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1. AKTyaJIHOCT HA pa3paGoTBaHHs B JUCEPTAIHOHHHAS TPYX MpodjeM B HAYYHO H
HAYYHO-TPUJIOKHO OTHOIIEHHE:

AKXTyanqHOCTTa Ha TeMaTa Ha JWCEPTAlMOHHUS TPyX Ha M. VBan KnHueB He Oymu
ChbMHEHHE, 3aIl0TO € OE3CIOPHO HM3MCKBAHETO 34 PAa3sBUTHE W INPUIONKCHHEC Ha 3BYKOBHUTE
TpaHchopMaliy Ha eJIeKTpoKapaAHorpad)CKu CUTHAIIH [IPH IAIIEHTHATA TEIEMETPHSL.

Pe3yraTtuTe OT U3CIEABAHMATA 33 Ch3[aBaHE aJTOPUTMH 3a 3BYKOBa TpaHc(opmarms
Ha eJIeKTpoKapaAnorpad)CckM CHTHAIKA II03BOJIIBAT Ja C€ MpeanoXkaT HOBH €JIEKTPOHHH
CTPYKTYpH IpU NAIUECHTHUS TEJIEMETPHYEH MO L.

JucepraimonHaTa  pa3paboTka IPEICTaBIsABAa HHTEPECHO  HalpaBJICHHE  Ha
€JIEKTPOHM3AIMATA Ha MEAUIIMHCKUTE YPEAH U CUCTEMH.

2. [locTaBeHN MeIH U 3aJa9H: )

[lenTa, KOATO MpeciieaBa JUCEPTAHTHT, € Ja C€ IPEAJOXKH HOB IOAXO0J 3a OTAAICUYCHO
MOHHMTOPUPAHE Ha PHCKOBH IAIHEHTH ChC CHPIACYHOCHIOBH 3a00JIIBaHUS ChC CTAaHIApPTEH
ayMOKaHal U MOOHIHO YCTPOMCTBO 3a KOMYHHKAaIMs 3a MpeJaBaHe Ha COHH(HIHMpPaHa
€JIEKTpOKapIuorpama.

OCHOBHHTE 3aJlayd BKJIIOYBAT: CHEMAaHE Ha AaKyCTHYHHUTE XapaKTEPHUCTHKH Ha
MOOWJIHH KOMYHHMKAIlMOHHH arapaTH ¥ u300p Ha ONTHMalHa HOCEIla YeCTOTa W JEeBHAIUS
OKOJIO  HOCEIIaTa 4YecToTa; MPOeKTHpaHe ©  peaM3upaHe Ha  MOPTaTHBCH
eJIEKTPOKapAUOrpad)CKi  PETHCTPHUpPAIl MOXYJT; 00OCHOBaBaHE Ha pPabOTOCIOCOOHOCTTA Ha
MojayJa U pa3paboTBaHEe Ha TeJNEMETPUYHA CHUCTEMA 3a PETHUCTPUPAHE M TpaHCTIAlMs Ha
COHU(UIMPaHA eJIEKTPOKapArorpamMa U .IIPOBEXIaHE HA KOHTPOJIMPAHH KIIMHHUYHU TECTOBE
33 JIOKa3BaHE Ha NPWIOKHMMOCTTA Ha ayAHO TpaHCHaluATa Ha COHH(HUIMpaHa
eJIEKTpOKapIuorpama IpH OTAAIEUCHO MOHUTOPUPAHE Ha IAllMEHTH.

3. CteneH Ha MO3HABaHe CHCTOSIHMETO HA Mpo0JeMa ¥ Ha JIHTEPATYPHHUSI MaTepHAJ:
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[IpernensT Ha cmuchbka Ha M3MOJ3BaHATA B AWCEpTallUsATa JIATEpaTypa, BKJHOUYBAIIA
103 3armaBus, MOKa3Ba, Y€ MAWCEPTAHTHT II03HABA IyOimKanmuuTe B 00jIacrTa —“Ha
€JIEKTPOHM3AIMATA Ha MEIUIIMHATA, MOAEIMPAHETO ¥ IpeoOpa3yBaTe/IHaTa TEXHUKA U IIpaBH
KPUTHYCH aHalW3 Ha HEJOCTaThLIUTE Ha JoceramHuTe pazpaborku. Toil mokaszBa no0pa
JUTEpaTypHa OCBEIOMEHOCT KaTo KOpeKTHO ImTHpa 103 murepaTypHM M3TOYHHKA (caMoO Ha
AHMIMHCKY €3HK) 3a 1a 000CHOBE H30paHus MOJXO0 IpH pa3paboTKara.

W3cnensanmsara 1Mo AWCEPTAIUATa ca INPOBEACHH B J1abOpaTOpHHTE Ha Kareapa
»Enektponna TexHuka ~” Ha TY — Codus.

4. ChoTBeTCTBHE HA H30paHaTa MeTOAMKA HA H3cJIeBaHe C IOCTABEHHTE eI H 3a1a49H
HA JUCEPTAIUOHHUS TPYA:

JlucepTaHTHT METOAWYECKH NPaBHUIIHO € u30pan Hafi-HampeXx Aa pasriefa U3BECTHH
METOJ¥, YCTPONUCTBA U CHCTEMH, M3IOJ3BAHU 3a IEIMTE HAa MEJUIMHCKATa TEXHUKA 3a Ja
000CHOBE OCHOBHHUTE 3aBHCHMOCTH Ha COHM(HKaIMATa, KOUTO MOTraT a C€ yIpassBaT 3a
Jla ce pelaT 3aJauuTe KOUTO CTOAT B AUCEPTALUATA.

JIucepTaHTHT TpaBU aHaJIW3 Ha TMPHIOKEHHETO Ha MOOWIHHM YCTBOMCTBa 3a
OT/JaJieueH0 MOHUTOPHPAHE Ha IAalHeHTH ¢ KapJUOJOTMYHH MpoOJeMH U IIPaBU U3BOJ, Y€
COHU(HKaNKATa KaTo MMOAX0J 3a TpaHCep Ha AaHHH € ciabo 3acThlIeHAa B HU3BECTHHTE
JUarHOCTUYHM cucTeMH. Toil mpeanara ga ce U3cienBaT aKyCTUYHUTE XapaKTEPUCTHKU Ha
pa3IuYHM KjJacoBe MOOWJIHH amapaTd W Ja Cce M3I0J3Ba CTaHIapTEeH ayauo KaHal Ha
MobunHo ycrpoiictBo (GSM) karo uHTepdeiic 3a nmpenaBaHe Ha JaHHU. M3cineaBaHeTo €
IPOBEIECHO KaTO € M3MOJI3BaHa eKCIIepHMEHTallHa TecToBa cucrema B cpena LabVIEW. )
CHetu ca aMIUIMTY IHO-4YECTOTHUTE XapaKTEPUCTHKH Ha TECTBAHHTE MOOMIIHU YCTPOICTBA U
€ YCTaHOBEHO, 4e € BB3MOXKHO HajexaHo npenaBaHe Ha EKI' curmamu, mpeIBapHTENHO
KOHBEPTHUPAHH B 3BYKOBH. YCTAaHOBEHO €, Y€ ayJHOTPaKThT HE BHACS H3KPUBSBAHMS HA
CHTHaJa M He ce 3alems3Ba 3aryba Ha HHpOpPMAIUs M € HAJIUIE IIOBTOPSIEMOCT Ha
pe3yJITaTUTE IIPU U3IOJI3BAaHE HAa pa3HM4HU KjIacoBe MOOMIHH yCTpOMCTBA.

B mucepramuaTa ce mpeacTaBsj MOIAXOIr 3a IPOEKTHpaHE Ha aHaJoroB IH(POB
MOJIyJIH, pealu3Upalld eJeKTpokapauorpadcka coHupukanus kato u300pbT Ha BapUaHTH
ce o0ycnmaBs OT uaesTa 3a MUHMUMH3HUpaHE Ha pa3MEpHUTE Ha amapaTHaTa pealu3alus U
HaMaIsiBaHe Ha KoHcyManmsara. CoHudunupaHata eJeKTpoOKapAHOIrpaMa ce IpelaBa
nocpenctBoM GSM 10 oTmanedeH mNpUeMHHK (MEPCOHAIEH KOMIIIOTBD), KBIETO C€
JIEMOJIyJIUpa U BU3yaJIM3upa, BbB BHJ Ha rpaduka, KaTo 3a [eJiTa € pa3paboTeHa IporpaMHa

nporeaypa BB VisualStudio.
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[TonyueHUTE €KCIIEPUMEHTATHN Pe3yNTaTH IIOTBBPXKAABAT paboTOCIOCOOHOCTTA Ha
NPOEKTHPAHOTO aHAJOroBO W UH(GPOBO CXEMHH peIIeHHs 3a TpaHcopManus. Ha
eJIEKTpOKapuorpamMa B ayIM0 CUTHaJL

5. Hay4Ho-mpH/I10KHE H NPHJIOKHH NPHHOCH HA JHCEPTAMOHHHS TPYQ:

IMoxkpemnsm GpopMyIHpaHUTE OT JUCEpTaHTa IPUHOCH, U TH IIPHEMaM B KaTeropusira
Ha HayYHO-IIPUIOKHH. BaXkHO e, 4e poBeaeHNTe KIHHHYHU TECTOBE, B OOMHUYHA Cpelia, 3a
OIleHKa Ha NPUJIOKEMOCTTA HA METOJa JOKa3BaT paboTOCIOCOOHOCTTa Ha pa3paboTeHHTe
aHaJIOroB ¥ NH(POB ypeau 3a NEeIUTe Ha MalluEHTHATA TEJIEMETPHS.

6. OnenKka Ha CTENMEeHTa HA JIMYHOTO Y4acTHe Ha AHCEPTAHTA B MPHHOCHTE:

He mnosHaBam mnmuHo wmmk. ViBan KpHeB, HO OT NpPOYETEHOTO B OHMCEPTALUATA
OLlEHSABAM, dYe JUCEPTAHTHT BJIAZEEe AaHAIN3a, MOJCIMPAHETO M EKCIIEPUMEHTHUTE II0
pa3paboTKuTe, a NpPEICTaBIHETO Ha pe3yJNTaTHTe B HAKOJKO HaydHH (opyma HOKa3Bar
aKTUBHOTO MY IIPUCHCTBUE B HAyUHHS )KUBOT HA KaTe/para.

7 . lIpeneHka Ha NyOJIHKANMHTE M0 AUCEPTAIIHOHHMS TPY/A:

[TyGnukanuute ca 6 Ha Opoi, OoT KOMTO 1 camocToATeNHA, M IpHEMaM, Y€ Te
OTpa3sBaT OCHOBHHTE YacTH Ha pa3paboTKara 110 JUCcepTalusaTa.

Moxe ma ce mpHeMe, 4e pe3yJITaTHTE OT AWCEpTalMiTa Ca IO3HATH Ha HaydHaTa
o0mHOCT y Hac W B 4YyXOWHA, ThH KaTo ca BKJIIOYEHH B HAy4YHM  HM3JaHHS Ha
MEXIYHApOIHUTE KOH(QEPEHIINH 0 €JIeKTPOHU3aINS.

Hsamam o0y myOmukaiyy ¢ JucepTaiTa U He CbM CBbP3aHO JIUIIE C HEro II0 CMHUCHIIA
Ha maparpa¢ 1, T. 5 ot Jonsmautenaute pasnopendu Ha 3PACPB. _

12. 3ako4enune:

OueHsIBAM I0JIOKHTEHO AKTYAJTHHS XapaKTep H pe3yJTaTHTe OT paspadoTkara
Ha aucepranuonHus Tpya Ha wmk. WBan Kpacumupos KpHeB Ha Tema: "Cuntes u
H3cjaeABaHe HA METOJH H AJrOPHTMH 32 3ByKoBa TpaHcdopManus(COHH(PHKANMA) HA
€JIEKTPOKAPANOrpad)CKH CHIHAJM NPH NANHEHTHA TejJeMeTpus” 1o NpogecHOHATHO
HanpaBjaenne 5.2. ,EjJekTpoTexHHKa, eJeKTPOHHKA, aBTOMaTHKa” 10 Hay4Ha
cnenuanaHocT ,Mexnuuucku ypeaun” u npemnaram Ha Hayunoro xypu ma mpucbam Ha

HBan Kpacumupos KnneB o6pazoBaresiHaTa 1 Hay4YHa cremneH “JlokTop”.

Codus, [Moammc: ( N )
05.08.2023r IIpod. zi-p urx. Hukona Kones, 1.H.

10 C OPUTMHANA|



OPINION
on a dissertation work for the acquisition of the educational and scientific degree "Doctor"
Author of the dissertation: M.Sc. Eng. Ivan Krasimirov Kanev
Topic of the dissertation: "Synthesis and research of methods and algorithms for sound
transformation (sonification) of electrocardiographic signals in patient telemetry" in professional
direction 5.2. "Electrical engineering, electronics, automation", scientific specialty "Medical devices"
Gave the opinion: Prof. Dr. Eng. Nikola Vichev Kolev, Dr. Sci.

1. Relevance of the problem developed in the dissertation in scientific and scientific-applied terms:
The relevance of the topic of the dissertation work of Eng. lvan Kanchev is beyond doubt, because
the requirement for the development and application of sound transformations of
electrocardiographic signals in patient telemetry is indisputable.

The results of research on creating algorithms for sound transformation of electrocardiographic
signals allow to propose new electronic structures for the patient telemetry module.

The dissertation development represents an interesting direction of the electronization of medical
devices and systems.

2. Set goals and tasks:

The aim pursued by the dissertation student is to propose a new approach for remote monitoring of
at-risk patients with cardiovascular diseases with a standard audio channel and a mobile
communication device for transmitting a sonified electrocardiogram.

The main tasks include: recording the acoustic characteristics of mobile communication devices and
choosing the optimal carrier frequency and deviation around the carrier frequency; design and
implementation of a portable electrocardiographic recording module; substantiating the
functionality of the module and developing a telemetry system for recording and translating a
sonified electrocardiogram and conducting controlled clinical tests to prove the applicability of audio
translation of a sonified electrocardiogram in remote patient monitoring.

3. Degree of knowledge of the state of the problem and of the literary material:

The review of the list of literature used in the dissertation, including 103 titles, shows that the
dissertation student knows the publications in the field of electronic medicine, modeling and
conversion technique and makes a critical analysis of the shortcomings of the previous
developments. It shows good literature awareness by correctly citing 103 literature sources (in
English only) to justify the chosen development approach.

The research on the dissertation was carried out in the laboratories of the Department of "Electronic
Technology" of TU - Sofia.

4. Correspondence of the chosen research methodology with the set goals and objectives of the
dissertation work:
The dissertant methodologically correctly chose first to examine known methods, devices and
systems used for the purposes of medical technology in order to justify the main dependencies of
sonification that can be managed to solve the tasks that stand in the dissertation. The doctoral
candidate analyzes the application of mobile devices for remote monitoring of patients with cardiac
problems and concludes that sonification as a data transfer approach is poorly represented in known
diagnostic systems. It proposes to investigate the acoustic performance of different classes of mobile
handsets and to use the standard audio channel of a mobile device (GSM) as the data transmission



".;w—]r—*m 'f\‘rﬂ
I L z—» a—
L-:»u ] 17 5‘ e B

interface. The study was conducted using an experimental test system in LabVIEW environment:. The
amplitude-frequency characteristics of the tested mobile devices were recorded and it-was found
that reliable transmission of ECG signals, previously converted to sound, is possible. The ‘audio, path
was found to introduce no distortion to the signal and no noticeable loss of information, and there
was repeatability of results when using different classes of mobile devices. The dissertation presents
an approach for the design of analog digital modules implementing electrocardiographic sonification,
and the choice of options is determined by the idea of minimizing the dimensions of the hardware
implementation and reducing consumption. The sonified electrocardiogram is transmitted via GSM
to a remote receiver (personal computer), where it is demodulated and visualized in the form of a
graph, for which a program procedure was developed in VisualStudio.

The obtained experimental results confirm the operability of the designed analog and digital circuit
solutions for the transformation of an electrocardiogram into an audio signal.

5. Scientific and applied contributions of the dissertation work:
| support the contributions formulated by the dissertation, and | accept them in the category of
scientific and applied. Importantly, the clinical tests performed, in a hospital environment, to
evaluate the applicability of the method prove the operability of the developed analog and digital
devices for the purposes of patient telemetry.

6. Assessment of the degree of personal participation of the dissertation student in the
contributions:
| do not personally know Eng. Ivan Kanev, but from what | have read in the dissertation, | appreciate
that the dissertation student is proficient in analysis, modeling and development experiments, and
the presentation of the results in several scientific forums prove his active presence in the scientific
life of the department.

7. Assessment of dissertation publications:
The publications are 6 in number, of which 1 is independent, and | assume that they reflect the main _
parts of the dissertation development.

It can be assumed that the results of the dissertation are known to the scientific community at home
and abroad, as they are included in scientific publications of international conferences on
electronization.
| have no publications in common with the dissertation student and | am not a person related to him
in the sense of paragraph 1, item 5 of the Supplementary Provisions of ZRASRB. 12.

Conclusion:

| positively evaluate the current nature and results of the development of the dissertation work of
Eng. Ivan Krasimirov Kanev on the topic: "Synthesis and research of methods and algorithms for
sound transformation (sonification) of electrocardiographic signals in patient telemetry" in
professional direction 5.2. "Electrical engineering, electronics , automation" in the scientific specialty
"Medical devices" and | propose to the Scientific Jury to award Ivan Krasimirov Kanev the educational
and scientific degree "Doctor".

Sofia, Signature: ( N )

08/05/2023 Prof. Dr. Eng. Nikola Kolev, Dr.Sci.




