUTMiB MAIIMHHOTO HABYaHHS. BCTaHOBJIEHE TPOTUPIYUS [0JIA€THCSI BHECEHHSIM
IOJATKOBUX YMOB 7151 3a71a4i OTIPalibOBYBaHHS BEJIMKOIO HAOOPY 300pakeHb BileONOTOKY, KU TIOCTIHO
OHOBJIIOETHCSI TA MOXKE BMilllyBaT iH(pOpMaLlilo PO 06'€KTU Pi3HOTO po3Mipy Ta GOPMHU [1Jis 3aa4i pO3Mi3HABAHHS
Ta BiICTE>XXeHHS. BuinseTbcss HEOOXiIHICTh BUKOPUCTAHHS B 3aIIPOIIOHOBAHOMY [TPOTPAaMHOMY PilllEHHi
azanToBaHoi QYHKLii BTpAT 1J1s1 MiATPUMKU IPUIHATTS pillleHb HA OCHOBI CIIOCTEPEXXEHUX JAHUX. AKTYaIbHOIO B
il TEMaTULi € 3aJa4a 3JIUTTS O3HAK 3TOPTKOBUX HEVPOHHUX MEPEX JIJIs1 IPOCTOPOBOTO T4 YaCOBOTO MOTOKIB.
MeTo10 po6OTH € NiJBUILEHHS TOYHOCTI BUSIBJIEHHS, PO3I1i3HaBaHHSI Ta BiICTEXXEHHS 00'€KTiB B PEXKUMi peajlbHOro
Jacy Ta peasizauii BinnosigHoi TexXHOJI0Til y BUrgai nporpamHoro 3aco6y. O6’eKTOM AOCHIIKEHHS € TIPOLIeCH
OTIpAllIOBaHHS JAHUX B 337ja4ax BUSIBJIEHHS, PO3I1i3HAaBaHHS Ta BiICTEXXeHHs 00'€KTIB y Pe>KMMi PeasIbHOro 4acy.
[IpepmeToM AOCTiIKEHHS € MOJeJli, aJITOPUTMU Ta TEXHOJIOTii BUKOPUCTAaHHS 3TOPTKOBUX HEMPOHHUX MEPEX M1JIs1
BUpilI€HHS 337a4i pO3Mi3HABAaHHS Ta BiICTEXXEHHS 00'€KTa Y PEXXUMIi peasIbHOTo Yacy. BHyTpilIHs jiorika
IIPOrPaMHOro 3a6e3reyeHHs po3po6JIeHoi TeXHOIOrii T06yJ0BaHa 3 BUKOPHUCTAHHSIM KOMIIOHEHTHO-OPiEHTOBAHOTO
nipxony. Ins peanizatlii o6uncieHb BUKOPUCTAHO Taki 6i6ioTeky, sik Pytorch, Ultralytics, NumPy, OpenCV2 Ta
Matplotlib. [l1s1 po3ropTaHHs Liei TEXHOJIOTIi 3aIIpONOHOBAHO pearizallis JeKijJIbKOX TOYOK iHTerpalii. Haykosa
HOBU3HA Pe3YJbTATiB JOCJiIPKEHHS MOJIIra€e B HAaCTYITHOMY: — BIIeplIe PO3PO06JIEHO APXiTEKTYPHE pillleHHs
no6y10BM HEMPOHHOI 3rOpTKOBOI Mepexki 3a1aui BUSIBJIEHHS], PO3IIi3HaBaHHSI Ta BifICTEXXEHHS 00'eKTiB B peXXuMi
PEeaJIbHOTrO Yacy, 1O BiIPi3HSETHCS BiJl iCHYI0UOrO PillleHHS THUM, 110 BUKOPUCTOBYE OiJbIlly KiJIbKiCTb 0JIOKIB
po3Ii3HaBaHHS 00'eKTiB Pi3HOTO po3Mipy, sIKe € OITUMI30BaHe IJ1s1 3a7ja4 KOHKPETHOI IPeAMEeTHOI 00J1aCTi; -
BIIEpILIE OOIPYHTOBAHO MOKJIMBICTb BUKOPUCTAHHS B po3po0iieHiil TexHosorii PFNB-6110Ky, sikuii 6a3yeTbcs Ha
apxitekTypHOMY pimeHHi Faster-Net, 1110 BAKOPUCTOBY€E 6araToMacitabHy MepexKy 06 €JHaHHS O3HAK JIJIs
IeMOHCTpallii IOKpalleHOi TOYHOCTi po3Mi3HaBaHHS y IIOPiBHSIHHI 3 6a30BOI0 TEXHOJIOTIEI0; — BIEpIIe
copmoBaHuil BnacHUi Habip JaHux 115 anpobalii po3po6ieHo] TeXHOJIOTI T0YMHAI0YY 3 €TaIly PO3Ii3HaBaHHS
00'€KTIB Y BiJleOIOTOL, IKUI BKJIIOYAa€ 06'€eKTH Pi3HOro MacuTady BUBHAUEHOI IpeAMeTHOI 00J1aCTi, o
niATBEpAXy€e ePEeKTUBHICTb pO3p06JI€HOI MOJIeli; — BIEpIlIE 3alIpOIIOHOBAHO apXiTEKTypy KPOCIIAT(MOPMHOI
6i061i0TeKy AJ1s peasnisallii TeXHOJIOTil BUSIBJIEHHS], PO3I1i3HABAHHS Ta BiCTEKEHHS 00'€KTIB, SKa € II'ITUMaCIITaOHOIO
CTPYKTYPOIO i MiCTUTh MeXaHi3M yBaru BiFormer 3 Masioo 0641 CI0BasIbHOIO MOTYKHICTIO, 1[0 JO3BOJISE
[IOKPAIIMUTH TOYHICTbh BUSIBJIEHHSI MAJIUX 00'€KTIiB Ta IOKpalllye yBary 1o Kj1o4oBoi iHdopMallii Ha KapTi 06'eKTiB; -
BIIEplIE [IPOBEJIEHO MOJE/I0OBAHHS [IOPIBHIbHUX eKcllepuMeHTiB Ha YOLO v9 Ha HeBeJIMKOMY Habopi NaHUX, SIKi
BiIpi3HAIOTHCSI BUKOPUCTAHHSIM Pi3HUX BUJIB (YHKIi}1 BTpaT IpU 36€epiraHHi iHmM1x yMOB HaBYaHHS HE3MIHHUMU,
1110 1T0Ka3aJio BUkopucTtaHHs QyHKIii perpeciiinux Brpat WIoU v3 HallepeKTUBHILIO0 17151 T00YHL0BaHOI MOAETi; —
BIIEpIlIe TPOBE/ICHO MOEeIIOBaHHS eKCIIEPUMEHTIB Ha HEeBEJIMKiil KiJIbKOCTi 306paskeHb PU I0JlaBaHHi 10 6a30B0i
MogeJi 6710KiB geTeKkTyBaHHs rpynu PFNB, siki 06'eJHYIOTb IpiOHI 0COOGIMBOCTI IApiB HEPOHHOI 3TOPTKOBO]
Mepexi, o 36iblye Ha HEBEJIMKOMY HabOpi JaHUX ycepeHeHe 3HaueHH MAP Ta rpu ix ofHO4YacCHOMY
BUKOPMCTaHHI pO3Mip MOAEI i KiJIbKiCTh IapaMeTpiB 3MEHINYETHCS; — BIIEPILE IPOBEAEHO MO ETIOBAHHS
€KCIIEPMMEHTIB Ha nokpaieHiil mogesni YOLO v9 P, sxa BifnpizHseTbcs Big 6a3oBoi Mogesni YOLO v9 ¢yHKLie0
BTPaT, METOLOM 3JIUTTS Ta MOAU(DIKOBAHOIO apXITEKTYPOIO 0JIOKY PO3Mi3HABaHHS, 110 HA HEBEJIMKOMY HabO0pi JaHUX

I0O3BOJIMJIO OTPUMATH IIOKPAleHHs ycepegHeHoro 3HavyeHHst mAP Ha 7,7% i AP Big 2,5% no 14,1%.

2. The relevance of the research topic is due to the existing contradiction between the complexity of deep learning
models when using existing software solutions, on the one hand, and the growing difficulty of interpreting these
models in an application with an increase in the speed of the procedure for recognizing and tracking objects in real
time, on the other hand. The field of application of unmanned aerial vehicles (UAVs) is constantly growing and
there is a need to adapt machine learning algorithms and deep learning models for use on board UAVs, taking into
account the limited computing resources and the specifics of organizing the received video data stream. The paper
emphasizes the importance of existing architectural solutions for the implementation of convolutional neural
networks when using machine learning methods and algorithms. The identified contradiction is overcome by
introducing additional conditions for the task of processing a large set of video stream images that are constantly
updated and can contain information about objects of different sizes and shapes for the task of recognition and
tracking. The necessity of using an adapted loss function in the proposed software solution to support decision-



making based on the observed data is emphasized. The task of fusing features of convolutional neural networks for
spatial and temporal flows is relevant in this area. The purpose of the study is to improve the accuracy of
detection, recognition and tracking of objects in real time and to implement the corresponding technology in the
form of a software tool for the task as part of intelligent systems. The object of research is the processes of data
processing in the tasks of detecting, recognizing and tracking objects in real time. The subject of the study is
models, algorithms and technologies for using convolutional neural networks to solve the problem of recognizing
and tracking an object in real time. The scientific novelty of the research results is as follows: - for the first time,
an architectural solution for building a neural convolutional network for the task of detecting, recognizing, and
tracking objects in real time has been developed, which differs from the existing solution in that it uses a larger
number of object recognition units of different sizes, which is optimized for the tasks of a specific subject area; -
for the first time, the possibility of using the PFNB block in the developed technology, which is based on the
Faster-Net architectural solution, which uses a multi-scale feature fusion network to demonstrate improved
recognition accuracy compared to the basic technology, has been substantiated; - for the first time, an own
dataset was formed to test the developed technology starting from the stage of object recognition in a video
stream, which includes objects of different scales of a certain subject area, which confirms the effectiveness of the
developed model; - for the first time, the architecture of a cross-platform library for the implementation of object
detection, recognition and tracking technology is proposed, which is a five-scale structure and contains the
BiFormer attention mechanism with low computing power, which improves the accuracy of detecting small objects
and improves attention to key information on the object map; - for the first time, comparative experiments were
simulated on YOLO v9, which differ in the use of different types of loss functions while keeping other training
conditions unchanged, which showed the use of the WloU v3 regression loss function to be the most effective for
the built model; - for the first time, experiments were simulated when adding to the basic model the detection
units of the PFNB group, which combine small features of the layers of the neural convolutional network, which
increases the average value of mAP and, when used simultaneously, the model size and the number of parameters
decrease; - for the first time, experiments were simulated on the improved YOLO v9 P model, which differs from
the basic YOLO v9 model in the loss function, fusion method and modified architecture of the recognition unit,
which allowed to improve the average mAP value by about 7.7% and AP by about 2.5% to 14.1%.
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