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PENEH3USA

BBPXY AUCEPTALIMOHEH TPY/ 3a MpuaoOuBaHe Ha 00pa3oBaTeIHA U HAyYHA CTEIIEH
»»JJOKTOD”

ABTOp Ha JMCepPTANMOHHUS TPYA: Mar. uHxX. Mean Kpacumupoe Kvres

Tema Ha qucepraunonnus Tpya: Cunmes u usciedsare Ha Memoou U anr2opummu
3a 38yK06a mpancgopmayus (Conugurayus) Ha erexmporapouoepagCcKy CusHau
npu nayueHmHa meiemempus

Msroreua: npod. a-p Upena Hnuesa Kexosa, UBDPHMU - BAH

1. AKTyaaHOCT Ha pa3paGoTBaHus B JUCEPTANUOHHHUS TPY/ MPodaeM

IIpoOnemute cBBp3aHU C MIPOEKTHPAHE U PEATH3UPAHE Ha CHCTEMH 3a IEPCOHATU3UPAHO
3[paBeola3BaHe ca Ba)KHa 00JIaCT Ha U3CJICABAHUA IIPE3 ITOCIEIHUTE rOAuHN. Pa3BuTHeTo
Ha Ta3H yCJIyra € 3aJl0)Ke€HO B npuoputetute Ha IIporpama ,,Xopusont Espona“ - 2021-
2027 r., xrpcTEp ,,3ApaBeonaspane’, ,, IHCTpyMEHTH, TEXHOJIOTHH H UH(POBU pEIICHHS 3
30paBe M TPWXKH, BKJIIOYUTEIIHO IiepcoHanu3upana MenununHa. IIpencraBeHUST
JMcepTaloHeH TpyAa Ha uHXK. VBan KbHeB € cBBp3aH ¢ IpeoOpa3yBaHETO Ha
enexrpokapauorpamara (EKI') B 3Byk u HEHHOTO IpefaBaHe IIOCPEACTBOM MpPEXKHUTE Ha
MOOHMIIHUTE OIEPAaTOPH, KOETO IPaBH BB3MOXKHO JAMCTAaHIMOHHOTO INPOCIe/sBaHe Ha
IAIWEHTH CbC CBPJAEYHO-CHAOBU IpOOIEeMHU. AKTyaqHOCTTa Ha IIOCTABEHUTE €U U
3aJ1a4d B JUCEPTALMOHHHUA TPYA € U3BBH BCIKAKBO CHbMHEHHUE.

2. CreneH Ha MO3HABaHEe ChCTOSTHMETO HA MPobJieMa

JlucepTaniMOHHUAT TpyA € npeacTaBeH Ha 108 crpaHMIn u ce CBHCTOH OT YBOZ,
JATEPATypeH 0030p, TpH TIJIABH IIOCBETCHH Ha H3CIEABAHE HA aKyCTHYHHUTE
XapaKTEPHCTUKHU Ha Pa3INIHU KIacOBE MOOWIHM anapaTy, MPOSKTHPAHE U U3CJIeIBaHe Ha
aHAJIOroB MOZYJIATOp 3a 3ByKoBa Tpancopmauus Ha EKI curnHamm u mpoexTupaHe Ha
MbpoB manueHTeH Moxyn peammsupami EKIT coHmpukaims ¢ [en JUCTaHIMOHHO
IIpOCIIeAsBaHe Ha KapJAHOJIOTUYHU [TAI[UEHTH.

JIutepaTypHuAT 0030p € OCBIIECTBEH ITOCPEACTBOM Pa3pabOTEeH OT JOKTOpaHTa codryep
3a CHCTEMAaTHYHO JIMTEPATYPHO NPOYYBAHE, KOUTO peanusupa noadop Ha myOauKaIiu OT
n3bpaHu HaydyHH 0a3u JaHHH II0 OKa3aHWH KIIOUOBH JYMH, BPEMEBHM HHTEPBAl Ha
nyOnukyBaHe W e3uk. Crem MOMBIHUTENECH aHAU3 ca CeNeKTHpaHu 16 myOmukaiuu
CBBP3aHM ChC 3BYKOBO MHTepIperHpane Ha EKI™ curHanum u npegasaHe B peailHo BpeMe Ha
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ayauo TpaHchopMupaHu OMOCWTHamM, W 24 CTaTMHM OTHACAINM CE€ 10 NPHUIIOKEHHE Ha
MOOMIIHE YCTPOMCTBA 32 OTAAICYEHO MOHHTOPHPAHE HA MallMeHTH. Te3u myOnuKaIuu ca
pasrilefaHy B JUTEPATYpPHHS 0030p 32€[HO C APYTH, OTHACSIIM CE J0 PETUCTPHPAHE U
ananmu3 Ha EKI curnamu. bubnuorpadcekara crnpaBka obxBama 103 gurepaTypHH
u3rounuka, 70% ot xouro mybmukyBanu npe3 nociaeanute 10 roguHu. JJOKTOPaHTHT €
3all03HAaT C IOCTUTHATHTE PE3yNTaTd B o0nacTTa Ha COHM(HUKanusi Ha OHOCHTHAIM U
HAJIMYHUTE TEXHOJNOTMYHH BB3MOXHOCTH 33 OCBIIECTBABAHE HA JUCTaHIMOHHO
npociensBaHe Ha nanuenTH. Ha Tasu 6a3a agekBaTHO ca GOpMyNIHMPAHU LENUTE U 3a1a9UTeE
Ha IUCEPTAlMOHHUS TPYI.

3. CboTBEeTCTBHE HA nsﬁpaHaTa METOAHKA Ha H3CJeABaHE C IMOCTaABCHATaA WLET H
3ala4Yd HA TUCEPTANMOHHUA TPYA

3a pemaBaHe Ha 3a7a4yuTe ACGUHUPAHU OT IOCTABCHATA IEN HA AMCCPTALUOHHUS TPYQ
XK. KBHEB € IPUIOXKUI CIIEIHUTE METOM:

- AHaiu3 Ha aMIUIUTYZHO-YECTOTHHTE XApPAKTEPUCTUKU Ha PA3NUYHH MOOWIHU
TeneOHHU C IIeJ rapaHTHpaHe Ha BH3MOXKHOCTTA 3a HalaexxaeH TpaHcdep Ha EKT
CUTHaJIH

- AHanoroso cxeMHo pereHue 3a Tpanchopmaryst Ha EKT' B aynuo cursan Ha 6a3aTa
Ha YE€CTOTHA MOJLYJIaLysl

- Ilponenypa 3a uudpona nemoxynauus Ha conupunupan EKT curnan

ITpunoxenute MeToau oOe3MeyaBaT pealH3NpPaHETO Ha IOCTABEHUTE 3aJadd, KOETO CE
IOTBBP2KJaBa oT paspaborenus npororun Ha EKT' conudukarop.

4. Kparka aHaIuTHYHA XapaKTePHCTHKA HAa eCTECTBOTO M OIEHKA HAa
AOCTOBEPHOCTTa HAa MaTepHaja, BbPXy KOHTO ce TrpagsiT IPUHOCHTe HA
AMCePTALNMOHHMSA TPYX

OOGeKT Ha QucepTalHMOHHUS TPYJ € HOB IOJXOX 332 00palboTKa Ha eJIeKTPOKapAHOTpaMu
ocurypssail KoHBepTupane Ha peructpupanus EKI' curaan B 3ByKOB U IIpeIaBaHETO My
Ha PasCTOSIHUE IIOCPEACTBOM MpEeXHTe Ha MOOWIHHMTE omepaTopu. PazpaboTkara nasa
BB3MOXHOCT 33 OTAANECYCHO MOHUTOPHUPAaHE Ha PUCKOBU MAIlMEHTH ChC ChPACUYHOCHAOBU
3a00JIBaHuUs, IPEIOCTABIHKU ITOJXOMAINM TEXHOJOTUYHH DPEIICHHS aJaNTHPaHH KbM
BB3MOXXHOCTUTE Ha BB3PacCTHOTO HAcCeJIeHHE, KOETO € Hal-roysiMaTa LejeBa rpymna IpH
TaKWBa U3cieaBaHus. VI3non3BaHeTo Ha CTaHAapTHHUS ayJH0 KaHaJ B MOOMITHH yCTPOHCTBA
HE CaMoO YJIECHSBa KOMYHUKAIKA, HO U OCUT'ypsBa 3aIIKUTa (KPUITUPAHE) HA JaHHUTE, Thil
KaTO M3I0JI3BAa CTAHIAPTHHUTE KAHAIM 32 TPAHC(Ep OCHTYpeHH OT KOMYHUKAIMOHHHTE
KoMIaHuu. ToBa nmpaBu NpeAcTaBeHaTa pa3paboTka KOHKYPeHTHA Ha MACOBHUTE LH(PPOBU
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uHTEpdEHCH 1 IPOTOKOIM 3a MPEHOC HA JAHHH, KOUTO M3WCKBAT CIIENUATHA MEPKH 32
3aIlKTa Ha MPEIaBaHUTE JaHHH.

Crpyktypata Ha @peACTaBeHHS  JHCEPTAlMOHEH TPYA  CledBa  JIOTHYecKa
IIOCJIEIOBATEHOCT OT aHAJIN3 Ha TEKYIIOTO ChCTOSHHE Ha u3cinenBanus npodiem ([nasa
1), mpe3 omucaHue Ha IPWIOKECHATA METOXOJOIHSA M IOCTHUTHATHATE PE3YNITATH IPH
U3CIIEABAHETO HAa aKyCTUYHUTE XapaKTEPUCTHKH Ha pasiIuuHu MOOWIHY Tenedonu (I'maBa
2), KaKTO U IIpU IPOEKTHPAHETO Ha aHAJIOTrOB MOAYJ 3a coHupukanus Ha EK curHanu u
1 (poB ManueHTeH MOy 33 OTAAICUCHO MOHUTOPUpPAHE Ha ChpAacyHara AciHocT (['maBu
3, 4). IlpencraBenure GIOKOBH U NPUHLUIIHE CXEMH, KOJOBE Ha IIPOTrPaMHH MPOLEAYPH,
KaKTO M €KCIIEPUMEHTAIHH PE3YITATU CBHJCTEJICTBAT 3a JOCTOBEPHOCTTAa HA MaTepHaa,
BBPXY KOWTO C€ TpajsT NIPHHOCUTE Ha AUCEPTALMOHHUS TPY/I.

S. Hayuynu u/nian HayYHONPUJIOKHH NMPHHOCH HA TUCEPTANMOHHUS TPYX

Ilpuemam ¢(opMyaHpaHHTE OT aBTOpa NPHHOCH, KOHTO HMAT HAYYHO-TIPHIOKEH H
IIPUIIOXKEH XapakKTep.

Hay4Ho-npua0XKHAUTE IPUHOCH MOTaT JAa 6’bI[aT OTHCCCHH KBM Ch3aBaHC HAa HOBH MCTOOU
Ha H3CIe€ABAaHC, HOBU TEXHOJOIMH, MOJTyYaBaHE HA MOTBBPAUTCIIHHU (t)aKTI/I, a UMCHO.

- Hay4Ho-npunoxxeH OpUHOC OT THMNA ,,TI0JyYaBaHe Ha MOTBBHPIUTEIHH (PaKTH:
I'apanTripana € BB3MOXKHOCTTA 3@ HaJexXJeH TpaHcdep Ha coHuduimpanu EKT
CHTHAIIK TOCPEJCTBOM aHAJIN3 HAa aMIUIUTYAHO-YECTOTHHTE XapaKTEPHUCTHKH Ha
pas3INnYHU MOOHIHHU Teae(OHH.

- Hayuyno-npuioxeH NpUHOC OT TUNA CH3AABaHE Ha HOBM METOIU Ha U3CIEIBAHE U
HOBH TeXHOJOrMH: Peanusupana u TecTBaHa € aHAJIOroBa cxeMa Ha Ipeobpa3yBaTen
Ha EKT' B aynmo curnan. Pa3paGoreHu ca aqropuTMu W ChOTBETHH HPOrPAMHH
npoueaypyu 3a MOAyJauMs M AeMoldylaunnsa Ha coHupuuupanus EKT curnain,
HEOOXOAMMH IIPH TPAHCIUPAHETO MY J0 OTAAIEYEH IPUEMHHK.

IIpHUII0KHUTE IPHUHOCH Cca CBBP3aHU C:

- BuenpsBane Ha MeTogu M TEXHOJOTHH B paspaboreHus npororun Ha EKI
coHudukarop.

- Paspa6oTBane Ha coTyep 3a CHCTEMAaTHYHO JINTEPATypPHO HNpOydYBaHe paGoTely ¢
Gasu maHHM ¢ Hay4yHH IyOnukaiun. CodTyepsT Moxke na OBJe M3ION3BaH 32
OLIEHKAa Ha TEKYLIOTO ChCTOSHUE Ha U3CIIEABAHUATA I10 JIajleHa TEMA.
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6. OeHka 3a CTENMEHTa HA JIMYHOTO YYaCTHE HA JUCEPTAHTA B IPHHOCUTE

[TocTHrHaTHTE PE3YNITATH Ca MyOJMKYBaHH B 6 CTAaTUU HA MaTbK KoyieKTuB (0T 1 1o 5
aBTopa). Mar. umx. lBan KbHEB € mbpBH aBTOp B 2, BTOPU aBTOP B 1 U nocieaex
(oTroBopeH 3a pa3paboTKara) aBTOP B 3 OT TAX. B exHa oT myO/IMKauuTe JOKTOPAHTEHT €
eIUHCTBEH aBTop. Ha 0asza aHanu3 Ha myOJMKaI[MOHHATa JAeiHOCT Ha MHX. KhHEB
CYHTaM, Y€ CTEIICHTa Ha JITYHOTO MY Y4acTHE B IIPHHOCUTE € BUCOKA.

7. llpeneHka Ha MyOIMKALUUTE MO AMCEPTALUOHHUS TPYA

ITer or nyOnmukamuuTe Ha MOKTOpaHTAa ca B W3JaHWSA, KOUTO ca pedepupaHu Hu
WHICKCHPaHH B CBETOBHOW3BECTHH 0a3M JanHU ¢ HayuyHa wHpopmamus. Exna or
myOIuKaIMuTe € B He pepeprpaHo CIIUCaHUC ¢ HAYYHO PELIEH3UpPaHE.

Toukute oT mMyOGIHKAMOHHA JEHHOCT HA JTOKTOpaHTa ca 77 T., KOETO HaJBHUIIABa Haj 2
bTH M3ucKBaHuATa oT [lpaBunnuka Ha TY — Co¢us 3a npuchkaane Ha 00pa3oBaTeIHa U
Hay4Ha CTEIEH ,,JokTop®. TpsaOBa ga ce orOenexu, 4e ca OTKPUTH 3 UUTHUpaHUsA Ha 3 OT
nyONMKALUNATE, KOUTO HOCAT JOMBIHUTENHU 30 T.

8. Iznosn3BaHe Ha pe3yJITATHTE OT JHCEPTALHOHHUS TPYA B HAYYHATA M COLUAIHATA
npakTuka. Hannyme Ha MOCTHTHAT NPSIK HKOHOMHYECKH e(eKT.

Pa3zpaboTeHuaT BBB BpB3Ka C JHTEpATypHHsA 0030p codTyep 3a CHCTEMATUYHO
JUTEPATYpPHO Npoy4BaHe Ha 06asW MaHHH C HayyHH NyOauKanuu OM MOrbJI Aa ObIe
H3IIOJI3BAH 33 OCHUIECTBIBAHE HA JIMTEPATYPHH NIPOYYBAHUS CBBP3aHHU C IIOATOTOBKATA HA
CTaTHH WIU APYTH AUCEPTAIIHH.

PesynratuTe OT mnpoBeNEHHUTE EKCIIEPUMEHTANHU H3CICABAHMA 3a OIPEACIIHE Ha
YEeCTOTHATA JIEHTA Ha ayAuo KaHana Ha pasmmann GSM amapaTh, KakTo U pa3pabOTeHUTE
IIpOrpaMHH IPOLEAYPH 3a ayAH0 TpaHc(opMaris 1 ocieaBao Be3cTaHoBsBaHe Ha EKT
cursaia ca 7oOpa OCHOBA 3a IUIaHHpaHe Ha OBbAeIy pa3paboTKu CBBP3aHHU C MPUEMAHE U
IpeJaBaHe Ha COHU(HUIUPAHA OMOMEIULIINHCKH CHTHAIIH.

Pa3paboTeHUAT HPOTOTUN HA TIOPTATHBEH MAIMEHTEH MOAYI 3a TEIEMETPUUYHO
peructpupane u npeaasane kbM GSM Ha connduipana enekTpokapauorpama 61 MOrbsi
Jla JI0BeIEe OO0 pealu3upaHe Ha NPSK MKOHOMHYECKH e(eKT, CBbp3aH ¢ HaMasiBaHE Ha
OONHUYHHS NPECTOH Ha KapIUOJIOTMYHHU MAIlHEHTH M CHOTBETHHTE pasxonu. ToBa ce
IOTBBP)KJaBa OT IPOBEACHUTE KIMHUYHH TECTOBE B OOJHUYHA cpela, KOWTO
IOTBBPXK/IaBaT KOPEKTHOCTTA B padoTara Ha pa3paOOTEHUTE NMPOTOTUIIHM yCTPOHUCTBA M
TEXHUs TOTCHIIMAJ 3a LEIUTe Ha TCICMCTPUYHO HAONIOJeHHe Ha KapAUOJOTHIHH
TalUeHTH.
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9. OneHka Ha CbOTBETCTBHETO HAa aBTOpe(epaTa ¢ M3MCKBAHUATA 32 M3rOTBAHETO
MYy, KaKTO M Ha aJeKBaTHOCTTa HAa OTpa3siBaHe HA OCHOBHHUTE IIOJIOKEHHS H
NPUHOCUTE HA IUCEPTANMOHHMS TPY.

AsropedepaTbT € 0GOpPMEH B CHOTBETCTBHE C H3MCKBaHUATA Ha [IpaBHIHHKA 3a
YCIOBHUATA M pela 3a npuaoOuBaHe Ha HaydyHH crernieHd B TY — Codus. Toit ceabpxka
OCHOBHaTa MHGOpPMAaLKATA OTPa3eHa B JUCEPTAIHOHHUS TPYA H MPEACTaBs TOYHO U SCHO
pe3yITaTUTE OT JHUTEpaTypHHs 0030p, IOCTABCHUTE LENH W 3ala4d, IPHIOKEHATa
METOJOJIOTHA, IIOCTUIHATUTE PE3yATaTH M IPUHOCUTE HA JOUCEPTAllMOHHHA TpPYI.
IIpencTaBeH € M CIMCHK Ha MyOIMKALMKUTE IO TCMATa Ha AUCCPTALUATA, KAKTO U aOCTPaKT
Ha aHTJIMHCKHU €3HK.

10. MHenus, NpenopbKU U Ges1e:KKH

- Ha mecra B mutepaTypHus 0630p ZOKTOPAHTHT € HPOITYCHAN A4 IIUTHPA U3TOYHHUIIA
— Hamp. B u3pedeHuero ,Penuua npoydBaHHsA, Npe3 IOCIEOHUTE TOIUHH,
pasriexzaar BHeapsBaHeTO HA HOBU MKT TexHonOrmu B IOMOIIHM CHCTEMHM 3a
BB3PACTHM XOpPa M XOpa C YBPEXKAaHHS ...* HAMA UUTHPAHH [IPOYIBAHHS.

- TlompoOHOTO onucaHue Ha pa3paboTeHHs cOPTyep 3a CHCTEMATHYHO JIUTEPATYPHO
npoyuysane B o6em Ha 10 cTpanunu, nmoMecTeHo B riaea ,Jlureparypen o03op“,
HaKbCBa M3JI0KEHHETO.

- He e cmaseH eauH cTHI Ha LIUTUpaHE HA JTUTEPATYPHUTE U3TOYHHIM — CPEIIAT CE
LUTUPAHKA KAKTO 10 M€ Ha IIBPBH aBTOD M TOJMHA (B HAYAIOTO HA JIUTEPATYPHHS
00630p), Taka U MUTHPAHE B ,,[|* (BB BTOPATA YaCT HA JINTEPATYPHHUS 0030p).

- Ha ®ur. 17, 18, 19 nuncear croiinoctu mo x/y ckammre. He ca o0scHeHn
IIOKa3aHHUTE CTOMHOCTH Ha YECTOTH U aMILIMTYJH B TOPHATA YaCT Ha (HUTYypHUTE.

- I'maBa 4.4. — 3amo ca HeoOXOOMMH ONHCAaHHTE ABAa PEXHMa Ha paboTa Ha
ycrpoiictBoTo (aupextHo m3npamane wa EKT u 3anuc ma EKIT ¢ mocieasamo
usnpamane Ha curHana)? KaxsBu npeammcrBa IaBaT Te3d 2 pexuMa Ha
paspabotkara?

- Hab6mopasat ce pasmuxu BBB (opmure na EKI curnanure, peructpupanu ¢ Nikon
Kohden u paspaborenus mporotum ((pur. 41 cpaBuena ¢ ¢ur. 42 u dur. 43
CpaBHeHa ¢ ¢ur. 44), DpUUMHITE 32 KOUTO HE Ca AUCKYTHPaHHM B JUCEPTALMATA.
buxa nu ce oTpaswiu mogodH pasiKit BbPXY JAMCTAHIMOHHOTO IOCTaBsHE HA
KOpEKTHa Auaruosa?
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11. 3aka0oyeHne ¢ SICHA TMOJIOKHUTETHA WJIM OTPHIATENHA OLEHKA -~ Ha
AUCEPTALMOHHUSA TPYA

JIOKTOpaHTBT € HAallPaBHJI 33 IbJI00YEHO U3CIIE/IBAHE HA TOCTABEHHS IPOOIIEM, IIPEATIONKHI
€ U € OCBILECTBIJI Ha MPAKTHKa KOHKPETHA peajn3alys Ha CHCTeMa 3a COHU(HLUpaHe Ha
EKT curHamy ¥ TpaHCIMpaHETO MM A0 OTAAJeHYeH INPUEMHHUK. Bbrpexu HampaBeHUTE
3a0eIeKKH W BB3HUKHAIUTE BBIOPOCH CUHTAM, He AUCEPTALMOHHUAT TPYX OTTOoBaps Ha
W3UCKBaHMATA Ha 3aKOHA 3a Pa3BUTHE HA aKaJeMHUYHHUA chcTaB B Penmybimuka brirapus u
IIpaBunHMKa 32 HErOBOTO Ipuiiarase. Bcuuko ToBa MU JJaBa OCHOBAHHKE 32 MOJIOKMTEIHA
OLICHKA Ha JHCeTPALMOHHHS TPY/, Bb3 OCHOBA Ha KOATO IpeaiaraM Ha Hay4HOTO XKYpH
JAa MPUCHAU 00pPa30BATEJHATA M HAayyHa CTelleH «IOKTOp» Ha Mmar. HHk. MBaH
Kpacumupor KbHes.

Hara: 10.09.2023 r. PEITEHZEELTS oomistsssmmvnessvsrosios
/mpod. Y. XKexona/
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REVIEW

of a PhD thesis for the acquisition of PhD educational and scientific degree
Author of the PhD thesis: M.Sc. Eng. Ivan Krasimirov Kanev

Topic of the PhD thesis: Synthesis and investigation of methods and algorithms for
transformation of electrocardiographic signals into sound (sonmification) for the
purposes of patient telemetry

Prepared by: Prof. Irena Jekova, PhD, IBPhBME - BAS

1. Relevance of the problem addressed in the PhD thesis

The problems related to the design and implementation of systems for personalized health
care have been an important area of research in recent years. The development of this
service is included in the priorities of the Horizon Europe Program - 2021-2027, cluster
"Health", "Tools, technologies and digital solutions for health and care, including
personalized medicine". The presented PhD thesis of Eng. Ivan Kanev is related to the
conversion of the electrocardiogram (ECG) into sound and its transmission through the
networks of mobile services providers, which makes remote monitoring of patients with
cardiovascular problems possible. The relevance of the goals and tasks set in the PhD thesis
is beyond any doubt.

2. Degree of knowledge of the state of the problem

The PhD thesis is presented on 108 pages and consists of an introduction, a literature
review, three chapters dedicated to the study of the acoustic characteristics of different
classes of mobile devices, the design and study of an analog modulator for sound
transformation of ECG signals and the design of a digital patient module implementing
ECG sonification for remote monitoring of cardiac patients.

The literature review was carried out by means of a systematic literature research software
developed by the PhD student, which implements a selection of publications from selected
scientific databases according to provided keywords, time interval of publication and
language. After additional analysis, 16 publications related to sound interpretation of ECG
signals and real-time transmission of audio transformed biosignals, and 24 articles related
to the application of mobile devices for remote patient monitoring were selected. These
publications are considered in the literature review along with others related to recording
and analysis of ECG signals. The references cover 103 scientific papers, 70% of which



published in the last 10 years. The PhD student is familiar with the results achieved in the
field of biosignals sonification and the available technologies for remote monitoring of
patients. On this basis, the aims set in the PhD thesis and the related tasks are adequately
formulated.

3. Correspondence of the chosen research methodology with the goals and tasks set
in the PhD thesis

In order to solve the tasks defined by the goals set in the PhD thesis, Eng. Kanev applied
the following methods:

- Analysis of the amplitude-frequency characteristics of different mobile phones in
order to ensure the possibility for reliable transfer of the ECG signals

- Design of an analog circuit for transformation of ECG into audio signal based on
frequency modulation

- Procedure for digital demodulation of a sonified ECG signal

The applied methods lead to successful implementation of the set tasks, which is confirmed
by the developed prototype of the ECG sonifier.

4. Brief analytical description of the PhD thesis and assessment of the reliability of
the material on which the contributions of the PhD thesis are based

The subject of the PhD thesis is a new approach for processing of electrocardiograms that
ensures the conversion of the registered ECG signal into sound and its remote transmission _
through the networks of mobile services providers. The development enables remote
monitoring of patients at risk with cardiovascular diseases by providing appropriate
technological solutions adapted to the capabilities of the elderly population, which is the
largest target group for such research. The use of the standard audio channel in mobile
devices not only facilitates the communication, but also supports the protection
(encryption) of the data, as it uses the standard transfer channels provided by the
communication companies. This makes the presented development competitive with the
widespread digital interfaces and data transfer protocols that require special measures to
protect the transmitted data.

The structure of the presented PhD thesis follows a logical sequence starting with an
analysis of the current state of the problem under investigation (Chapter 1), which is
followed by a description of the applied methodology and the results achieved in the study
dedicated to the acoustic characteristics of different mobile phones (Chapter 2), as well as
the design of an analog module for sonification of ECG signals and a digital patient module
for remote cardiac monitoring (Chapters 3, 4). The presented block diagrams and circuits,



codes of program procedures, as well as experimental results prove the reliability of the
material on which the contributions of the PhD thesis are based.

5. Scientific and/or applied scientific contributions of the PhD thesis
I accept the contributions formulated by the author, which can be classified as scientific-
applied and applications by their nature.

The scientific-applied contributions can be classified to the creation of new research
methods, new technologies, obtaining confirmatory facts, namely:

- The scientific-applied contribution of the type "obtaining confirmatory facts": The
possibility of reliable transfer of sonified ECG signals is guaranteed by means of
analysis of the amplitude-frequency characteristics of different mobile phones.

- The scientific-applied contribution of the type “creation of new research methods and
new technologies”: An analog circuit of an ECG to audio signal converter was
implemented and tested. Algorithms and corresponding program procedures for
modulation and demodulation of the sonified ECG signal, necessary for its translation
to a remote receiver, have been developed.

The application contributions are related to:

- Implementation of methods and technologies in the developed prototype of the ECG
sonifier.

- Development of a software for systematic literature research over databases
containing scientific publications. The software can be used to assess the current state
of research on a given topic.

6. Assessment of the degree of personal involvement of the PhD student in the
contributions

The achieved results were published in 6 articles written by a small team (from 1 to 5
authors). Eng. Ivan Kaneyv is first author in 2, second author in 1 and last (responsible for
the development) author in 3 of them. In one of the publications, the PhD student is the
sole author. Based on the analysis of the publication activity of Eng. Kanev's, I believe
that the degree of his personal involvement in the contributions is high.

7. Assessment of the publication activity related with the PhD thesis

Five of the PhD student's publications are in journals that are referenced and indexed in
internationally recognized databases with scientific information. One of the publications is
in a non-refereed peer-reviewed journal.



The points from the publication activity of the PhD student are 77, which exceeds by more
than 2 times the requirements of the Rules of TU - Sofia for awarding PhD educational and
scientific degree. It should be noted that 3 citations were found on 3 of the publications,
which brings an additional 30 pts.

8. Using the results of the PhD thesis in scientific and social practice. Existence of
achieved direct economic effect

The software developed for a systematic search of databases with scientific publications
could be used to carry out the literature reviews related to the preparation of articles or
other PhD theses.

The results of the conducted experimental studies to determine the frequency band of the
audio channel of various GSM devices, as well as the developed program procedures for
audio transformation and subsequent recovery of the ECG signal are a good basis for
planning future developments related to the reception and transmission of sonified
biomedical signals.

The developed prototype of a portable patient module for telemetric registration and
transmission of a sonified electrocardiogram to a GSM device could lead to the realization
of a direct economic effect related to the decrease of the hospital stay of cardiology patients
and reduction of the corresponding costs. This is confirmed by clinical tests carried out in
a hospital environment, which verified the correctness in the work of the developed
prototype devices and their potential for the purposes of telemetric monitoring of cardiac
patients.

9. Assessment of the compliance of the abstract with the requirements for its
preparation, as well as its adequacy for representation of the main points and
contributions of the PhD thesis.

The abstract is written in accordance with the requirements set in the Rules for acquiring
scientific degrees at TU - Sofia. It contains the main information presented in the PhD
thesis and accurately and clearly reports the results of the literature review, the set goals
and objectives, the applied methodology, the achieved results and the contributions of the
PhD thesis. A list of publications on the topic of the PhD thesis is also presented, as well
as a short abstract in English.

10. Estimation, recommendations and notes

- There are places in the literature review where the PhD student has omitted to cite
references - e.g. in the sentence "A number of studies, in recent years, have looked at



the implementation of new ICT technologies in assistive systems for the elderly and
people with disabilities ..." no studies are cited.

- The detailed description of the developed software for systematic literature review
(about 10 pages), which is placed in chapter "Literature review", is interrupting the
presentation.

- The author has not followed one and the same style in referring the literary sources —
i.e. citations are found both by name of the first author and year (at the beginning of
the literature review) and citations in "[]" (in the second part of the literature review).

- InFig. 17, 18, 19 there are missing values on the x/y scales. The values of frequencies
and amplitudes shown at the top of the figures are not explained.

- Chapter 4.4. — Why are the described two modes of device operation (direct sending
of ECG and recording of ECG with subsequent sending of the signal) necessary? What
advantages do they provide?

- There are differences in the shapes of the ECG signals recorded with the Nikon
Kohden and the developed prototype (Fig. 41 compared to Fig. 42 and Fig. 43
compared to Fig. 44), the reasons for which are not discussed in the thesis. Would
such differences affect the remote diagnosis?

11. Conclusion with a clear positive or negative evaluation of the PhD thesis

The PhD student has made a thorough study of the problem, he has proposed and
implemented in practice a particular realization of a system for sonification of ECG signals
and their transmission to a remote receiver. Despite the remarks made and the questions
that have arisen, I believe that the PhD thesis meets the requirements of the Law on the
Development of the Academic Staff in the Republic of Bulgaria and the Regulations for its
implementation. All this gives me reasons for a positive evaluation of the PhD thesis.
Based on this, I propose to the scientific jury to award a PhD educational and scientific
degree to Eng. Ivan Krasimirov Kanev.

Date: 10.09.2023 r. Reviewer: ......0..0..0 0 ccoveiiin
/Prof. 1. Jekova/
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