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PEUEH3UA

Ha gucepTalMoHEH TpyAa 3a nony4vyaBaHe Ha 06pasoBaTenHa " Hay4Ha CTeneH ,,]J,OKTOp”

ABTOp Ha AMcepTaLMOHHUA Tpya: Mar. uHx. Msan Kpacumupos KbHes

Tema Ha aucepTaumoHHus Tpya: ,CuMHTE3 1 n3cneasaHe Ha MeToan U anropuTMu 3a
3ByKoBa TpaHcopMaLms (CoHnduKaLma) Ha enekTpokapanorpadcky curHany npu
naumMeHTHa TenemeTpusa”

UneH Ha Hay4HO xypu: un.-kop. Feoprv CnasyeB MyxoB, OKTOP Ha HaykuTe, npodecop

1. AKTyanHoCT Ha pa3paboTsBaHus B _AWCEPTaUMOHHUA Tpya npobnem B
Hay4YyHO M Hay4YHOMPUII0XKHO OTHOLIEHUE.

TenemMeTpuYHOTO MOHUTOPMPAHE Ha NauWeHTU TbPN MHTEH3MBHO pasBuUTUE Npes
nocrnegHuTe roauvHW, ocoBGeHo 3a ,oTAanevyeHo’ HabniogeHWe Ha nauveHTh Cbe
CbpAeYHOCHA0BU 3abonsBaHus. TbPCAT Ce U ce pasBuBaT HOBM M YCbBbPLUEHCTBaHU
Moaxodu W pelleHus 3a oTganedeHa cBbp3aHocT. EAuH TakbB noaxon e 3Bykosata
KOMYHUKaLUs, noaabpXaH OT MOYTU BCUYKU CbBPEMEHHU CPEACTBA 3a KOMYHUKaLUs.
3aToBa, AUCepTaLMOHHUAT TPyQ € HanmbfHO akTyarneH, 3aHMMaBalku ce ¢ BbnpocuTe 3a
koHBepTUpaHe Ha EKI curHanu B 3ByKOBM curHanm (COoHucMKauus — ,03ByYaBaHe"),
TAXHOTO MNpefaBaHe Ha pasCTOsHME 4Ype3 CUCTEMUTE 3a [nacoBa KOMyHUKauus W
nocneggailo obpaTtHo KoHBepTupaHe B HopmaneH EKI curHan.

2. CrteneH Ha no3HaBaHe CbCTOAHMETO Ha npobnema W _TBOp4ecka
UHTepnpeTauus Ha NUTepaTypHUa MaTepuan

HanpaseHoTo nutepaTtypHo npoyyBaHe ((nasa 1) u HanpaBeHWs aHanu3 B Hero
nokassaT OTMMYHO MO3HaBaHe Ha TemaTtukata — rnoco4veHu ca obuo 103 nuTepaTypHU
sarnasua. OTuMTam npuvHOCa Ha AucepTaHTa npu paspaboTeHus BapuaHT Ha
cMCTeMaTMYHO NMTepaTypHO nNpoy4YyBaHe 3a OueHKa Ha TeKylloTO CbCTosHWE Ha
nscnenBaHuaTa B obnacTra Ha ayanoTpaHcdhopMauusta u otaanev4eHoTo MoOHUTOpUpaHe
Ha NauuneHTu. ‘

ABTOPBLT € AeduHUpan LuesnTa Ha AMcepTauMoHHUs TpyA KaTo ,...0a ce paspabomu,
uscnedea u eepucpuyupa nooxod 3a omdasiedyeHo MOHUMOpUpaHe Ha puckKosu
nayueHmu, cbc cbpdeYHOCLO08U 3aborisieaHuUs], u3rnonssaw, cmaHOapmHus ayouo KaHarl,
8 MobunHu ycmpolicmea 3a KOMyHUKauusi, 3a rpedasaHe Ha COHuuyupaHa
enekmpokapduozpama...“. 3a U3NbfHEHNe Ha LenTa ca noctaseHn 4 3agauun, KOUTo ca
CBbP3aHM CbC CreaHOTO:

— MNpoBEXAaHe Ha eKcrnepuMEHTasnHW u3crneasaHusl 3a CHeMaHe Ha aKyCTU4HWUTe
XapaKkTepucTKM Ha MOOUIHM KOMYHMKaUMOHHM anapaTt u n3bop Ha onTuMarnHa Hocelwa
yecToTa 1 AeBuaums, cbobpaseHu ¢ napametpute Ha peructpupanus EKI curHanm;

— NpoeKkTUpaHe u anapaTHO peanuavpaHe Ha NopTaTWBEH enekTpokapavorpadcku
perucTpupall, MoAyn 3a peanuavpaHe UM TeCTBaHe Ha MeToauKaTa 3a COHWUdMKauus Ha
EKI curnan;

— BepudmumpaHe Ha pabotocnocobHOCTTa Ha perucTpupalums mogyn 4pes
npegaBaHe C MOOWIHO YCTPOWCTBO OO OTAaneyeH NPUMEMHUK Ha ayauMo KOHBEPTMpPaHu
eTanoHHu TecToBu U cumynupanu EKI™ curHanu;

— paspaboTBaHe Ha TenemeTpy4Ha cucTema 3a percrTpupaHe u TpaHcrnauua Ha
coHuU(ULMpaHa enekTpokapauorpama, TecTBaHe Ha cucTemaTta 3a HafexXaHoCT W
npoBeXaaHe Ha KOHTPONMPaHW KIMHWYHM TECTOBE 3a [oKa3BaHe Ha NpUIoXumocTTa Ha
ayavo TpaHcnauusita Ha coHudurUmpaHa enekTpokapanorpama.

OToenHute 3agauyu ca nocregoBaTenHo pellaBaHW B rMnaBuTe Ha Tpyda Mo
cblecTBo. ObpasoBaTenHuTe Lienu Ha gucepTtaumusTa ca U3MbITHEHN.
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3. ChoTBeTcTBME Ha M3GpaHaTa MeToauka Ha uscnenBaHe ¢ nNocTaBeHara Len
M 3aa4u Ha AMCepPTaLUMOHHUA TPYA

MeToanyecku, AMCEepTaUMOHHUAT TPyA € B JlorMyeckaTta nocnefoBaTefHOCT. OF:
npernes, Ha CbLECTBYBALOTO MOMOXEHWe; NpeAnaraHe Ha afekBaTHW 3a-UenTa
pelleHuns; paspaboTBaHe Ha MOAXOAALW METOAWKM, anropuTMU U CXEMHU peLUeHns,
TecTBaHWA, aHanu3 Ha peayntatute. Metoaukata 3a npoBexaaHe Ha uscneaBaHuAaTa
BKMIOYBaA aBTOpCKa pa3paboTka Ha anapaTHoO-NMporpamMHa peanusauus 3a YecToTHO
KkoaupaHe u gekoampaHe Ha coHupaH EKI™ curHan.

MonyyeHWTe eKcnepuMeHTanHW pesynTaTn ca ajeksatHa Bepudukauus Ha
npeanoXxeHuTe pelleHus. Beryko ToBa CbOTBETCTBA HaMbMHO Ha uenTa u 3afadnTe Ha
AucepTaunoHHUA Tpya.

4. KpaTtka aHanutuyHa _XxapakTepucTtuka Ha eCTecTBOTO W oleHKa Ha
OOCTOBEpPHOCTTa Ha MaTepuana

MpencraseHuaT Tpya € B 06em ot 108 cTpaHuum PasnpeaeneHneTo Ha maTtepuana
e KaKTo criegsa: 3arnaBHa CTp., ChabpKaHue U yBog — 6 cTp.; yeTupm rnasu 7-80 cTp.;
NPUHOCU B AUCEPTaLMOHHUS TpyA, Nybnukauun BbB Bpb3Ka C AMCEPTaUMOHHWUA TPpya U
yyacTve B Hay4YHOMU3CNEeAoBaTEeNcKM NPoeKTU S CTp.; u3nonssaHa nurepaTypa 86-96 cTp.;
Ase npunoxexusa 97-103 cTp.

Mnasa 1 npeacTaBnsiBa CUCTEMaTUYHO TNUTEPATYPHW nNpoy4yBaHe, B KOATO €
HanpaBeH LleneHacoyeH nperrnes BbpXy OTAANEYeHOTO MauMeHTHO MOHWTOpPUPaHe,
COHUMMKALMATA KaTo METOA 3a perncTpupaqe, aHanus u obpaboTka Ha GromeanLIMHCKN
cUrHanu 1 NpuUoXeHneTo Ha MoOBWMHM YCTPOWCTBa 3a npeaasaHe U perucTpupaHe Ha
enekTpokapauorpdckm curHanu JiutepaTtypHoTo npoy4ysaHe 3aBbpluBa C 060o6weHne n
n3Boau, Ha 6asaTa Ha KOUTO ca NOCTaBeHW LernTa n 3agavute Ha AucepTaunmoHHUA Tpya,.

MnaBa 2 e noceBeTeHa Ha W3CneaBaHEeTO Ha aKyCTUYHUTE XapakTepuUCTUKWU Ha
pasnuWyHM KkrnacoBe Mo6unHW anapaTu. KomnosupaHa e ekcnepumeHTanHa onuTHa
nocTaHoBka. MpoBeeHn ca nscriedBaHns ¢ NeT pasnuyiHu MobunHy anapara v Ha basata
Ha eKkcrepuMEeHTanHuTe pesynTaTtv ca AeduHupaHu onTumanHute obxeaTty 3a Hocelia
4ecToTa, HellHaTa AeBMauus K YecToTa Ha AUCKPeTU3aumna Ha CoOHMUUMpaHnsa curHan.

naBa 3 onucaa NPOEKTUPAHETO aHaroroB MoaynaTop 3a 3ByKoBa TpaHcgopmauus
Ha enekTpokapauorpadcku CurHanm W wu3cnepdBaHe Ha rnpoueca Ha COHUcUKaumA.
Mogy/TbT 3a 3BYKOBa TpaHcopMaLys ce CbCTOM OT MpeAaBalla 4YacT, Bkoysalla 6ok
3a cHemMaHe Ha eneKkTpokapauorpamarta, YecToTeH mogynartop, ayauo ycunsarten u
BUCoKoroBoputen. PaBotocnocoGHOCTTa Ha Modyna € nposepeHa 4ypes3 obpaboTka Ha
COHUULMPaHUA CUTHaN B NepcoHaneH KOMMITbP, KOWTO 3anucea, Aemodynupa U
BM3yanuanpa TpaHcgepupaHus curHan, upes paspaboter codtyep BbB VisualStudio.

(naBa 4 npeacTaBs NPOEKTUPAHETO Ha LUMPOB nopTaTuBeH nauveHTeH Moayn 3a
oTAarne4yeHo MOHUTOpUpPaHe Ha cbpaevHata [eWHOCT €  MNpuroxeHue  Ha
enekTpokapavorpadcka coHudukaums. OnuTHUAT obpasey Ha mopyna peructpupa Il
nepucepHo EKI oTBexaaHe no AMHAXOBEH, KaTO KOHCTPYKTUBHOTO My odpopmneHne e
pasfeneHo Ha OBe OTAESHWU YacTy, BKIOYBALLUM €NeKTPOAN U eNEKTPOHHN KOMMOHEHTU C
Bb3MOXHOCT 3a 3aKpernsaHeTo WM KbM MPBLCTUTE Ha AscHaTta pbka. MoaynbsT BKMioYBa
WHCTpyMeHTaneH ycunsaTten 3a EKI curHana, neHToB (unTbp, MUKPOKOHTpONEp C
BrpajieH aHanoroso-LudpoB npeobpasysaTten u paspaboTeHus B rnasa 3 ayavo moayn
3a 3BYKOBO BbanpoussexpaHe Ha EKIN curHana. 3a MmukpokoHTponepa e pa3paboTeHo
NporpamMHO OCUrypsiBaHe 3a COHUdMKauus Ha aHanoroeua EKI curHan. B npotoTtuna Ha
COHMMMKATOpPa Ca 3anoXeHU OBa pexuma Ha pabota — ,AMPEKTHO wusnpauiaHe Ha
enekTpokapguorpama‘ u ,MbpBOHavaneH 3anuc W rnocnedsawio wusnpawade Ha
enekTpokapguorpama“. [demogynauusita Ha curHana ce u3BbpliBa OT nepcoHaneH
KOMMIOTBHP, KOWTO 3anucea u obpaboTea ayano curHana, nogasaH Ha BXoAa Ha 3BykoBara
My kapTa. PaspaboTeHa e cneuvanuaupaHa nporpamHa npoueaypa 3a LUudposa
Aemoaynaumst Ha coHnduumpanus EKI curnan.
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MpoBegeHuTe YCreLwHN eKCrnepumMeHT B CNELWHOTO KapAnonorniHo oTaeneHme Ha
MBAIl Tpakus — Crapa 3aropa v KapAuMONOrMyHOTO OTAerneHue Kbm KriuHykata no
nponedeBTMKa Ha BbTpelwHuTe 6Gonectu Ha MepanuuHcku yHuBepcuteT = \Cous
noTBbpPXXAaBaT 4OCTOBEPHOCTTa Ha MaTepuana.

5. Ha!‘IHM u/nnu Hay4YHOMNPUMNOXHU NPUHOCU Ha AUCEPTaLUWOHHUA TPYA.

3asBeHUTE OT [OuCEepTaHTa NPUMHOCU UMaT Hay4dHO-TIPUSIOXKEH Xapaktep U ce
OTHACAT [0 OTAENHWTE eTanu OT coHuduuMpaHeTo u npegasaHeTo Ha EKI curHanu no
CTaHAapTHWS ayaMo KaHan Ha MOGWITHM KOMYHWKaLMOHHW YCTpOicTBa. Te morat fa ce
060co64T B CNEAHOTO:

— peanuavpaHusiT BapvaHT Ha CUCTeMaTUYHO §UTepaTypHo Mpoy4BaHe ¢
pa3paboTeH anroputbM UM MporpamHa npoleaypa 3a aBTOMAaTUYHO NpemaxeaHe Ha
[y6nupaHn cTaTum B NeT oT 3HauMMuTe 6asu AaHHU € HayuHU nybnvkauum, AonpuHaca 3a
aflekBaTHa OLIEHKa Ha TEKyLOTO CbCTOSIHME Ha u3cneaBaHusiTa B HanpaereHuaTa 3a
NPUMNOXMMOCT Ha ayauoTpaHcdopmauusTa npu peructpupaHe, npepasaHe, aHanus u
npeactaBsiHe Ha GMOMeAMLMHCKM CUrHanu, Kakto M 3a K3nossBaHeTo Ha CbBpeMeHHU
cpeacTBa 3a KOMyHMKaLUus B cUcTeMuTe 3a otaaneyeHo MOHUTOpUpaHe Ha nauneHTu;

— NPOBEeAEeHUTE EKCNepMMEHTanHn u3creaBaHus 3a onpegensHe Ha 4YectoTHaTa
feHTa Ha ayavo KaHana Ha GSM anapaTtu, KakTo W NpeanioXeHute U BepuduuMpaHu
KpUTepUM OaBaT Bb3MOXHOCT 3a M300p Ha onTUManHuW napameTpu (Hocella 4ecrtoTa,
[eBMaLms, YyBCTBUTENHOCT M AOp.) NpU KOHBEpPTUpaHe Ha ernekTpokapavorpadcku
curHanu B ayguo cgopmar;

— CMHTe3upaHWTe MporpamHi npouedypu 3a uudposa moaynaums v uUudposa
Aemoaynaumst Ha EKI curHan paBaT Bb3MOXHOCT 3a M3BbplUBaHE Ha npouecute no
ayamo TpaHcopMauus M rocrieasallo BbacTaHoBsiBaHe Ha EKI curHana 6Ges
N3KpUBABaHUS;

— paspaboTeHUTe anropuTMM U MporpaMHU npoueaypu 3a moaynauusa wu
Aemogynaumsa Ha EKI curHan, kouto ca peannsmpaHu B nopTaTMBeH nauueHTeH Moayn 3a
TerleMeTpu4HO  perucTpupaHe W npegasaHe kbM GSM  Ha  coHuduMumpaHa
eneKkTpokapauorpama, ocurypsisat BApHO TpaHcnvMpaHe Ha ayauo curHan o otganedeH
NPUEMHWK;

— NPOBEAEHUTE KOHTPONMPAHM OT CneuuanucT Kapavmonosn KNUHWYHU TecToBe B
BonHMYHa cpeaa NOTBbPXKAABAT NPUMOXUMOCTTa Ha MeToAa ,CoHndukauua Ha EKM™ 3a
LenuTe Ha nauneHTHaTa TeneMeTpusl U KopekTHaTa paboTa Ha pa3paboTeHuTe obpasuy.

3asiBeHuTe OT aBTOpa NPUHOCK BAPHO OTpPassiBaTt NOCTUrHaToOTO B AUCEPTALMOHHUA
TPyA M moraT fa Ce Xapaktepusupar Kato ,ch30asaHe Ha HO8U KOHCMpyKuyuu U
nosny4aeaHe Ha nomebpouMernHu akmu®.

6. OueHKa 3a CTeneHTa Ha JINYHOTO y4acTve Ha AucepTaHTa B NpuHocurte

Cnopen AageHuss MaTepuan M HanpaBeHUTe No Hero nybnukauuu, cuutam 4e
NPUHOCUTE B HACTOAWMSA Tpya Ca NpeaMMHO INWYHO [eNno Ha aucepTtaHTa, noj
PBKOBOACTBOTO Ha HEroBMS pbkoBoauTen npod. ATH ViBo Mnues.

7. MpeueHka Ha Ny6nukaLuuTe No AUcepTaLUUOHHUA TPy

Mo AancepTauMoHHWs TPYA ca HanpaseHu 6 nybnukaumu, oT kouTto 1 B MoanLIHKUK Ha
TY — Codwmsa [3], 2 Ha koHdepeHuusTa Electronics ET'xxxx (Cosonon) [2, 5], 2 Ha
koHdepeHumata ELECTRONICA (Codoms) [1, 4] u 1 — Ha cumnosnym Bioinformatics and
Biomedicine (Byprac) [6]. lNybnukauua [3] e camocToATenHa, a oOcCTaHanuTe ca B
cbaBTOpCTBO. CuuTam, ye HanpaBeHuTe nybnukaumu ca AOCTaTb4HU NO KONMM4ECTBO U
kayecTBo. [UcepTaHTbLT e npefdctasun 3 uuTvMpaHua no nybnukauuuTe. Yetupu oOT
craTumTe ca uHaekcupaHu B Scopus [1, 2, 4, 5], kbaeTo ce oTKpuBaT olle 3 LUMTUpaHus.
CbbpaHute TOUKM OT MWUHUMANHO M3UCKBaHUTE MO nokasaTen [ Touku ca 63, ¢ KoeTo
3HauNUTENHO ce HaaxBbpnAT usmckyemute 30.
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8. U3non3BaHe Ha pe3ynTaTuTe OT AMCEePaTUMOHHUA TPpya

MonyyeHnuTe pesynTaty OT AMCEPTaLMOHHWUA TpyA ca NpsSKo MPUROXUMWASApY
CoHUcMUMpaHe U npefaBaHe Ha HWCKOYECTOTHW CUrHanu Mo CTaHAAaPTHUA ayauo KaHan
Ha MOGWUMHM KOMYHWKaUMOHHU ycTporicTBa. OcobeHo noaxoasiwy ca npu oTAasieqeHo
MOHUTOpMpaHe Ha PUCKOBU NauMeHTH, CbC CbpAeYHOCHA0BM 3abonasaHus. MNpeanoXeHa
e 3aBbplUeHa TexHu4eckn paspaboTka.

PaspaGoTkm Ha  [AucepTaHTa ca  Hamepunu - npunoxene B ABa
Hay4YHOU3CNEeAoBaTericku MpoekTa, uHaHcupaHu oT oHA ,Hay4Hu nacneaBaHusa” —
_BucokoyecToTHa enekTpokapauorpadus npu ambynaTtopHo npocneassaHe Ha nauueHTu
c neicmenkbp® (npoekt Ne OH 17/19, 2017 r.) u “3sykoBa TpaHcdopmauma
(coHndmkauma) Ha enekTpokapauorpama — HOB noAgxoA4 Npu  TenemeTpuqHo
MOHWUTOpPUpaHe Ha chpaedHaTa geliHoct* (mpoekT Ne KM-06-H37/9, 2019 1.).

9. OueHKa Ha CbOTBETCTBUETO Ha aBTopedepara

MpeactaBeHuaT asTopedepar € B obem oT 32 cTpaHuuM CbabpxaHueTo My
CbOTBETCTBA Ha CbAbPXaHWETO Ha AUcepTaunoHHNA Tpya. Ton Cbabpxka KOHLEHTPUpaHo
npefAcTaBsHe Ha OTAENHUTE rMaBu OT aucepTaumaTa. AsTopedepaTbT 3aBbpluBa C
onMcaHue Ha NMPUHOCKTE, CMIMCHK Ha nyBnukauuuTe No TPyAa M aHOTaUUsl Ha aHrmUACKH
eauk. OueHkaTa MW 3a asTopedepaTa e, Ye Toii oTroapsa Ha obuonpuetute
N3UCKBaHWATa U OTpa3siBa BAPHO CbAbPXaHWETO U NPUHOCUTE Ha AncepTauMoHHNUA TPYA.

10. MHeHuMA, NpenopbKku U 6enexkn

Janox csoe oduuManHO MHeHVe 3a BbTpellHaTa 3aluTa Ha aguceprauusita Ha
mar. uHx. MiBaH KbHes. OTuntam, Ye noseyeTo oT 3abenexkute, Kouto 65X OTnpaBun KM
[MCepTaHTa ca B3eTU NpeaBui NpU OKOHYaTenHoTO odopMmsHe Ha Tpyda. Mmam Hskou
3abenexkn oT TEXHUYECKN 1 peaakLuMOHEH XapakTep:

— Ha HSKOW OT UMTUpaHusTa B nUTepaTypHus o63op He e aobaBeH nopeaHus um
HOMep OT nuTepaTypHaTa cnpaBska, KOeTo 3aTpydHsiBa HaMUMpaHeTO Ha nuUTepaTypHUs
N3TOYHUK;

— unTupaHuaTta (Smith Jr et al., 2004) u (Balsam et al., 2018) He ca HamepeHu B
nuTepaTypHaTta cnpaska, a (Marian et al., 2017) n (Rothman et al., 2017) ca uuTMpaHu
MorpeLLHo;

— 33 onucaHuTe cTaTuu B Tabn. 4, cref MbPBUTE TP, HAMA CLOTBETCTBME MeXAy
aBTOpPUTE Ha cTaTUsTa U HEVHUS HOMEp OT NuTepaTypHaTa cnpaBka,

— nybnvkauumaTta [3] no AucepTaunMoHHMA TPYA € npeacTaBeHO HeMmbiliHoO — nuncear
HOMEpa Ha TOM, KHWUra 1 cTpaHuuu. My6nukauusTa He e NpeAcTaBeHa Ha eanka Ha KOWUTo
e nybnvkyeaHa;

Hamam 3abenexkM Mo OTHOLEHME Ha KONMUYECTBOTO W Ka4yecTBOTO Ha
n3BbLPLIEHATa OT AucepTaHTa pabota no Temata Ha auceptauusaTa. MssbpluieHa e
3HauuTenHa paboTa, KosiTo € AoBena Ao yobeautenHu pesynratu.

11. 3aknioyeHue:

Cuutam, Ye obpasoBaTenHaTa U HayvyHaTa 3afadv Ha gucepraumaTa ca UsnbrHeH
Ha BUCOKO HuBO. [lpeaBua akTyanHOCTTa Ha Temarta, HanpaseHuTe paspaboTku,
W3CTNeABaHUsl U aHanuau, NOCTUrHaTUTe pesynTaTi, KaKkTo W HanpaseHuTe nybnvkauum,
pasam MOJNTOXUTEJHA oueHka Ha gucepTauMoOHHUA TPYA U npeanaraMm Ha YneHoBseTe
Ha yBaxaeMoTo HayuyHo Xypu Aa rnacysaT 3a AaBaHeTo Ha obpasoBaTenHarta v HayyHa
cTeneH ,00KTop” Ha Mar. uHX. MBaH Kpacumupo KbHeB no npodecuoHanHo
HanpaBsneHue 5.2. EnekTpoTexHuka, efieKTpoHUKa M aBTOMaTuka, Hay4dHa cneunanHoct
,MeaununHcku ypeau”.

OATA: 10.09.2023 r. ( )
PELIEH3EHT: LW
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REVIEW

of dissertation for awarding educational and scientific degree “Doctor”

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

Title of the dissertation: "Synthesis and research of methods and algorithms for sound
transformation (sonification) of electrocardiographic signals in patient telemetry”
Reviewer: Corr. Mem. of BAS Eng. Georgy Slavchev Mihov, Professor, DSc

1. The actuality of the problem solved in the dissertation in scientific and scientific-
applied terms:

Telemetric monitoring of patients has undergone intensive development in recent years,
especially for "remote" monitoring of patients with cardiovascular diseases. New and
advanced remote connectivity approaches and solutions are being sought and developed.
One such approach is audio communication, supported by almost all modern means of
communication. Therefore, the dissertation work is completely up-to-date, dealing with the
issues of converting ECG signals into sound signals (sonification - "voicing"), their
transmission at a distance through voice communication systems and subsequent reverse
conversion into a normal ECG signal.

2. Level of knowledge of the problem’s state and author creative interpretation of
the bibliography

The literature study (Chapter 1) and the analysis carried out in it show an excellent
knowledge of the subject - a total of 103 articles are cited. | acknowledge the dissertation's
contribution to the developed version of a systematic literature review to assess the
current state of research in the field of audio transformation and remote patient
monitoring.

The author has defined the goal of the dissertation work as "...to develop, investigate and
verify an approach for remote monitoring of at-risk patients with cardiovascular diseases,
using the standard audio channel, in mobile communication devices, for the transmission
of a sonified electrocardiogram...”. To fulfill the goal, 4 tasks are set, which are related to
the following:

— performing experimental studies for recording the acoustic characteristics of mobile
communication devices and choosing the optimal carrier frequency and deviation,
consistent with the parameters of the recorded ECG signal;

— design and hardware implementation of a portable electrocardiographic recording
module for implementation and testing of the ECG sonification methodology;

— verifying the functionality of the recording module by transmitting with a mobile device to
a remote receiver audio converted reference test and simulated ECG signals;

— development of a telemetry system for recording and translation of a sonified
electrocardiogram, testing the system for reliability and conducting controlled clinical trials
to demonstrate the feasibility of audio translation of a sonified electrocardiogram.

Individual tasks are sequentially solved in the chapters of the work in substance. The
educational objectives of the dissertation have been met.

3. Compliance of the chosen research methodology with the goals and tasks of the
dissertation

Methodologically, the dissertation is in the logical sequence of: review of the existing
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situation; offering solutions adequate for the purpose; development of appropriate
methodologies, algorithms and schematic solutions; testing; results analysis. The research
methodology includes the author's development of a hardware-program implementation
for frequency coding and decoding of a sonified ECG signal.

The obtained experimental results are an adequate verification of the proposed solutions:
All this fully corresponds to the goal and tasks of the dissertation work.

4. Brief analytical characterization of the thesis and evaluation of material reliability

The work presented is in a volume of 108 pages. The distribution of the material is as
follows: title page, content and introduction - 6 pages; four chapters pp. 7-80; contributions
to the dissertation, publications related to the dissertation and participation in research
projects 5 pages; used literature pp. 86-96; two appendices pp. 97-103

Chapter 1 is a systematic literature review in which a targeted review of remote patient
monitoring, sonification as a method for recording, analysis and processing of biomedical
signals and the application of mobile devices for transmission and recording of
electrocardiographic signals is made. The literature review concludes with a summary and
conclusions on the basis of which the purpose and tasks of the dissertation are set.

Chapter 2 is devoted to the study of the acoustic characteristics of different classes of
mobile devices. An experimental test bench was set up. The tests were carried out with
five different mobile devices and based on the experimental results the optimal ranges for
the carrier frequency, its deviation and the sampling frequency of the sonified signal were
determined.

Chapter 3 describes the design of an analog modulator for the sound transformation of an
electrocardiographic signal and the study of the sonification process. The sound
transformation module consists of a transmitting part, including an electrocardiogram
recording unit, a frequency modulator, an audio amplifier and a speaker. The functionality
of the module has been verified by processing the sonified signal in a personal computer,
which records, demodulates and visualizes the transferred signal through software
developed in VisualStudio.

Chapter 4 presents the design of a digital portable patient module for remote cardiac
monitoring using electrocardiographic sonification. The trial sample of the module registers
Il peripheral ECG lead according to Eindhoven, and its design is divided into two separate
parts, including electrodes and electronic components with the possibility of attaching
them to the fingers of the right hand. The module includes an instrumental amplifier for the
ECG signal, a band-pass filter, a microcontroller with a built-in analog-to-digital converter
and developed in Chapter 3 the audio module for sound reproduction of the ECG signal.
Software for sonification of the analog ECG signal has been developed for the
microcontroller. The sonifier prototype has two modes of operation - "direct sending of an
electrocardiogram” and "initial recording and subsequent sending of an
electrocardiogram". Demodulation of the signal is performed by a personal computer,
which records the audio signal supplied to the input of its sound card. A specialized
software procedure has been developed for digital demodulation of the sonified ECG
signal.

The successful experiments carried out in the emergency cardiology department of GHAT
Trakiya - Stara Zagora and the cardiology department at the Clinic for Propaedeutic of
Internal Diseases of Medical University - Sofia confirm the reliability of the material.

5. Contributions of the dissertation.

The contributions requested by the dissertation have a scientific-applied nature and refer
to the individual stages of the sonification and transmission of ECG signals over the
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standard audio channel of mobile communication devices. They can be summarized inithe
following:

— the realized version of a systematic literature survey with a developed algorithm and
program procedure for automatic removal of duplicate articles in five of the significant;
databases with scientific publications contributes to an adequate assessment of the
current state of research in the areas of applicability of audio transformation in registration,
transmission, analysis and representation of biomedical signals, as well as the use of
modern means of communication in remote patient monitoring systems;

— the carried out experimental studies to determine the frequency band of the audio
channel of GSM devices, as well as the proposed and verified criteria enable the selection
of optimal parameters (main frequency, deviation, sensitivity, etc.) when converting
electrocardiographic signals into audio format;

— the synthesized program procedures for digital modulation and digital demodulation of
an ECG signal make it possible to carry out the processes of audio transformation and
subsequent restoration of the ECG signal without distortions;

— the developed algorithms and program procedures for modulation and demodulation of
an ECG signal are implemented in a portable patient module for telemetric registration
and transfering to the GSM of a sonified electrocardiogram, ensuring faithful translation of
an audio signal to a remote receiver;

— the clinical tests conducted by specialist cardiologists, in a hospital environment, confirm
the applicability of the "Sonification of ECG" method for the purposes of patient telemetry
and the correct operation of the developed samples.

The author's claimed contributions faithfully reflect what has been achieved in the
dissertation work and can be characterized as "creating new constructions and obtaining
corroborative facts”.

6. Degree assessment of the of the candidate personal participation in the
contributions

According to the material done and the publications made on it, | believe that the
contributions in the present work are mainly the personal work of the author, under the
guidance of his supervisor Prof. DSc Ivo lliev.

7. Assessment of the dissertation publications.

Six papers on the dissertation work were published, one of which was published in the
Proceedings of Technical University of Sofia [3], two - at the Electronics ET'xxx
conference (Sozopol) [2, 5], two - at the conference ELECTRONICA (Sofia) [1, 4] and one
- at the Symposium on Bioinformatics and Biomedicine (Burgas) [6]. The paper [3] is
single-authored and the others are co-authored. | believe that the papers are sufficient in
terms of quantity and quality. The candidate submitted 3 citations to the papers. Four of
the papers are indexed in Scopus, where 3 more citations were found. The points
collected from the Minimum requirements for indicator “I"” are 63, which is significantly
more than the required 30 points.

8. Applicability of the dissertation results in scientific and social practice

The obtained results of the dissertation work are directly applicable in the sonification and
transmission of low-frequency signals on the standard audio channel of mobile
communication devices. They are particularly suitable for remote monitoring of high-risk
patients with cardiovascular diseases. A complete technical development is proposed.

Developments of the candidate have found application in two scientific research projects
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financed by the "Scientific Research" fund - "High-frequency electrocardiography.during
ambulatory monitoring of patients with a pacemaker" (project No. AH 17/19, 2017) and
"Sound transformation (sonification) of electrocardiogram - a new approach in telemetric
monitoring of cardiac activity" (project No. KI-06-H37/9, 2019).

9. Author's essay assessment

The presented author's essay is 32 pages long. Its content corresponds to the content of
the dissertation work. The essay contains a concentrated presentation of the individual
chapters of the dissertation. It ends with a description of the contributions, a list of
publications on the work and an annotation in English. My assessment of the author's
essay is that it meets the generally accepted requirements and accurately reflects the
content and contributions of the dissertation work.

10. Opinions, recommendations and notes

| gave my official opinion on the internal defense of the thesis M.Sc. Eng. lvan Kanev. |
believe that most of the remarks | made to the dissertation were taken into account in the
final design of the paper. | have some comments of a technical and editorial nature:

- some of the citations in the literature overview have not been given their sequential
number from the literature reference, which makes it difficult to find the literary source;

- the citations (Smith Jr et al., 2004) and (Balsam et al., 2018) were not found in the
literature reference, and (Marian et al., 2017) and (Rothman et al., 2017) were cited
incorrectly;

- for the articles described in table. 4, after the first three, there is no correspondence
between the authors of the article and its reference number;

— the paper [3] on the dissertation is presented incompletely — the volume, book and page
numbers are missing. The publication is not presented in the language in which it was
published;

| have no objections regarding the quantity and quality of the dissertation's work.
Considerable work has been done which has led to convincing results.

11. Conclustion:

| believe that the educational and scientific tasks of the dissertation have been fulfilled at a
high level. Given the actuality of the topic, the developments, research and analyses, the
results achieved, as well as the publications made, | give a POSITIVE evaluation of the
dissertation work and propose to the members of the respected Scientific Jury to vote for
the awarding of the educational and scientific degree "doctor" to M.Sc. Eng. Ivan
Krasimirov Kanev in professional field 5.2. Electrical engineering, electronics and
automation, scientific specialty "Medical equipment".

September 10, 2023
REVIEWER: (m)
| Corr. Mem. of BAS Prof. DSc Eng. G. Mihov /




