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2. Development of machine learning methods based on the Transformer model for human fall detection.

Pedepat/anoranis:

1. Inceprariiiny po60Ty IIPUCBSIYEHO PO3POOJIEHHIO Ta NOCIIIPKEHHIO METO[iB MAIIMHHOIO HaBYaHHS HA OCHOBI
mogei Transformer nsis BUsiBJI€HHS NaJiHb JIIOJWMHY 33 JaHUMU iHepLiliHuxX ceHcopis (IMU) Ta BizeonoToky.
[TapinHA € ofHielo 3 MPOBIGHUX IPUYKH TPABMATU3MYy, TOCHiTai3allii Ta CMEPTHOCTI Cepef, JIIOAEN MTOXUIIOTO BiKy, a
TaKOX CYTTEBOIO MTP06s1eMOI0 y chepi OXOPOHU Ipalli Ta «PO3yMHUX» cepenoBulll. HasBHI cucTeMu BUSBIIEHHS
najiHb, 106yZ0BaHi Ha IOPOrOBUX aJrOPUTMax, 3ATOPTKOBUX i pEKyPEHTHUX HEMPOHHUX MEPeXKax, LOCITaloTh
BHCOKOI TOYHOCTI Ha OKpEMUX Habopax JaHUX, IPOTe XapaKTEPU3YIOTbCSI BUCOKOIO YaCTOTOI0 XUOHUX
CIIpalbOBYBaHb, 0OMEXEHOIO 3IATHICTIO 10 y3arajbHEHHS HAa HOBUX CY0'€KTiB, IOTPEOOIO Y BEJIMKUX 00CIrax
PO3MiYEHUX JAaHWX, PU3MKaMHU J1JIsl IPUBATHOCTI y Bieoninxonax Ta 3HaYHUMU OOUMCIIOBAIbBHUMY BUTPATaMMU.
Apxitextypa Transformer 3aBisiku MeXaHi3My cCaMOYBaru J03BOJIsSlE MOZEJIIOBATH OBIOTPHMBaJli 3aJ1€HOCTI,
Ba’KJIMBI JJ151 BUSIBJIEHHSI KOPOTKOYACHUX, ajie 3MiCTOBHO CKJIaIHUX MOAiH, SKUMU € NafiiHHA. MeTo10 pob0TU €
i BUILEHHS HANIMHOCTI, PiBHS IIPUBATHOCTI Ta 30aTHOCTI [0 y3araJlbHEHHS CUCTEM BUSIBJICHHS MIAJIiHb HIJISIXOM

PO3po6JIeHHS KOMIJIEKCY MoZiesieil Ha OCHOBI apxiTekTypu Transformer, 36asiancoBaHoro HaboOpy AaHUX i cTpaTerii



PO3roOpTaHHs B peasibHOMY 4aci. O6'eKTOM IOCiIPKEHHSI € IPOLleCU aBTOMATU30BAHOTO BUSIBJIEHHS NaMiHb JIOIUHI
3a IJaHMMH iHEPLiHMUX CEHCOPIB Ta BifJ€ONOTOKY; IPEIMETOM — METOU Ta MOJIeJli MAIIMHHOTO HABYaHHS Ha
ocHOBI apxitTekrypu Transformer 17151 BUsSBJI€HHS NIaZliHb, 30KpeMa Cy6'€eKTHO-HEe3aJIeXXHOT0 Ta HEKOHTPOJILOBAHOTO,
3 ypaxyBaHHSM [IPMBATHOCTI ! allapaTHUX OOMEXXEeHb. BUKOPHCTaHO METOIY MALIMHHOTO Ta IJIMOMHHOTO HaBYaHHS,
11(ppoBOi OOPOOKU CUTHAJIB i 4aCOBUX PSZiB, KOMIT'IOTEPHOTO 30pY, TeOpii IMOBipHOCTE i MATEMAaTUYHOI
CTaTUCTUKHU, Teopii ekcTpeMasnbHuX 3HayeHb (EVT), a Takox poTokosiu oliHioBaHHs Leave-One-Subject-Out Ta
ROC /PR-anani3. ChopMOBaHO BIaCHUH 30a/1aHCOBaHUI MyJIbTUMOAJIBHUAN Habip gaHux i3 8 953 po3miueHux
3pa3kiB (2 791 naniHHA Ta 6 162 enizony MOBCSIKIEHHOI aKTUBHOCTI) Bif, 29 y4aCHUKIB; TOKa3aHO, 10 NOJaBaHHS
O6apoMeTpUYHUX JaHUX 0 aKCEJIePOMETPUYHUX IIiBUIILY€E TOUHICTb Klacuikalii. 3arpornoHOBaHO CUCTEMY
BiZleOBUSIBJIEHHS N1a/liHb i3 3axUCTOM IIpuBaTHOCTI Ha ocHOBI EfficientNet ta LSTM i3 monysiem nuHamiyHOro
PO3MUTTS, 110 3abe3evye aHOHIMi3allil0 0coO6U 6€3 CYTTEBOTO 3HUKEHHS TOYHOCTI. BUKOHAHO NOPiBHSIIbHE
OLIiHIOBaHHS ceMu TpaHcpopmepHux apxitekTyp (Informer, Performer, Linformer, Temporal Convolutional
Transformer Ta iHIIKX) Y €eAMHUX €KCIIEPUMEHTAJILHUX YMOBAX, [e HallKpallli MoJieJli OCSTIIM [IOBHOTU BUSIBJIEHHS,
6su3bKoi 70 100 %. PeanizoBaHo TpaHchOpMepHY MOJieib Y peasbHOMY 4aci Ha System-on-Chip (Raspberry Pi Zero
2 W) i3 3aTpuMKOI0 iH(pepeHCy 6113bKO0 34 MC Ta iIHTErpOBaHOIO KibepOe3neKoBO0 pamKolo (1ndpysaHHs AES-256,
6s0Kk4eiiH). 3actocoBaHo Vision Transformer i3 mpocTOpoBO-4acoOBOIO CaMOyBaroo IJIsl BiieoaHatidy, IPUIOMY
KapTy yBaru 3a6e3nevyyoTh iHTepIIPeTOBaHICTh IIPOrHO3iB. PO3p0671eHO Cy0'eKTHO-HEe3aIeXKHUN METOZ,
HEKOHTPOJIbOBAHOTO BUSIBJIEHHS NIafliHb HA OCHOBI MackoBaHoro Transformer Ta KOM6iHOBaHOI €HepreTUYHO-
PEKOHCTPYKLiHOI (PyHKIi OLIiHIOBaHHS 3 IOPOrOBMM BU3HAYEHHSIM 32 TEOPi€l0 €KCTPEMAJIbHUX 3HAU€Hb; METOT,
HaBYa€THCS BUKJIIOYHO HA MOCJiIOBHOCTSX MOBCAKIEHHOI aKTUBHOCTI Ta 3a IpoTokojioM LOSO gocsrae ROC-AUC
0,985, PR-AUC 0,955 i uyrauBocTi 95,8 % Ha piBHi noziit. HaykoBa HOBM3HA 10OJISITa€ B TOMY, 1[0 BIleplle
PO3pO6JIEHO CYy6'€KTHO-HE3aJIEXKHUN METO], HEKOHTPOJIbOBAHOTO BUSIBJIEHHS a/liHb HA OCHOBI MACKOBAHOTO
Transformer Ta KOM6iHOBaHOI €HEPreTUYHO-PEKOHCTPYKLIMHOI (PYHKIi OLiHIOBaHHS 3 IOPOrOBUM BU3HAUEHHSIM 32
Teopi€lo eKCTpeMaJIbHUX 3HAUEHb, SIKUH He [10Tpebye po3MiueHUX NIPUKIIALiB 1a/liHb; BIIEpIIEe 3alIpOIIOHOBAHO
[IOPiBHSIJIbHY METOMOJIOTII0 6€ HUMAPKIHTy TPaHC()POPMEPHUX apXiTEKTYP [JIs1 BUSIBJIEHHS NIafliHb 32 JaHNMU
aKkceJIepoMeTpa B €IMHUX €KCIIEPUMEHTAJIbHUX YMOBAX. Y IOCKOHAJIEHO apXiTEKTypHE PillleHHS [JIs1 BUSIBJIEHHS
najiHp y peasbHOMY 4Yaci Ha System-on-Chip i3 MexaHismamu Kibepbe3neky, a TaKoX MifgXif, 0 BUSIBJIEHHS 1aJliHb
3a BifleogaHumy Ha ocHoBi Vision Transformer. JlicTany Nofanbiioro po3BUTKY METOAU 3aXUCTy NIPUBATHOCTI y
BimeoaHarnisi Ha ocHoBi EfficientNet Ta LSTM i nigxoau 1o ¢popmyBaHHS 30aJ1aHCOBAHUX MYJIbTUMOIAJIbHUX HAOOPiB
IaHuX. [IpakTrYHe 3HaYeHHS OTPUMAHUX Pe3yJIbTaTiB MI0JISITA€ B TOMY, 10 3aIIPOIIOHOBAHI METOAN MOXYTh OyTH
3aCTOCOBAaHi y cUCTeMaxX MOHITOPHUHIY JITHIX JIIOZeN, OXOPOHU 3[,0POB's, 6€3I1eK Ha BUPOOHULITBI, «pPO3YMHUX»
Oy[IMHKaX, HOCUMUX NIPUCTPOSIX Ta CUCTEMAX BiJlEOCIIOCTEPEXKEHHS 3i 30epekeHHsIM NpuBaTHOCTI. ChopMoOBaHNMA
Habip JaHMX i BITKPUTUI IPOrPaMHUIL KOJ, 3a6€311e4yIOTh BiITBOPIOBAHICTb pe3yJbTaTiB. [IpakTUYHY LiHHICTb
MigTBEPIKEHO NIAaTEHTOM YKpaiHU Ha KOPUCHY MOJEJb IIPUCTPOIO IJ151 BUSBJIEHHS NIaJiHHS T4 aBBTOMAaTUYHOTO
croBileHHs pigHux. Karo4oBi cioBa: BUSIBJIEHH NaJliHb, Mogesnb Transformer, MalnuHHe HaBYaHHS, [JIMOMHHE
HaBYaHH#, 4acoBi panu, IMU, Vision Transformer, KoMn'toTepHuUii 3ip, HEKOHTPOJIbOBaHE HABYAHHS, BUSIBJIEHHS

aHoMaJliil, Cy6'eKTHO-He3aJe)XHe BUSIBJICHHS], 3aXMCT PUBATHOCTI, KpailoBi 0OUKCJIEHHS, BOYLOBaHI CUCTEMU.

2. The dissertation is devoted to the development and study of machine learning methods based on the
Transformer model for human fall detection using inertial measurement unit (IMU) sensor data and video. Falls are
a leading cause of injury, hospitalisation and mortality among older adults, and a significant concern in
occupational safety and smart environments. Existing fall-detection systems built on threshold algorithms and on
convolutional and recurrent neural networks achieve high accuracy on individual datasets but suffer from high
false-alarm rates, poor generalisation to previously unseen subjects, a need for large volumes of labelled data,
privacy concerns in video-based approaches, and high computational cost that hinders real-time deployment on
resource-constrained devices. The Transformer architecture, through its self-attention mechanism, models the
long-range dependencies that are important for detecting short but contextually complex events such as falls. The
aim of the work is to improve the robustness, privacy and generalisation of fall-detection systems by developing a
family of Transformer-based models, a balanced dataset, and real-time deployment strategies. The object of study



is the process of automated human fall detection from inertial sensor data and video; the subject is machine
learning methods and models based on the Transformer architecture for fall detection, in particular subject-
independent and unsupervised detection, accounting for privacy and hardware constraints. The work employs
methods of machine and deep learning, digital signal and time-series processing, computer vision, probability
theory and mathematical statistics, extreme value theory (EVT), and standard evaluation protocols (Leave-One-
Subject-Out, ROC /PR analysis). A balanced multimodal dataset of 8,953 labelled samples (2,791 falls and 6,162
activities of daily living) from 29 participants was collected, and it is shown that adding barometric data to
accelerometer data improves classification accuracy. A privacy-preserving video-based system based on
EfficientNet for spatial feature extraction and LSTM for temporal modelling with a dynamic blurring module is
proposed, anonymising the person without a substantial loss of detection accuracy. A comparative benchmark of
seven Transformer architectures (Informer, Performer, Linformer, Temporal Convolutional Transformer and
others) under unified conditions is provided, where the best models reach recall close to 100%. A Transformer
model is deployed in real time on a System-on-Chip (Raspberry Pi Zero 2 W) with about 34 ms inference latency
and an integrated cybersecurity layer (AES-256 encryption, blockchain). A Vision Transformer with spatio-
temporal self-attention is applied for robust video analysis, while attention maps provide interpretability. A
subject-independent unsupervised fall-detection method based on a masked Transformer and a combined energy-
reconstruction scoring function with extreme-value-theory thresholding is developed; trained solely on activities
of daily living, it reaches a ROC-AUC of 0.985, a PR-AUC of 0.955 and 95.8% event-level sensitivity under a leave-
one-subject-out protocol. The scientific novelty is that, for the first time, a subject-independent unsupervised fall-
detection method based on a masked Transformer and a combined energy-reconstruction scoring function with
extreme-value-theory thresholding has been developed, which requires no labelled fall examples; and, for the first
time, a comparative benchmarking methodology for Transformer architectures for accelerometer-based fall
detection under unified experimental conditions has been proposed. An architectural solution for real-time fall
detection on a System-on-Chip with cybersecurity mechanisms, and a Vision Transformer based approach to
video fall detection, have been improved. Privacy-preserving video analysis methods based on EfficientNet and
LSTM, and approaches to building balanced multimodal datasets, have been further developed. The practical
significance is that the proposed methods can be applied in elderly monitoring systems, healthcare, occupational
safety, smart homes, wearable devices and privacy-preserving video surveillance. The collected dataset and open
source code ensure reproducibility of the results. The practical value is confirmed by a Ukrainian utility model
patent for a device for fall detection and automatic notification of relatives. Keywords: fall detection, Transformer
model, machine learning, deep learning, time series, IMU, Vision Transformer, computer vision, unsupervised
learning, anomaly detection, subject-independent detection, privacy preservation, edge computing, embedded
systems.
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VIII. 3ak1104YHi BiZOMOCTI

BaacHe Ilpi3Bume Im's ITo-6aTbKOBI lenemko iMutpo Jimutposud
rOJIOBH pagu

BnacHe IlpizBume Im's I10o-6aTbKOBI lenemko iMutpo JImutposud
TOJIOBYIOYOTO Ha 3acCiiaHHi

BinmoBigaibHUH 32 MiZTOTOBKY ’Kax Osbra Bonopnmupisza
00JIiIKOBHX JOKYMEHTIB

Peec1'paTop [Opuenko TersHa AHaTosiiBHA

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




