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Pedepar:

1. Inceprauiiina po60Ta IPUCBIYEHA PO3pOOLi KOMIIEKCHOTO METOAY riOpuan3allii apXiTeKTyp HEPOHHUX MEPEX
IJ151 MyJIBTUMOJAJIBHUX JaHUX 3 METOIO MiABUILEHHS CTIMKOCTI, 3TaTHOCTI [0 y3arajbHeHHs Ta e(peKTUBHOCTI
IJIMO0KUX HEHPOHHUX MEPEX B yMOBaX OOMeXXeHNX 00YUCII0BaIbHUX pecypciB. B naHill po6oTi 6ys10 BoCaimKeHo
HAINPSAMOK Cy4aCHOTO PO3BUTKY TEXHOJIOTII 171 BUPIIIEHHS 33/1a4 KOMITIOTEPHOTO 30PY 3 BUKOPUCTAHHSAM
MaIIMHHOTO HABYAHHS Ta ITIMGOKUX HEMPOHHUX Mepek. KOMITIOTEPHI TEXHOJIOTI IMMPOKO PO3BUBAIOTLCH i IPUCTPO]
IntepHety peuveil (Internet of Things) craioTs 6ib1 NOMKUPEHNMHU, TEXHOJIOTIYHUMU Ta Pi3HOLIIbOBUMHU.
l'onoBHMMHU OOMEKEHHSIMU B 11ii1 cepi € po3Mip Ta 06YUCIIIOBAJIbHI peCcypcH, 1110 CTBOPIOE HOBi BUKJIMKY [1J151

106y I0BY Ta BUKOPUCTAHHS JITOPUTMIB KOMIT FOTEPHOTO 30pYy. LIIMPOKE 3aCTOCYBaHHS KOMIT IOTEPHOTO 30Dy B
crcTeMax TaKoTO TUITy BUMarae BUCOKUX [TOKAa3HUKIB HAMIMHOCTI Ta CTabiIbHOCTI, a OTXKe II0CTa€e NoTpeda B

PO3poOLi CUCTEM 3 BUCOKMMU NTOKAa3HUKAMU CTiKOCTi Ta BUCOKOIO MO>KJIMBICTIO 10 y3arajbHEHHS, sIKi MOXYTb OyTH



BUKOPUCTaHI B yMOBaX OOMEKEHUX OOUMCIIIOBAIbHUAX pecypciB. HOBITHIMU MeTOgaMu, sIKi BAKOPUCTOBYIOTbCS IJ1s1
MOKPAIeHHS TOKA3HUKIB HENPOHHUX MEPEX € IMOENHAHHS 200 3JIUTTS JaHUX Pi3HUX TUIIIB i BUKOPUCTAHHS
IeKkinbKoxX MojanbHocTel. Ll TexHiku rmokasanu cBoio e(PeKTUBHICTb B JOCIIIP)KEHHSIX Ta B pi3HUX cepax
BIIPOBAPKEHHS, IO POOUTD iX IEPCIEKTUBHMMU. B naHiil po6oTi, Brepiie 6ys10 po3po6IeHO METO, ribpuan3anii
apXxiTeKTyp HEMPOHHUX MEPEX IJIs1 pOOOTH 3 MyJIbTUMOIATIbHUMY JAHUMHU Ha OCHOBI HE3aJIeKHUX TOPU30HTATIbHUX
OJIHOTHUITHUX YACTHH i METOly CHHXPOHI30BaHOI'O MYJIbTU-A0NOBHEHHS (SMA) 17151 CTBOPEHHS IO ATKOBUX iHTpa-
MogjanbHoCTeN. Po3pobeHo MeToh, riopuausaliii, ikuii 3abesnedye MifBUILIEHY CTiMKICTb MOJieJIeH 10 HEOUiKyBaHUX
CIIOTBOPEHb [AHUX B 33/1a4aX KOMIT FOTEPHOTO 30PY, HATPUKJIA]] [TOBOPOTY 306pake€HHS a60 3MiHU B OCBITJIEHI,
IIJIIXOM BUKOPHCTaHHSIM JIeKibKoX 6eK60HiB (backbone), TO6TO OCHOB HEIPOHHOI MepeXKi, y IoeAHaHHI i3
CTBOPEHMMM [IOJATKOBMMHU iHTPAa-MOJAIBHOCTSIMM JJAHMX 3@ PaXYHOK BIIEPIIE 3alpOIIOHOBAHOT0 MeTOLy SMA.
Po3po6s1eHO0 MeTOM, CTBOPEHHS aPXiTEKTYp HEMPOHHUX MEPEX Ha OCHOBI OKPEMUX HE3JIESKHUX FOPU3OHTAJIBHUAX
OHOTHUITHUX YACTHH, 6EKOOHIB, SIKi OTPUMYIOTh JIaHi 3 JeKiJIbkoMa iHTep-MOalbHOCTAMU abo iHTpa-
MOJIaJIbHOCTSAMM, 3 06 €IHAHHAM OTPUMAHUX PE3YJIbTATIB i MyJIbTUMOMAIbHOrO HABYAHHS, 1O I03BOJISIE
CTBOPIOBATH PO3INOiJeH] NapaesbHi CUCTEMU Y IKUX CKIIAIHICTb TOAATKOBUX OOUMC/IEHb HE 30i/bllye Yac
BUKOHAHHS aHasi3y. PO3po6sieHO MEeTO]] 3MEHIIEeHHS 0641 CIII0BAIbHOI CKIIAIHOCTI, SKUH MIJIIXOM iHTerparii
HE3MiHEHUX KJIACUYHUX apXiTeKTyp IJIMOMHHUX HEMPOHHUX MEPEX Yy MyJIbTHOeKOOHHI KoHirypatiii i JOIIOBHEHHSIM
IOOATKOBUMHU MOJAJILHOCTSIMU, HE BTpAa4ya€ TOYHICTb PE3YJIbTATIB IIPU 3MEHIIEHHI PO3MiPHOCTI KAPTUHKY, 1O A€
MOXJIMBICTb JMHAMIYHOTO [IEPEMUKAHHS MK peXXUMaMuy onTuMmizatii nys1 riopugHux DNN y 3ay1eKHOCTI Bif, BUMOT
p€asIbHOrO 4acy Ta HasIBHUX pecypciB. [IpoBeneHo anai3 pe3ysbTariB, SKUN NOBIB 10 3alIpOBaKEHHS SMA
BUpilllye Tpo6JeMy BTPaTH Y TOUHOCTI CTaHAAPTHUX ITiIXOMiB 3 O4HUM 6€KOOHOM i OJIHI€I0 MOJA/IbHICTIO HA HOBUX
IAHUX 3 TpaHCPopMalisiMU. 3a JONOMOro Metony SMA i nepeHaBYaHHs MOJieJli 3 JOJATKOBUMU CTBOPEHUMU
iHTpa-MOJaJILHOCTSMM Ha NPUKIIai (GOTOMETPUYHUX 3MiH, 5IKi MOZEJIIOIOTh Pi3Hi YMOBU OCBITJIEHHS Ta
HaJIAIITYBaHHS KaMepH, BTpaTta TOYHOCTi kinacudikarii (AUC) amenmyeTbes 3 16% 1o 4%, 6e3 BTpaTu TOYHOCTI Ha
opuriHanbHOMY Habopi gaHux. be3 nepeHaBuyaHHs MOJeJli MOKJIMBO MiIBUIIUTY CTiIMKICTh 1O HEOUiKyBaHUX
BUIIAJIKiB 33 JOIIOMOIOIO IIO€AHAHHS OJHOTUIIHUX 0€KOOHIB. Ha npukiazi NpoCTOPOBUX NIEPETBOPEHD Y BUTJIS]
IIOBOPOTIB 3 BUNAJKOBMM KyTOM, 3alIPOIIOHOBAaHa Mojesb 3meHmmna Brpary AUC 3 21% no 6%. loBeneHo, o
ribpyHi CUCTEMU KOMITIOTEPHOTO Ha OCHOBI MYJIbTUOEKOOHHUX KOHDIrypaliiil 3 noefHaHHIM Pi3HUX iHTEP-
MojanbHOCTe, Ha mpukiazi IR Ta RGB-gaHux, 103BoJIsIE MiABUIIUTY CEPENHIO TOYHICTD AeTekii (mAP) Ha
4,5-19,8% nopiBHAHO 3 6a30BUMU KOHQIrypalisiMu Ta 103BOJIsi€e BAKOPUCTOBYBATU JaHi MEHIIOI pO3MipHOCTI,
3MEHIUIYIOUX 00YNCIIIOBAJIbHY CKIaAHICTD. [16puaHi Mozeri, sSiKi mo6ynoBaHi Ha OCHOBI KOMOiHALi BiOMUX
apxiTeKTyp, 30aTHi 3a6e3neYnTy HaflillHy Knacudikallilo B iHINX cdepax 3aCTOCYBaHHS, HAIPUKJIAJ, B 3ajayax
kiacudikauii 3 BAKOPUCTaHHIM MEeIUYHOro obafHaHHs Ha ocHoBi EEI" nanux. MeTtog, 3a6e3nevyye NoKpaeHy
TOYHICTb B CKJIQJHMX YMOBAX, JO3BOJISI€ 3MEHIINTH KiJIbKiCTh HEOOXiZHMX IIapaMeTpiB, a OTXe KiIbKiCTb 069N CIIeHb,
i MO>xe 6yTU e(peKTUBHO BUKOPUCTAHUH y CUCTeMax 3 0OMEXXeHUMHU pecypcamu. B nasiit po6oTi nokaszaHo, 110
ribpupHa 6araTo6eK60HHA CTPYKTYpa 403B0JIsie €(PEKTUBHO PO3NOAINSATHA 00UKUCIIEHHS MK KiJIbKOMA sigpaMu abo
npouecopamu. lle 103BoJisie YHUKHYTU CTBOPEHHS OJATKOBUX 3aTPUMOK i 30€perTu yac o6pooKy Npu JoAaBaHHi

HOBUX OKPEMMX 6€KOOHIB 3 OKDEMUMU Baramu.

2. The dissertation work is devoted to the development of a comprehensive method of hybridization of neural
networks for multimodal data with increasing the robustness, generalizability and efficiency of deep neural
networks under conditions of limited computing resources. This paper examines the direction of modern
technology development for solving computer vision problems using machine learning and deep neural networks.
Computer technologies are widely developed and Internet of Things devices are becoming more widespread,
technological and multi-purpose. The main limitations in this area are size and computing resources, which
creates new challenges for building and using computer vision algorithms. The widespread use of computer vision
in systems of this type requires high reliability and stability, and therefore there is a need to develop systems with
high robustness and high generalization capabilities that can be used in conditions of limited computing resources.
The latest methods used to improve the performance of neural networks are the combination or fusion of data of
different types and the use of multiple modalities. These techniques have shown their effectiveness in research



and in various areas of implementation, which makes them promising. In this work, for the first time, a method for
hybridizing neural network architectures for working with multimodal data based on independent horizontal parts
of the same type and the synchronized augmentation method (SMA) for creating additional intra-modalities was
developed. A hybridization method has been developed that provides increased model robustness to unexpected
data distortions in computer vision tasks, such as image rotation or changes in illumination, by using multiple
backbones, i.e. the foundations of a neural network, in combination with additional intra-modalities of data
created by the first proposed synchronized augmentation method (SMA). A method has been developed for
creating neural network architectures based on separate independent horizontal identical parts, backbones, which
receive data with several inter-modalities or intra-modalities, with the combination of the obtained results and
multimodal learning, which allows creating distributed parallel systems in which the complexity of additional
calculations does not increase the analysis execution time. A method for reducing computational complexity has
been developed that, by integrating unchanged classical deep neural network architectures in multi-backbone
configurations and supplementing with additional modalities, does not lose the accuracy of results when reducing
the dimensionality of the image, which allows for dynamic switching between optimization modes for hybrid DNNs
depending on real-time requirements and available resources. The results were analyzed, which proved that the
introduction of SMA solves the problem of loss in accuracy of standard approaches with one backbone and one
modality on new data with transformations. Using the SMA method and retraining the model with additional
created intra-modalities on the example of photometric changes that simulate different lighting conditions and
camera settings, the loss of classification accuracy (AUC) is reduced from 16% to 4%, without loss of accuracy on
the original data set. Without retraining the model, it is possible to increase the robustness to unexpected cases by
combining the same type of backbones. On the example of spatial transformations in the form of rotations with a
random angle, the proposed model reduced the loss of AUC from 21% to 6%. It has been proven that hybrid
computer systems based on multi-backbone configurations with a combination of different inter-modalities, for
example IR and RGB data, can increase the average detection accuracy (mAP) by 4.5-19.8% compared to the basic
configurations and allow the use of lower-dimensional data, reducing computational complexity. Hybrid models,
which are built on combinations of known architectures, are able to provide reliable classification in other areas of
application, for example, in classification problems using medical equipment based on EEG data. The method
provides improved accuracy under challenging conditions, reduces the number of required parameters,
consequently the computational cost, and can be effectively deployed in resource-constrained systems. This work
shows that the hybrid multi-backbone structure allows for efficient distribution of calculations between several
cores or processors. This avoids the creation of additional delays and saves processing time when adding new
individual backbones with separate weights.
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