OT3bIB

Ha anccepTaumio XXgaHoBa Anekces
EBreHbeBu4ya Ha Temy «PaspaboTka u
nccnegoBaHWe anropMTMOB aHanmsa
CUrHamnoB 3rieKTpopeTUHOrpamMMm 4sis
NoaaEePXKM NPUHATUS PELLIEHNST BpayYOM,
NpeACTaBMEHHYO HA COMCKaHNE Y4EeHOW
CTEeNeHn KaHgmaaTa TEXHUYECKUX HayK no
cneumanbHocTn 2.3.1. CUCTEeMHbIN aHanus,
ynpaBneHune n obpaboTka MHopmaumu,
cTaTUCTUKA.

OTmeuvass 0Ge3yCrioBHYK akTyanbHOCTb W
HOBM3HY pe3ynbTaToB, MNOJyYEHHbLIX B
avccepraumy, cyuTao - LenecoobpasHbim
OCTaHOBUTLCS HA 0COBO0 3HAYMMbIX HAYYHbIX
NCCNEeAOBaHUSAX, WX TeopeTU4eckon u
NPaKTU4ECKON LIEHHOCTMW.

1. He mory He OTMETUTb KITMHUYECKYID U
TEXHUYECKYIO  CMOXHOCTb  perucrpaumun
curHanos OPI. B cratbe «Advanced
Analysis of Electroretinograms Based on
Wavelet Scalogram Processing»,
onybnukoBaHHon B ypHane Appl. Sci. B
2022 rogy, ucnonb3yetcs Habop OaHHbIX,

coctoaAwmnm u3 425 curHanos OPT,
3aperncTpmpoBaHHbIX c NMOMOLLIbIO
anekTpoduanonornyeckon craHumm EP-

1000 komnaHun Tomey.

Peructpaums curHanoe 3Pl gaensietcs
CNOXHbIM KOMIMIIEKCHbIM npoLeccom,
ocobeHHO npu paboTe ¢ OeTbMM, Tak Kak
3NeKTPOoabl Yalle BCEro ycTaHaBnmMBarTCS B
KOHBIOHKTUBaNbHyt0O obnacte rasa, a
naumMeHT JormkeH ObITb aganTupoBaH K
cBeTy/TeMHOTE ANs NOfy4YeHUs1 KOPPEKTHBIX
pe3ynbTaToB M HAXOAUTLCHA B HEMOABWKHOM
COCTOSIHUM.

B knuMHu4eckonm npaktMke B OCHOBHOM
NCMNONb3YITCHA  ANEKTPOodPU3nonormyeckme
cTaHuun npomseogcTea Tomey u Roland,

KOTOpble MMEeKT 3akpbiTylo 6a3sy, He
MO3BOSISAOLLYIO U3BMEKaTb AaHHbIE.

CurHanbl 3Pl (ecnm  ux  BO3MOXHO
AeKkoompoBatb) HEOOGXOAMMO  KOPPEKTHO
pasMeTuUTb B py4YHOM nnm
NnoflyaBTOMaTM4YEeCKOM pexunve, BbISBNAS
yeTblpe KMoYeBbIX napameTpa,

MCnonb3yemMblxX ONsi OLEeHkM curHanos OPT,
a 3aTeM NepeBecTM CurHam B 4acTOTHO-
BpeEMEHHOe MpeacTaBneHne u Mnony4nTb

REVIEW

On the dissertation by Aleksei Evgenievich
Zhdanov titled "Development and Study of
Algorithms for Electroretinogram Signal
Analysis to Support Medical Decision
Making," submitted for the degree of
Candidate of Technical Sciences in the
specialty 2.3.1. Systems Analysis, Control
and Information Processing, Statistics.

Highlighting the indisputable relevance and
novelty of the results obtained in the
dissertation, | find it appropriate to focus on
particularly significant scientific
investigations, their theoretical and practical
value.

1. I must emphasise the clinical and technical
complexity of registering ERG signals. In the
article "Advanced Analysis of
Electroretinograms Based on Wavelet
Scalogram Processing," published in Appl.
Sci. in 2022, a dataset consisting of 425 ERG
signals, registered using the EP-1000
electrophysiological station by Tomey, was
utilised.

The registration of ERG signals is a complex
and intricate process, especially when
working with children, as electrodes are often
placed in the conjunctival area of the eye.
The patient must adapt to light/dark
conditions to obtain accurate results while
remaining still.

In clinical practice, electrophysiological
stations by Tomey and Roland are primarily
used, which have closed databases that do
not permit data extraction.

ERG signals (if they can be decoded) must
be correctly annotated manually or semi-
automatically, identifying four key
parameters used to evaluate ERG signals.
These signals are then transformed into a
time-frequency representation to obtain
additional informative parameters.



OONOJTHUTESIbHbIE VIHCbOpMaTI/IBHbIe

napameTpbl.

HecmoTpss Ha HasBaHHble  TPYAHOCTMW,
XpaHos A.E. nonyuvun wn onybnukosan
Habop gaHHbix OPI Ha nnatdopme IEEE
Data Port ¢ OTKpbITbIM  OOCTYNOM,
cocrtosAwmn ns 425 curHanos B 2020 roay n
Komnnekc gaHHbix 3P, cocToawmm ns 1974
curHanos B 2022 rogy, 4To SIBMISIETCH OYEHb
BaXHbIM pe3ynbTaTtOM C TOYKA 3peHus
N3y4yeHns 1 OUMAarHOCTUKM 3abonesaHuii no
SOPT, B TOM 4ucne v gpyrummu
nccneposatenamun. HasBaHHble  Habopbl
JaHHbIX SPIr ABNATCSA camMbIMM
3HA4YMMbIMM  OTKPbITbIMKM  Habopamu no
KOSIMYECTBY CUrHanoB B Mupe. B HacToswmin
MOMEHT  HayyHon  rpynnon  «Retinal
Biomarkers Group», B KOTOpYyH BXO4MUT
KpaHos A.E., npum yyactum BuuUe-
npesngeHTa MexagyHapogHoro obuiecTtsa
KNMUHUYECKON 3neKTpodn3nonormm 3peHns
(ISCEV) [HOoktopa [HOopotu  TOMCOH,
npogomkaetcs paspabotka M aHanua
Habopa AaHHbIX negnatpudecknx OPT,
BKItovatoLero oonee 8000 curHanos.

2. Cyutaro HeoOXoAuUMbIM  OTMETUTb
BakHocTb uccnepoBaHun >KpgaHosa A.E.,
cBfI3aHHbIX ¢ aHann3om 3Pl B 4acToTHO-
BPEMEHHON obracTu.

B cratbe «Optimal Combination of Mother
Wavelet and Al Model for Precise
Classification of Pediatric Electroretinogram
Signals», ony6rnvkoBaHHOW MM B XypHane
Sensors B 2023 rogy, paccmatpuBaeTcs
onTuUMarnbHas KoMbuHaums ©asuncHomn
dyHKUMN  BemBneT-npeobpasoBaHMa U
MOENM UCKYCCTBEHHOrO MWHTEeNnekra ans
aHanuaa negmaTtpuydeckmx curHanos JPT.

B pabote «OculusGraphy: Signal Analysis of
the Electroretinogram in a Rabbit Model of
Endophthalmitis  Using  Discrete  and
Continuous Wavelet Transforms»,
onybnukoaHHon XKpgaHoBbiMm  ALE. B
XypHane Bioengineering B 2023 ropay,
paccmaTpuBaeTca aHanu3d OPI kak B
BPEMEHHOWN, TaKk U B 4aCTOTHO-BPEMEHHOM
obnactu ¢ ucnonb3oBaHMEM LOUCKPETHOIO U
HernpepbIBHOIO  BerBrieT-npeobpasoBaHns.

B Ha3BaHHOMN cTaTbe npuBOAATCA
pesynbTaTbl  MOHUTOPUHIA U OLEHKU
adhpekTa neveHuns nabopaTopHbIX

Despite these challenges, Zhdanov A.E.
obtained and published an open-access
ERG dataset on the IEEE Data Port platform,
consisting of 425 signals in 2020 and a
comprehensive ERG dataset of 1974 signals
in 2022. This is a highly significant result for
the study and diagnosis of diseases using
ERG, benefiting other researchers as well.
These ERG datasets are the most
substantial open datasets by the number of
signals worldwide. Currently, the "Retinal
Biomarkers Group," which includes Zhdanov
A.E., with the participation of Dr. Dorothy
Thomson, Vice President of the International
Society for Clinical Electrophysiology of
Vision (ISCEV), continues to develop and
analyse a paediatric ERG dataset, including
over 8000 signals.

2. It is crucial to underscore the importance
of Zhdanov A.E.'s research concerning ERG
analysis in the time-frequency domain.

In the article "Optimal Combination of Mother

Wavelet and Al Model for Precise
Classification of Paediatric
Electroretinogram Signals," published in

Sensors in 2023, the optimal combination of
wavelet transform basis function and Al
model for analysing paediatric ERG signals
is examined.

In the study "OculusGraphy: Signal Analysis
of the Electroretinogram in a Rabbit Model of
Endophthalmitis  Using  Discrete  and
Continuous Wavelet Transforms," published
by Zhdanov A.E. in Bioengineering in 2023,
ERG analysis is considered in both time and
time-frequency domains using discrete and
continuous wavelet transforms. This article
presents the results of monitoring and
evaluating the effect of treatment in
laboratory animals through ERG analysis
and compares these results with human
ERG.



XMBOTHbIX C MOMoOLIbl0 aHanu3a JPl, a
Takke ux cpaBHeHne ¢ APl niogen.

«Attention to the
Electroretinogram: Gated Multilayer
Perceptron for ASD  Classification»,
onybnukoBaHHas B xypHane |IEEE Access B
2024 ropy, wccriegyeT  NPUMEHEHue
renToBOro MHOrOCMNOMHOro nepuenTpoHa
(gMLP) gna  knaccudoukauum  OPrl,
3anucaHHbIX y nauneHToB C
paccTporcTBamMu ayTUCTUYECKOro CrnekTpa.
B pgaHHOM wnccrnegoBaHMM  MPUMEHSANCS
gMLP ans knaccudukaumm OPT,
aganTUPOBaHHbIX K cBeTy, Kak
appekTmBHaAA anbTepHaTuBa
TpaHchopmepam. HasBaHHOe
nccnegoBaHue 4BNSETCA MUOHEPCKMM B
obnactn npUuMeHeHus gMLP ans
knaccudmkaumm curdanos 3Pl nauneHToB ¢
paccTponcTBaMu ayTUCTUYECKOrO CreKTpa.

HakoHey, cTaTbsa

3. He BbI3bIBaeT COMHEHUST YTBEPXKOEHNE O
ToM, 4TO wuccnepoBaHusa >KpgaHoBa A.E.
BHOCAT 3HauuTEmNbHLIA BKMag B pasBuUTUE
3MEeKTPOU3NONOrN4YECKUX NCCNEeaOBaAHNN U
MMEIT KaK HayyHyl HOBU3HY, TakK U
NPaKTUYECKY0 3HAaYUMOCTb. JIMYHbIN BKNag
XKpoaHoBa A.E. B HasBaHHbIX Bbllle
nyonukaumsix 3akniovaeTcd B peLlueHun
Hay4YyHOWM 3agaun - pa3paboTku anropuTMoB
aHanun3a  curHanos  OPT, nmetoLlen
OonblUOe  3Ha4YeHue  Ans pa3BuTus
anekTpoduanonornn. Henb3ss He OTMETUTb
nyonukaumoHHyto  akTmBHoCTb  >KaaHoBa
A.E., a nmeHHo, 47 nybnukauuin no gaHHbIM
eanHom oubnunorpadunyeckon "
pecdepatnBHon  Gasa  peueH3Mpyemon
Hay4YHOW nNuTepaTypbl SCopus.

4. TlogBogss WTOr CKa3aHHOMY Bbile,
cuvTaln, YTO guccepTauuoHHas paboTa
>KoaHoBa A.E. un3noxeHa rpamoOTHbIM
Hay4YHO-TEXHUYECKUM S3bIKOM, B MOSIHOM
Mepe oTeBevaeTt TpeboBaHuam no
aKTyanbHOCTH, Hay4HOW HOBW3HeE,
NpakTU4eCcKomn 3HA4YMMOCTH, NNYHOMY
BKragy aBTopa, OTPaXEHMUIO pe3ynbTaTtoB B
nyonukaumsix, a Takke NOMHOCTLIO
cootBetctByeT n. 9 [lonoxeHua o
NPUCYXOEHUN yyeHbIX cTeneHen B YpdY u
cneumanbHoctTn 2.3.1. CucTeMHbIn aHanus,
ynpaeneHne un ob6paboTtka uHGOpMaLun,
cTaTucTuka.

Finally, the article "Attention to the
Electroretinogram: Gated Multilayer
Perceptron for ASD  Classification,"
published in IEEE Access in 2024,
investigates the application of a gated
multilayer perceptron (gMLP) for classifying
ERGs recorded in patients with autism
spectrum disorders. In this study, gMLP was
used for classifying light-adapted ERGs as
an effective alternative to transformers. This
research is pioneering in the application of
gMLP for ERG signal classification in
patients with autism spectrum disorders.

3. There is no doubt that Zhdanov A.E.'s
research significantly contributes to the
development of electrophysiological studies
and possesses both scientific novelty and
practical significance. Zhdanov A.E.'s
personal contribution in the aforementioned
publications lies in addressing the scientific
challenge of developing ERG signal analysis
algorithms, which is of great importance for
the advancement of electrophysiology. It is
also worth noting Zhdanov A.E.'s publication
activity, namely 47 publications in the unified
bibliographic and abstract database of peer-
reviewed scientific literature, Scopus.

4. In conclusion, | believe that Zhdanov
A.E.'s dissertation is written in competent
scientific and technical language, fully meets
the requirements for relevance, scientific
novelty, practical significance, personal
contribution of the author, reflection of results
in publications, and fully complies with
paragraph 9 of the Regulations on the Award
of Academic Degrees at Ural Federal
University and the specialty 2.3.1. Systems
Analysis, Control and Information
Processing, Statistics.



ABTOop Aaucceptaumm KpgaHoB Anekcen
EBreHbeBn4  6Ge3ycrnoBHO  3acnyxuBaeT
NPUCYXOEHUS YYEHOW CTENeHn Kangugarta
TEXHUYECKNX HayK No crneumaneHoctn 2.3.1.
CucteMHbln  aHanus,  ynpaeBneHne W
obpaboTka nHdopmauumn, cTatucTmka.

Mon A. KoHcTebn,

HokTop domnococun,

AccounnpoBaHHbIi Npodeccop U Hay4vHbIN
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The author of the dissertation, Aleksei
Evgenievich Zhdanov, undoubtedly
deserves the award of the degree of
Candidate of Technical Sciences in the
specialty 2.3.1. Systems Analysis, Control
and Information Processing, Statistics.
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