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CTAHOBHUIIE

OTHOCHO JMCEPTALMOHEH TPy 32 MPUA0OHBaHE Ha 00pa30BaTeIHa U HAYyYHA CTCTICH
»JLOKTOP”

ABTOp Ha TucepTauMoHHUS TpyA: Mar. uHxK. ViBan Kpacumupos KbHeB

Tema Ha qUcepTallMOHHUS TPYA: ,,CHHTE3 M M3CJIECIBAaHE HA METOIU U aJrOpUTMHU 32
3ByKoBa TpaHcgopmarys (cOHHGUKAIKI) Ha €IEKTPOKapAMOrpaQ)CKu CHrHAIHM IPU
Ial[UEeHTHA TeJIeMeTpus’

YlleH Ha HAy4HOTO JKypH: rpod. nTH umk. ViBo Ileranos Miues

1. AKTYaJIHOCT Ha pa3pa0oTBaHHsi B AHCePTALMOHHMS TpyA mnpobieM B
HAYYHO U HAYYHONPHJIOXKHO OTHOLIEHHE,

OO0ekT Ha W3CJCIBaHE B IUCEPTAIMOHHUSA TPYI € HOB IMOAXOJ 3a IPEACTaBsSIHE H
npefaBaHe Ha pa3CTOSHUE Ha €JIEKTpOKapAuorpaMa, ChCTOSIN C¢ B KOHBEPTHUpaHE Ha
PETUCTPUPaHKs aHAJIOTOB CHIHAI B 3BYKOB (IIpOIieC ,,COHH(UKalua™), MO3BOJISIBALLI
U3I0JI3BAHETO HA Haii-MacoBHs CHoco0 3a OTAaJedeHa CBBP3aHOCT — IjacoBara
KoMyHuKanusa. Ha npaktuka TS € Haii-1€CHO OCBIECTBMMA U CE€ IOJABPIKA OT IOYTH
BCHYKM CHBPEMCHHHU CPEICTBA 3a KOMyHHKanus. B nucepraudoHHus TPYyA HOAXOIBT
,,COHU(MUKAIMA® € pa3sBUT ¥ HMHTEpIpEeTHpaH B KOHTEKCTa Ha OTAAJICYCHOTO
MOHHWTOPHpAHE HA BHCOKOPUCKOBH IAIIMEHTH CHC CBHPACYHOCHAOBH 3a00JSABaHHUS.
@opMyJHpaHy ¥ PElICHH Cca 3a/1auy, CBbP3aHU C pa3paboTBaHE U €KCIEPUMEHTATHU
U3CIENBAHMA Ha XapJyepHH M COQTyepHH pealu3alldd 3a TpaHCHOpMHUpaHe Ha
eJIEKTPOKapAUOTPa(CKU CUTHATIM B 3BYK M IIPEaBaHETO UM IO OTAa/ICYeH IPUEMHUK
(;rexap, MEIUIIMHCKH IIEHTBD).

[IpoGreMarnkara, 0OEKT Ha W3CJICABAaHUS B AWCEPTAIMOHHUS TpPyHd, € O€3CHOpHO
akTyasHa. Jloka3BaT To KakTO MHOTOOpOMHUTE M3CIEABaHMs, LEIAIM MMOBHIIABAHE
KaueCTBOTO Ha 3[paBHATa IIOMOIN, Taka M HEOOXOAMMOCTTa OT HaMHUPAHETO Ha
HOAXOMSIIY WHKCHEPHH U TEXHOJIOTMYHH pEIleHHs B CIydauTe Ha BB3HUKBAHE Ha
na"aemMuyHu kpusu kato COVID-19.

2. CreneH Ha mNO3HABaHe CHCTOSIHHETO Ha mpo6jeMa M TBOpPYECKa
HHTEePNpeTALUs HA JUTEPATYPHHUS MaTepHAJ

JIOKTOPAHTHT € IPIUIOKMWI TBOPYECKU IOAXOJX IIPY HM3TOTBAHETO Ha JIUTCPATYpPHI
0030p Ha aucepranuara. [IpuinokeHa € METOAOJIOTHS 3a IPOBEXKAaHE HAa CHCTEMATHYHO
JIUTEPaTYpHO TMpOyYBaHE B CHENMAIW3UpaHd OasW JaHHM, KaTo B HAKOJIKO
TIOCJIEIOBATEIHU €Tama ca CeIeKTUPaHy Iy OIuKalyy, MMallyd OTHOLIEHHE KbM TeMarta
Ha aucepranusra. [ IpeacraBenara Gubarorpadceka crpaska BKiItousa 103 mureparypHu
u3TouHuKa, 70% oT Kourto myOJMKyBaHu mpe3 nociaegsure 10 ronunu. Bse Bpb3Ka ¢
JINTEPATypHOTO MPOYUBAHE Ca HAIPaBeHH JBE Iy OJIMKaIlH, KOUTO JaBaT OCHOBaHUE J1a
ce MpHEMeE, Y€ JOKTOPAHTBT € 3all03HAT C IMOCTHTHATHTE Pe3yJITaTH B 00JacTTa Ha
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conunduKanua Ha GUOCUTHAIIM U IIPEIUMCTBATa U IPOOIEMUTE IIPY IPHIIOKECHUETO i 32
OCBIIECTBABAHE HA JUCTAHIMOHHO MPOCIEIBAHE HA NALIMEHTH.

3. ChoTBeTCTBHE HAa H30paHATA METOAMKA HA H3CJIeABaHe H NOCTABEHATA LieJl
| 321241 HA JUCePTALMOHHHS TPYA C OCTHTHATHTE IPHHOCH.

dopMyHpaHaTa el ¥ 3a/[a4d ca MPSIKO CBbP3aHMU C U3BOJUTE OT JIUTEPaTypHUSL 0030D.
3a M3NBJIHEHHETO WM aBTOPHT € MPEUIOKHUI aHAJUTHYEH IOAXOMA. 3a OICHKA Ha
HEpEIIEHUTE POOIEMHU, M U3CIIEOBATENICKY MOIXO0A 32 Ch3laBaHe U BepupUIUpaHe Ha
aJIeKBaTHHUTE UM perneHus. OTIeTHUTE eTaly BKIIOYBAT: OLEHKA Ha HaEKAHOCTTA [IPH
KOHBEPTHpPAHE Ha aHAJOTOBU CUTHAIU B 3BYK M IIPEJaBaHETO UM Ha Pa3CTOSHUE, Upe3
MOOMIIHA KOMYHHKALUS; allapaTHA ¥ AITOPUTMUYHYU pealli3alliyl 3a IIpaBa U o0paTHa
ayano TpaHchopMamus, pa3pabOTBaHE M TECTBAaHE Ha YCTPOMCTBA 3a MaIlMEHTHA
TEIEMETPHs, B JIabopaTopHM W KIMHWYHH YycioBud. IlocTurmarture pesynratu
MOTBBPKAABAT aIeKBATHOCTTA HA METOAMKATA 3a U3CJIECABAHE.

4. Hay4yHd 1/WJIM HAYYHONIPHJIOKHH MPHHOCH HA JHCEPTALMOHHMS TPYA

HayuyHO-npuI0KHUTE IPUHOCH

- HayuHo-npuio)eH NPUHOC CBBpP3aH C M3CIEABAaHE Ha HAACKIHOCTTa TpU
tpanciamusa, 4ype3 GSM, Ha conuduumpanu EKI' cursamm, mocpeacTBom
OlpeleNsHe Ha AaMIUIUTYIHO-YECTOTHUTE XapaKTEPUCTUKM Ha Ppas3IuvHU
MoOmwIHH TenedoHu. I[IpUHOCHT € CHOTHOCMM KBbM IIOJlydYaBaHE Ha
HOTBBPAUTEITHN (DAKTH.

- HayuHo-npuio)eH NPUHOC CBBpP3aH C pealu3vpaHa M TeCTBaHA aHaJOroBa
cxeMa Ha npeoOpasyBaren Ha EKI' B ayano curnan, mossojsBaiia 3HaYUTCITHO
HaMaJlsiBaHe Ha KOHCyMalus, pasMepd U LieHa. IIpuHOCHT € CHhOTHOCHM KbM
Ch3/1aBaHE HA HOBU METOJM Ha U3CIIECABAHE U HOBU TEXHOJIOTHH. A

- HayuHO-npWiIoXeH MPUHOC CBBP3aH ChC CHHTE3 Ha AJTOPUTMHU U CHOTBCTHH
HpOTpaMHH TPOLIEAYPH 3a MOIYJIAIHS U AeMOIyIanusa Ha connpunupanns EKT
CHUTH&JI, KOWTO C€ U3NBJHABAT B pEAIHO BpeMe€ OT E€JHOYHMIIOBU
MHUKPOKOHTposiepu. [I[pHHOCHT € ChOTHOCKHM KBM Ch3/]JaBaHe Ha HOBY METO/IM Ha
u3cleBaHe U HOBU TEXHOJIOTHH.

IIpunoxxeH npuHoC:

- PaspaGorBaHe Ha mojamoMaramu COQTYyEepHH NIpOLEAypHU 3a CUCTEMATHYHO
JIUTEPaTyPHO MPOyUYBaHe, paboTemny ¢ 0a3u JaHHU ¢ Hay4HU ITy OJIMKaIHH.
[Tpuemam npuHOCHUTE O€3 3a0€EKKH.

S. IMpenenka Ha MyOJIMKAIIMATE MO ANCEPTALNMOHHMS TPYA: Opoii, XapaKTep Ha
H3IaHUATA, B KOUTO Ca OTNeYaTaHH.

Pesynratute OT M3MBIHEHHETO Ha 3aJadydTe B AUCEPTALMOHHMA TPyI ca
1y 6uKyBaHu B 6 craTud. Mar. uik. Fisan KbHeB € mbpBH aBTOP B 2, BTOPH aBTOD B 1
¥ TIOCTIeIeH aBTOp B 3 OT Tax. ExHa oT myGmukanuute € camoctosTeaHa. Ilpencrasenu



ca IaHHH 3a 3 IIUTHPAHUS U JIBE yJacTys B HAYYHOU3CIEA0BaTENCKHU NpoekTa 1o OHH.
ITo3HaBaiiku B JeTaitiu paboTaTa My, KaKTO U IIPEACTaBIHETO My Ha Hay4HU HopyMmu,
Mora Ja JeKjapupaM, Y€ JUYHOTO My ydacTHe B IyOnNMKallMOHHaTa ACHHOCT €
3HAYUTEIIHO.

6. MHeHusl, NPeNOPBKHA U OeJIeKKH.
HsiMaM ChIIECTBEHH IPETIOPHKH U 3a0€TIEHKKH.

7. 3akiaouenue

[pencraBeHUTe MaTepHald AaBaT BE3MOKHOCT 32 00EKTHBHA M MHOTOCTpaHHa
OllcHKa Ha KauecTBaTa Ha Mar.umk. VBan KpHe. IlperncraBeHure pesyiaTatd B
npeoGnagaBamara Cd 4YacT, ca ¢ NPUHOCH 3a pellaBaHe Ha akKTyalHH IpoOiIeMu
CBBP3aHM C MPUIOKEHUETO Ha aITePHATHBEH ITOJXO0 ,,COHU(UKAIMA " IIPH OTAAJIEYECHO
MOHUTOPHpPAaHE HAa PHCKOBH IIAlMeHTU. BHUIHO €, 4e IOKTOPaHTHT 3HAYUTEIHO
[pEBUINABA aKTYaJHUTE HOPMATUBHM M3UCKBaHMA 3a norydyasaHe Ha OHC ,,Jlokrop™.
Tosa Mu maBa ocHOBaHHE yOemeHO Ia mpemioka Ha Mar. umk. VBan Kpacumupos
KbHeB, na ObJe mNpuchieHa oOpa3oBaTenHaTta W HayyHa cremeH ,JIOKTop® B
npodecuonanno Hampasierue: 5.2 “EJJEKTPOTEXHUKA, EJIEKTPOHMKA U
ABTOMATHKA?”, nokTopcka mnporpama ,,MeauIuHCKA ypeau™.
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POSITION

on a dissertation to acquire the acquisition of an educational and scientific
degree "Doctor"

Author of the dissertation: M.Sc. Eng. Ivan Krasimirov Kanev

Dissertation topic: "Synthesis and research of methods and algorithms for sound
transformation (sonification) of electrocardiographic signals in patient
telemetry"

Member of the scientific jury: Prof. DSc Eng. Ivo Tsvetanov Iliev

1. Relevance of the problem developed in the dissertation work in scientific and
applied scientific terms.

The object of research in the dissertation work is a new approach for the presentation
and remote transmission of an electrocardiogram, consisting in converting the registered
analogue signal into sound ("sonification" process), allowing the use of the most popular
method for remote connectivity - voice communication. In practice, it is the easiest to
implement and is supported by almost all modern means of communication. In the
dissertation, the "sonification" approach was developed and interpreted in the context of
remote monitoring of high-risk patients with cardiovascular diseases. Tasks related to
the development and experimental research of hardware and software solutions for
transforming electrocardiographic signals into sound and transmitting them to a remote
receiver (doctor, medical center) were formulated and solved. )

The problematics, object of research in the dissertation work, is undeniably actual. This
is proven both by numerous studies aimed at increasing the quality of health care, and
by the need to find appropriate engineering and technological solutions in the event of
pandemic crises such as COVID-19.

2. Degree of knowledge of the state of the problem and creative interpretation of
the literary material.

Mr. Kanev applied a creative approach in preparing the literature review of the
dissertation. The rules for conducting a systematic literature search in specialized
databases were used, and in several successive stages publications related to the topic of
the dissertation were selected. The presented bibliographic reference includes 103
literary sources, 70% of which were published in the last 10 years. In connection with
the literature survey, two publications were made, which give reason to assume that the
PhD student is familiar with the achieved results in the field of sonification of bio-
signals and the advantages and problems of its application for remote monitoring of
patients.
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3. Correspondence of the chosen research methodology and the set goal and tasks:
of the dissertation with the contributions achieved.

For their implementation, the author has proposed an analytical approach for evaluating
the unresolved problems, and a research approach for creating and verifying their
adequate solutions. The separate stages include: assessment of the reliability in
converting analogue signals into sound and their transmission at a distance, through
mobile communication, with subsequent recovering of the signals; hardware and
algorithmic implementations for direct and reverse audio transformation; development
and testing of patient telemetry devices, in laboratory and clinical settings. The achieved
results confirm the adequacy of the research methodology.

4. Scientific and/or applied scientific contributions of the dissertation work.

Scientific and applied contributions:

- Scientific-applied contribution related to the study of the reliability during translation,
via GSM, of sonified ECG signals, by means of an analysis of the frequency response
of different mobile phones. The contribution is relative to obtaining confirming facts.

- Scientific-applied contribution related to the implemented and tested analog circuit of
an ECG to audio signal converter, allowing a significant reduction in consumption,
dimensions and price. The contribution is relative to the creation of new research
methods and new technologies.

- Scientific-applied contribution related to the synthesis of algorithms and corresponding
program procedures for modulation and demodulation of the sonified ECG signal, which
are performed in real time by single-chip microcontrollers. The contribution is relative
to the creation of new research methods and new technologies.

Applied Contribution:

- Development of supporting software procedures for systematic literature review,
working with databases of scientific publications.

I accept contributions without objection.
S. Assessment of dissertation publications

The results in the dissertation were published in 6 articles. MSc. Ivan Kanev is first
author in 2, second author in 1 and last author in 3 of them. One publication is
independent. Data are presented for 3 citations and two participations in scientific
research projects under NSF. Knowing his work in detail, as well as his presentation at
scientific forums, I can declare that his personal involvement in publication activity is
significant.

6. Opinions, recommendations and notes.

I have no significant recommendations and remarks.



7. Conclusion

The presented materials provide an opportunity for an objective and multifaceted
assessment of the qualities of a magician. MSc. Ivan Kanev. The presented results, in
their predominant part, are contributions to solving current problems related to the
application of an alternative approach "sonification" in remote monitoring of risk
patients. The achieved results significantly exceeds the current regulatory requirements
for receiving the ESD "Doctor". This gives me reason to confidently suggest to a MSc.
Ivan Krasimirov Kanev, to be awarded the educational and scientific degree "Doctor"
in professional field: 5.2 "ELECTRICAL ENGINEERING, ELECTRONICS AND
AUTOMATICS", doctoral program "Medical devices".

28.08.2023 Member of the jury: (/1)
/Prof. DSc. Ivo Iliev/
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