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1. MeTop Ta anapaTHO-IIporpaMHuii 3aci6 06poOKM esleKTpoKapAiorpadiuHux CUrHAJIB 32 JONIOMOTOI0 ITYYHUX

MYJIbTACTA0IbHUX HEPOHHUX MEPEX

2. The method and hardware-software implementation of electrocardiac signals processing using artificial
multistable neural networks

Pedepar:

1. O6'exTOM mocmigkeHHs € nmpouec 06po6seHHs EKI'-curHay i3 3aCTOCyBaHHSIM IITYYHUX MYJIbTUCTA0IIBHUX
HEVPOHHUX MePeX. MeTOI0 JOCIiIKEHHS € MiIBUILIEHHS €()EKTUBHOCTI 0OPOOJIEHHS Ta TOYHOCTI € TeKTyBaHHS
rosioBHuX 03HaK P-QRS-T-kommnexkcy EKT'-curnasniB Iuisixom po3po6yieHHSI METOY Ta alapaTHO-TIPOIrPaMHOrO
3aco0y Ha OCHOBI IITYYHUX MYJIbTUCTA0IIbHUX HEMPOHHUX MEPEX. MeToM LOCIiIKEHHS: 17151 0OPO6IEHHS JaHUX
3aCTOCOBYBAJIM METOU JUCKPETHOrO 06po6seHHs iH(popmallii i MaTeMaTM4HOI CTAaTUCTUKYU; PO3POOJIEHHS
CTPYKTYPHOI CX€MHU Ta alapaTHO-MPOrPaMHOro 3aCO0y BUKOHAHO HA 6a30BUX MPUHLMIIAX CUCTEMHOTO MiIX0mdy; AJis

PO3pO6JIEHHS MOJieJli HEMPOHIB Ta HEMPOHHUX MEPEXX BUKOPHCTOBYBaJIM METOIY MAaTEMaTUYHOTO MOJIEJIIOBaHHS,



IITY4HOTO iHTesiekTy i nporpamui naketu NEURON ta Matlab; nporpamne 3a6e3nedeHHs mo6yLoBaHO 3
BHUKOPHCTaHHIM cepenoBuina rnpoektysanHs IAR Embedded Workbench, mosu nporpamysannst VHDL Ta nakety
Xilinx ISE WebPack; npoexkTyBaHHS CXEMO-TEXHI{YHOIO PillleHHs Ta pO3pOOKY IPYKOBaHOI IJIaTH allapaTHOTo 3aco0y
peasli3oBaHoO 3a JONOMOrOI0 CUCTEMM aBTOMATU30BAaHOTO NPOEKTyBaHHs Altium Designer; BAKOPUCTaHO
6i6s1ioceMaHTUYHUI METOJ, 1711 BUBYEHHS BiTYN3HSHOTO Ta CBITOBOrO KOHTEHTY. TeopeTnyHi pe3ysipTaTu: BIeplue
PO3p006JI€HO Ha OCHOBI CIIaiKOBOTO LMpaTopa BXiHOrO CUTHAy, PEKYPEHTHUX HEIPOHiB BHYTPIIIHbOTO LIapy Ta
BUXiJJHUX HEPOHIB iMIIyJIbCHY IITY4HY HEIPOHHY MEPEXY, SIKa IIPeJICTaBIsge COO00I0 cucTeMy Kiaacudikaii, mo
CaMa HaBYa€eTbCs Ta aBTOMATUYHO aIANTyEThCS O 3MiH BXiZJHOTO CUTHAJY i 3a6e3rnedye TUM cCaMUM OOPOOJIEHHS B
PeKHMI peasbHOro 4acy KIiHiYHO-3Ha4yluX Bunankis EKT'-curnany BcepenyHi mepexi; Briepiie po3po6sieHo
meToy, 06pobsieHHst EKT'-curnany B SNN-mepexi, sskuil 3a6e3nedye 3HUKEHHS 11iJIbHOCTI JaHUX 38 PaXyHOK
6e3nocepeHbOro KoAyBaHHs craiikiB B EKI'-curnani, HabyTTs: MEpeXelo BillIOBIAHNX CTabiIbHUX CTaHiB, SIKi
BiZIITOBiAAIOTH MiKOBUM MOMeHTaM EKT' i 3MeHIIeHHs IOMUJIKY PO3Ii3HaBaHHS, 10 JOCATHYTO MOIIEPENHIM
00po06IeHHSIM i QinbTpalli€lo JaHUX Ha BXOi HEMPOHHOI Mepexi; yIOCKOHaIeHO aJlallTOBaHy MOZEJb iMITyJIbCHOT'O
IITYYHOTO HEMPOHA IJISIXOM HaJJaHHS MOMY €JIEKTPUYHOI MyJIbTUCTA01ILHOCTI Ta 3[laTHOCTI BiTBOPIOBATU [1aTEPHU
€JIEKTPUYHOI aKTUBHOCTI 610JI0TYHMX OO'€KTIB 3 OJHOYACHUM PO3IIMPEHHSIM aM'sTi Ta 30i/IbIIEHHSIM

004K CITI0BAIBbHOI IIOTY>KHOCTI, 1[0 3yMOBUJIO ii BAKOPUCTAHHS B SIKOCTi 6a30BOr0 KOMIIOHEHTa HEPpOMOPPHOTO
MOJYJIS; YIOCKOHAJIEHO MOJeJIb CTPYKTYPH CIIaliKoBOro mudparopa UjIIXOM TOYHOI'O KOAYBaHHS
eJIeKTpoKapiorpaiyHuX CUTHAJIIB, IO CTBOPUJIO HEOOXiJHI i JOCTAaTHI IEPELyMOBHU JJ1s1 TIOOYL,0BU iMITyJIbCHOI
IITY4HOI Mepexi i Ha ii OCHOBI anapaTHO-IPOrpaMHOro 3acoby A 06pobsuenHs EKT-curnanis. [IpaktuyHi
PEe3yJIbTaTU 10JISTal0Th Y PO3PO06JIEHH] arnapaTHO-IIPOrpaMHOro 3acoby J1s1 00pobJieHHSs efleKTpoKapziorpadgiuHoro
CUTHaJly, BUTOTOBJIEHHI I0T0 Ha CY4aCHill eJleMeHTHIl 6a3i, 3aX1UCTi CXeMOTEXHIUHUX pilleHb naTeHTamu CIIIA,
IPOBEJEHI BaliallifHUX BUIIPOOYBAHHS Ta TECTyBaHHI OTPMMAHOr0 NPUJIAy, 3 OLiHKYA TOYHOCTI Kiacu@ikaii
OCHOBHUX aMILIITyAHO-4acoBuX o3HaK EKI'-curnany Ha Bu6ipui 3anucis. CTyIiHb BIPOBAIKEHHS ~ Pe3yJIbTaTh
IYicepTalifiHOi poOOTH BIPOBAKEHO Y BUPOOHMYMH ITpoljec Ha ninnpuemctsi TOB “HaykoBo-Bupo6HUUYE
nignpuemctso CM]I"; y HaBYasIbHUI NpoLec Kadpenpu eKClIepUMEeHTaIbHOI (Pi3uKy Ta (i3uKy MeTasiB
JIHInpoBCHKOTro HallioHANBHOTO YHiBepcuteTy iM. Oznecst ['oHuapa rnpu BUK/IaaHHs BignosigHux aucuumiin. Cpepa

(ras1y3p) BUKOPUCTAHHS - MEIUIMHA.

2. The object of the study is the process of electrocardiography (ECG) signals processing using artificial multistable
neural networks. The purpose of the study is to improve the processing efficiency and accuracy of detection of the
common features of the ECG-signal's P-QRS-T-complex by developing a method and hardware-software
implementation based on artificial multistable neural networks. Research methods: discrete information
processing and methods of mathematical statistics were used for data processing; development of the structural
schematic of system and the hardware-software implementation were performed with the basic principles of
systematic approach; mathematical modeling and artificial intelligence approach with help of NEURON and
MATLAB software packages were used to develop artificial neuronal models and neural networks; microcontroller
embedded software was built using the IAR Embedded Workbench environment, VHDL programming language and
Xilinx ISE WebPack software package were applied for design the FPGA-based system; electrical schematic and
hardware printed circuit board are designed using Altium Designer software environment; the bibliosemantic
method used to study worldwide and national content. Theoretical results: first developed an artificial spiking
neural network (SNN), which consist of input encoder, internal layer of recurrent neurons and output neuronal
layer, which is a self-learning classification system that automatically adapts to changes in the input raw-signal
and provides real-time processing of clinically relevant cases of ECG-signal; first developed an ECG-signal
processing method based on the SNN approach, which provides data density reduction by direct encoding of the
ECG-signal into a sequence of spikes, also shown that improvement of a whole network stabilization at the certain
stable electrical states corresponding to the ECG-signal’s peak moments, pre-processing and filtering of the input
raw-data leads to the significant reduction of recognition error; an adapted model of an artificial spiking neuron
was investigated and used as a basic component of the neuromorphic module with providing electrical property of
multistability, which allows to reproduce all patterns of electrical activity of biological neurons and therefore,



increases memory and computing power of neural components; the model and structure of the spiking encoder
for precise coding of ECG-signals was improved, which provided the necessary and sufficient background for
creating an artificial spiking neural network and the hardware-software implementation for the real-time
processing of ECG-signals. The practical results include the development of hardware and software for ECG-signal
processing, production on a modern element base, protection of method and circuit design solutions by USA
patents, validation and experimental testing of the produced device, accuracy estimation of classification of the
common amplitude and temporal ECG signatures on a sample of records. Degree of implementation: the results of
the dissertation were implemented in the production process at the company “Scientific and Production
Enterprise “SMD” LLC; in the educational process of the Department of Experimental Metal Physics of Oles
Honchar Dnipro National University to teach relevant disciplines. Scope (field) of application - medicine.
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