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ABSTRACT

Baida Vladyslav Methods and information technology for diagnosing failures in
semiconductor power converters based on digital twinQualifying scientific work
(manusdaipt)

PhD thesis undeé8pecialty 122 Computer Scienc@2i Information technologies)

I Chernihiv Polytechnic National University, Ministry of Education and Science of Ukraine
Chernihiv, 2026.

The dissertation solves an important scienpfigblem of improving the effectiveness
of online fault detection and identification in semiconductor power converters by developi
new methods and an information technology for diagnostics based on digital twins, wh
provide automated online diagnosiscomponent defects without the need to measure th
operability of individual elements of the device. The proposed approach combir
metaheuristic optimization for identifying the parasitic parameters of components
constituents of the mathematical mogwlibration of the digital twin to a specific device
unit), qualitative analysis of output signal deviations for fault localization, and remo
laboratory technologies for experimental verification.

The dissertation consists of an introduction, five ¢l conclusions, a list of
references, and five appendices.

The first chapter analyzes current approaches to the diagnostics of electronic devi
in particular methods based on biiitselftest, signature analysis, and machine learning.
The conceptfdigital twins as a diagnostic tool is considered, and methods for constructil
digital twins and identifying the model parameters of power electronic converters
analyzed. The current state of remote laboratory technologies and their potential
verifying diagnostic systems are investigated. The main limitations of existing approact
are identified. The research goal is formulated and the research tasks are stated.

The second chapter develops a new integrated method for online diagnostics
semicomluctor power converters based on a digital twin. The method is based
representing the input and output parameters of the device as vectors and formir

correspondence table between the deviations of the output signals from their refere
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values and th possible causes of faults. The reference values are obtained using a dic
twin calibrated to the specific device unit. An approach with discrete deviation states
proposed, which provides robustness to measurement noise and low computationa resc
requirements during operation, since all resoumeensive computations are performed at
the system initialization stage. Four main methods for generating correspondence table:
systematized: systematic simulation, analytical derivation, formalizatd expert
knowledge, and the experimental method, as well as a hybrid approach, which, based o
results of a qualitative comparison, is recommended for practical applications.

The third chapter substantiates the choice of a genetic algorithsolfang the
problem of identifying the parasitic parameters of a[DC power converter in order to
calibrate its digital twin. It is proposed to determine the reference signal for calibration
the criterion of equidistance of its indicators from the lalaup values of the experimental
sample, owing to which the deviations of the calibrated model are symmetric and are u
directly as the initial diagnostic thresholds. A comparative analysis of grdulieat
methods, particle swarm optimization, the gnelf optimizer, and the genetic algorithm is
carried out. The mathematical model of the identification problem is formulated as
problem of global minimization of the deviation between the outputs of the model and 1
real device. An approach with logdmmic gene encoding is introduced, which ensures
efficient handling of parameters spanning upOtorders of magnitude. The method is
validated on a DEDC converter with the identification of seven parasitic parameters bast
on experimental measurements.

The fourth chapter further develops technological approaches to designing |
architecture of remote engineering laboratories: a method for-anidiria comparative
analysis of the information technologies used to build them is devised, which make:
possble to move from an empirical to a scientifically substantiated choice of technolog
platform. A system of six criteria with substantiated weighting coefficients is proposet
technology level, updates and support, LMS integration capability, architesitagdicity,
reattime performance, and ease of configuration. Based on the method, a quantita
comparison of six remote laboratory technologies is carried out, as a result of which

LabDiscoveryEngine technology is identified as the most suitableuitding new remote
11



laboratories.

The fifth chapter presents the experimental validation of the proposed methods
method for comparing backend information technologies for interaction wit
LabDiscoveryEngine is developed, which provides a quantitptstdication for the choice
of the software platform for implementing the remote laboratory. A hardsaiteare
complex of a remote power electronics laboratory based on the LabDiscoveryEng
technology for semiconductor BOC converters is developedh@ integration of a digital
twin built using PySpice and Ngspice with a diagnostic system based on the propo
method is implemented. Testing on real equipment confirmed 100% detection of the fac
failure and correct determination of its cause in BB0®% of cases, depending on the
degree of parameter deviation. A performance analysis of this implementation showed
the maximum execution time of the complete diagnostic procedure is 1.5 milliseconds, v
of which is due to the transfer of waveformeer USB, while all other stages together take
tens to hundreds of microseconds. A Markov availability model of semiconductor pow
converters is created, the solution of which quantitatively confirms that the achiev
improvement in diagnostic effectivesgeleads to an increase in converter availability.

The obtained results are of practical significance, since the proposed informat
technologies and methods can be used to build systems for automated diagnostics
predictive maintenance of power electic converters, as well as a baseline architecture fo
creating remote laboratories in the field of electronics.

Keywords digital twin; information technology; genetic algorithm; vector model;
metaheuristic optimization; simulation; diagnostics of poelectronics devices; DOC
converter; identification of parasitic parameters; qualitative fault analysis; remo

laboratory; predictive maintenance; fault detection; fault classification; machine learning
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1 OB OCtY odHdds, it fkzd MOy ' MmMistl
B PwOS M BBOdz! ded d3 IsO 3" dz' BBOdz! ded d3 L dzOyJ dadaw
(2.181 ¢), hts ftedLotsHdIs! HS odMmtsC s’ (
3" dz' B3O dz! dzgd d3 L dzOyg dedzv d3d § Zzdz! MOy" 2 Mmistclz d3k

odMsC O L Oh zd3kizip dzh t§ig*? dzmded dgO tz' ez ¢ dzOH O dzdz®

CtsoL deséts fjtcj Hdz tSC TS {t Sy J tod d3j dzls ©dz' dzd d3
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W' dz' stce©O MdstcledszS 99 32 1o dOdeEzd yf s " syo § & dz
oJdzdSk ttsLB' ydz Mis! | E  ting we'j eHdi dedz’ dzO'ff teilz ¢
3O dzd dz3d , hts ftodLoeojdzs Hts to" N j dadzy I,  diAdlAs tc |
dzO {f te\e.c d

10 tBJfpsBtcOy jdets o' HiMtslsso Odg L dzOyJ dzdz
slsted 3Odz" ° fMdzv d2OSC &zOH Odzdzy s dMOdese s 9 (
Il "L EOdz dzs dBsy dzO B OYdlisd, hts H' Of OL sdz L
dzOoe jJ H j d2' 3k |50 Bifdxdiop ® dizf gadz" © dsH dzts s L dzOyy
s Mmjtej Hdz & &zOof ke d dzj L 3" dzd dzd MW , h ts
o i tstedmMsOdZzO Hts MdedzOdz' © dOftelze. 1 sd3" Is dat

d3' dz' B3O dz! ded d3 L dzOyJ dzdzv 32 4 30 dg OytsS 21 s,z
OpMmMBdzé IsdzO to' L dzdyw d3 ¥ BOSHdBEzBRsSB SO d3
Histe' odg¢ ° L dedy Jdedztr HtodBdzJL s 9 2. 83 t©OL(
Mo ' HYydls!' ftets o HOZd?2 tjLizd SOl %' dzZOlstcPykz
tcsBEIgdESH Iz

t dMiz3zg e OW ° yYydzy L 5BOY J dedz H'W OFRpetSels © U
ILripple,ILangz dzOw 9 dz' 2 SCfBl '[.GII! fr]c{GdzOdz‘ 9 U—'
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