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Peyenzenm: Tlpod. xru Cedepun Togopos Mupues,
Texnuueckn ynusepcurer - Codus

[IpencraBernsT mu 3a penensupane QucepTaMoHeH TPya e B obem 114 CTPaHUIIHA
U ChIbPKA YBOJ, 4 I1aBy, 3aK/I04eHHe, CIUChIM ¢ 15 Tabnuum, 34 durypu, usnonssatu
cbkpaienus v 114 uurnpann nureparypnn ustounnum. Ilpeacrasen e u asropedepar,
OTpassBalll ChbABPKAHUETO HA JIMCEPTALMATA H TOCTHTHATHTE PE3YJITATH.

1. Axkmyannocm na paspabomeanus ¢ Oucepmayuonnus mpyo npoonem @
HAy4uHo u nayuno npunoxcno omuowenue. Cmenen u mauiad na axkmyainocmma na
npobema u KOHKpemuume 3a0auu, papadomenu ¢ Oucepmayuama.

Temara Ha HacTosimara jucepTalys € CBbp3aHa ChC CHBPEMEHHHTE CHCTEMH 3a
cbOupane, npenasane, 00pabOTKa, aHauN3 M NPEJOCTABAHE Ha nHpopMaumsi  Or
OMOMEAMUMHCKH ¥ OHOMETPHYHM CEH30PH M TIPHIOKECHMETO HA TAKaBa CHCTEMa 3a
CBOCBPEMEHHO 1NOJIy4aBaHe HA MEAMUMHCKA MHOOPMALHs 3a 3IPaBOCIOBHOTO CHCTOSHHUE
Ha MOPCKH JIu1a.

MOHNTOPHHIBT Ha 37PaBETO M CBBP3AHUTE ¢ HETO TEXHOJNOIHMH Ca NPUBIEKATEIHA
uscnenosareicka obiact. Enexrpokapamorpamara (EKT) Bunary e 6una nonyisipaa cxema
3a ONCHKA M JIMarHOCTHKA HA ChPJAEYHO-CHAOBU 3adomnsiBanus. BposT Ha cucteMuTte 3a
EKI" monuTopunr B smreparypara ce pasummpsBa ekcrnionenumanHo. Te crapar
MHTCJIMICHTHA  CHCTEMH 332  HAO/IOJCHME, KOWMTO W3IIOJI3BAT HOBH  TEXHOJIOTHH,
BKJTIOUHMTEIHO 3a1bJ1004EHO 00yueHHe, M3KYCTBEH MHTENICKT, TONeMH AaHHH H HHTEPHET
Ha HEIATa, 33 1a OCHTYPSAT e(PEKTHBHHU M HAIILIIHO CBLP3aHN CHCTEMH 3a HabTIOICHHC.

AKTyalmHOCTTa Ha paspaboTBaHHs B  JIUCEPTALHOHHMUS Tpya npodiieM H
TNEPCICKTHBHOCTTA Ha M3C/IC/IBAHMATA CC 00YCIaBAT OT CICIHITE (HaKTOPH:

e CIOKHOCTTa M TPYAHOCTHTE NPH M3rPAKAAHETO HA CHCTEMA 3a MOCTOSHHO
Ha0molenye Ha OHOMEIHUHHCKHTE 1apAMETPH HA YOBEIIKOTO TSI, 0COOEHO B
00aCTH Ha MHJYCTPHSATA, KBJETO AOCTBIA 0 MEAHLMHCKA TOMOII Ca CHJIHO
OrpaHUYCHH,

® [Ipmiokennero Ha CHBPEMCHHH TEXHONOIMUYHM DPELICHUS KATO MHTCPHET Ha
HEIaTa M M3KYCTBCH HHTENEKT B MEAMIIMHATA M HEOOXOAMMOCTTA OT
peBapuTeiHa 00paboTka Ha MEAMIHHCKUTE 1aHHMN;



e Cnenuduynure ycnoBus Ha paboTa Ha MOPCKMTC [HIA M JIMrcaTa Ha
MHTEIPUPAHU PEIICHUs 3a NPOAbIKABaINad MEJHIMHCKA JHATHOCTHKA C 1€
MIPEBEHIMS.

AKTyaHOCTTa Ha JUCEPTAIMOHHMS TPY/a ce 00yCIaBs u OT daxra, ye pesyararure

Ca MPWIOKHMM 32 CBOCBPEMCHHO TM0Jy4aBaHe Ha MeIMLMHCKA HH(OpManus 3a
3PaBOCIOBHOTO CHCTOAHME HA MOPCKH JIMLA U €A CBbP3aHH C W3cieaABaHnsTa Ha LlenTspa
32 KOMIETCHTHOCT ,,KBAaHTOBA KOMYHMKAIMA, MHTEIMICHTHH CHCTEMH 3a CUI'YPHOCT H
YIPaBJIEHUE HA PHUCKa™,

2. Cmenen na nosnasame Cvcmoanuemo na npobnema u meopuecka
UHMEPRPEMAUUA HA TUMEPAMYPHUA MaAmMepual.

JIOKTOpPaHTBT ce € 3amo3Hanm M ¢ LMTUPAn TOYHO roisM Opoil JuTeparyphu
M3TOYHUIM B oOmacTra Ha oOpaboTKara M aHaiW3a Ha JAHHM OT OMOMETPHYHH W
OnomennumECcKkn censopn. Ha ocroBara Ha mpeicTaBenns juTeparypen 0630p KOPEKTHO
Ca HallpaBEHH IIECT H3BOJA.

[Ipu paspaborBane mna Temata Ha CBOATA IHCEPTAllHs, ABTOPBT JEMOHCTPHpA
KOMIIETEHTHOCT B 0OnacTTa Ha HuUQpoBaTa W cTaTucTHYECKata oOpaboTka M aHanmsa Ha
CHTHAJIUTE, YHUCICHUTE METO/AH, MATeMaTHYECKOTO MOIEIUPAHE H EKCHEPUMEHTAIHHUTE
M3CJIC/IBAHMS, TPOBEK/IAHW CbhC CHBPEMCHHM TEXHMYECKM CPEACTBA M [POrPAMHO
OCHUTypsBaHE, KOUTO JIOKTOPAHTBLT OYEBH/IHO IIPUTEIKABA.

Bentko ToBa nokasea, ue IOKTOPAHTBT € 3a1l03HAT ChC ChCTOSHUETO Ha MPodiiema.

3. Coomeemcmeue na uzbpanama memoouxa mna uzciedsane ¢ nocmasenama
Hel U 3a0auu Ha OUCEPMAUUOHNUA MPYO.

Leara Ha aucepralMOHHMS TPyA € Ja Ce M3CACABAT BB3MOKHOCTHTE 32
aBTOMATH3HPAaHE Ha AIrOpUTMHUTE 3a o0paboTka Ha MemuuMHCKa wuHOpPMAnHUs 3a
3/IPABOCIOBHOTO ChCTOAHME HA MOPCKH JiMlA. 3a [10CTUraHe HA Ta3u Lel ca JAe@UHUPAHH
MET 3a/1a4M, KOMTO Ca AJICKBATHHU HA LIeJITa M Ca PelIeHH B HeOOXOquMMs 00eM Ha BUCOKO
Hay4YHO HHUBO.

JIOKTOpauThT € chbueran B cBosTa paboTa CLBPEMEHHH METOAH H IPOIrPAMHH
uHcTpymenTH. Ilonyuenure pesynaraTn ca ajekBaTHH U 0TpasaBar 00CKTa HAa MPOBEICHOTO
uscnenpane.  M3bpanuar moaxox ChOTBETCTBA Ha M3CIICABAHATA NpPOOIEMaTHKA.
[TocraBenuTe 1eMM Ca U3ITBJIHEHH,

JIOKTOpanThT nokasBa KOMIETEHTHOCT He camo B cdepara Ha obpaborkara Ha
CATHAJM, HO ¥ B J00pOTO [O3HABAHE M yMEHHs 3a M3I0J3BaHE HA ChBPEMEHEH
MHCTPYMCHTAPUYM 3a Hay4HOM3CJIeoBaTescka padbora, karo Matlab, HeBponuu mMpexu u

ap.

4. Kpamka ananumuuna xapaxmepucmuxa na ecmecmeomo u oyenka na
docmoseprocmma  na mamepuaia, 6wvpxy Koimo ce paoam npunocume Ha
oucepmayuonHus mpyo.

B mbpBa tiasa |, Tekywo cocmosinue na npeomema na oucepmayuonnus mpyo" ce
M3BbpIIBA aHanM3 Ha npobiema, CBbP3aH C M3C/HEABAHE HA BB3MOKHOCTHUTE 32
dBTOMaTH3MpaHe Ha anropurmMute 3a o0paboTka Ha MEAHIMHCKa MH(OpMAIMs 3a
3/PaBOCJIOBHOTO CBCTOSHME HA MOPCKM JIMLEA. B Hes ca nokasanu OCHOBHMTE NPUUYMHM 32
3abo/ABaHE HAa WICHOBETE HA CKUIIAKHTE Ha KOpabuTe, I[OCOYEHA € BHCOKaTa
HHPOPMUPAHOCT OT  eNEeKTPOKApAHOrpaMara IPH  CbPACYHO CBAOBH 3aboisBaHMs,
CPaBHCHH Ca MCTOJOIIOIMHUTE NMPH PBYHO M ABTOMATHYHO HamnpaseH aHanus Ha P-QRS-T
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komruiekca Ha EKT' curnana n ca onucann meroaure 3a npeacrassne na EKI curnana or
TEOpHUsTA HA CHI'HAIMTE - NpeoOpasyBaHe Ha Dypue, KPATKOBPEMEHHO NpeodpasyBsaHe Ha
Dypue, yeiiBner npeobpasysane.

B kpas Ha mnepBa mmaBa ca HANpaBeHH ca IIECT M3BOJA, KOWTO [OKA3BaT
aKTyaJTHOCTTA Ha JTUCEPTALIMOHHUSA TPY/, M ca JeUHUPAHH TIET OCHOBHM 3a/1a4H.

BB Bropa rnasa ,,Mooer na apxumexmypa u arcopumuvm na cucmema 3a dobusane,
npeoasame, AHAIU3 U CLXPAHEHUe HA OaHHUMe Om OUOMEOUYUHCKU U GUOMEmpPUIHU
cen30pu’” € NPEJCTABEH MOJIe] Ha CucTemara 3a Jo0OuBane, 00pabOTKa M ChbXpaHEHHE Ha
MHpOPMALKA OT pa3/IMyHU CEH30PH, CHELMAIHO HPOEKTHpaH 3a Kopabuu riardopma.
Paspaboren e mporoTHn Ha OCHOBEH eJeMeHT OT cuctema — CTalMOHApHA CTaHLS.
[Ipennoken € noaxoasnl anropurbM Ha pabora Ha NPOTOTHINIA M € HanpabeH u3Gop Ha
XapayepHa marpopmu 3a peanusanus. HanpaBeHo ¢ cpaBHeHHE Mesk/1y CTalHOHApHATA
CTaHIMA OT TNPEUIOKEHHS MOJEN W MOOHMJIHMS CEH30peH KOMIUIeKT OT saboparopus B
Llentbpa 3a xomnerentHocT ,KBAHTOBA KOMYHMKALMs WHTCIUIEHTHH CHCTEMH 32
CUTYPHOCT M yrpasienue Ha pucka“. Ilpemaiokena e Meroauka 3a olleHKa HA CHCTEMH,
npUTeKaBamy MoaodHa (QYHKUHOHATHOCT. METoAMKaTa MO3BOISBA CHCTEMATHYCH WM
00EKTHBEH TOAXO0/1 32 OLCHKA HA H3HCKBAHHATA KbM CHCTEMATa, KATO Ce B3EMAT NpeIBHL
creuM(UUHNTE yCI0BHUs HAa KopabuTe U riaBaiure miaropMu.

B Tpera mnasa ,,Obpabomra u aémomamuuen amaius wa napamempume Ha
msAnomo” ca ONHMCaHH EKCIePUMEHTAIHATa MOCTAHOBKA, METOAWTE 3a (DUATpauus u
BXOJIHUTE [aHHH, H3M0J3BaHu 3a anaymsa. [IpeacraBeno e Matlab mogenupane na
(unrpure n orcTpansiBane Ha urym upes yeiBier ananu3s. llenta Ha excniepMMeHTa € Ja
JAOKaXKe BBL3MOKHOCTTA JIa CE TpHIAra M3J10)KeHaTa METOAOJIOrHs 3a TpeiABapuTesHa
obpaborka m oOpaGorka wa EKI curhana, karo ce NpOTHBONOCTABST JIBA OCHOBHH
MOAXO/a: CelEeKTHpaHe Ha onTuMmaiHa oOpaborka M o0eIMHSIBAHE HA HM3TOYHHMLM 32
MOBHIIABAHE HA HHPOPMUPAHOCTTA IPH M3BIMuYaHe Ha P-QRS-T komruiekca.

B uerBbpra rmasa ,,Bepugpuyupane na pabomocnocobnocmma na cucmemama upes
eMnuputnu dannu’” ca NpeJICTaBeHN eKCIIEPUMEHTATHNTE PE3y/ITaTH.

Ilpu noaxozna 3a cenexTupane Ha onTHMaiHa 00paboOTKA € TIPEJCTABEH MOJIEN 3a
KIaCHUUHUPAHE Ha MPUCHCTBHETO HA 1IYyM OT pasiauuHa Mopoiorus —upes
KOHBOJIIOIMOHHA HeBpoHHA Mmpexa. Cien ycnemnoro kinacu(uuupane € HeoOXOIMMO
ONpPEJCIICHUS CHUI'HAIl Jla NpeMuHe npe3 ONOK 3a KOMyTauMs M Ja ce I0Jaje Ha
nojxoasuara GpuiaTpupaiia TexHonorus. Korato cursansT € pasnosHar ¢ OCHOBEH BH[
LIym OT ABMXKCHHC Ha OasoBaTa JIMHUS, CE MOJaBa Ha JAMCKPETHO YeHBICT npeodpasyBaHe
¢ unTpupaim croiicta. Koraro e pasnosHar kato curHas ¢ uryM ot BIOMICH KOHTAKT Ha
CNIEKTPOJA, ce mojasa Ha GpuaThp Ha YeOUIEB OT BTOPH BMJI M KOraTo € pasio3HaTr KaTto
CHUIHaJI C IIyM OT paboTara Ha CKEJIeTHHTE MyCKY/IH, C€ 110/laBa Ha MOPENIA OT HHUCKO U
BHCOKO 4€CTOTHH (PUITPH.

Ilpencrasenn ca pesynrati u npu noaxoxa 3a odepuusBane Ha uH(oOpMaLMsTA 32
ABTOMATHYHO OTKpHuBaHe Ha P-QRS-T komiuiekca or nBa kawama, obpasysanu cien
urrpamsTa — upes GpunThp Ha YeOHEs 0T 2 BHIL U UPE3 IPUIOKCHH HUCKOYECTOTEH 1
BUCOKO dectoTeH (unthbp. Hampaseno e noapoGHo cpaBHeHHe Ha pe3ynTaTute OT aBaTta
MOAXO0/a.

B sakmiouenuemo ca npeacrasenu 06001eHn 3BOAK OT HAYYHO-H3CIICA0BATENCKA
M eKCIIepuMEeHTajdHa pabora no AMCEPTALMOHHMAT TPYA M €A [OCOYCHH 3
HAYYHO-TIPHIIOKHHU H 3 IPHIIOKHH TTPHHOCH.



M3ciiensanusara B AMCEPTALMOHHHMSA TPY Ca OIMMCAHH KOPEKTHO W MOJYYEHHTE
pe3ylTaTH ca aHaIM3UpaHH 3a/1bJ004eH0. JucepraMOHHUAT TPY/L € A00pe CTPYKTYPUpAaH.
KM BesiKa 11aBa e HalpaBeHo 3aK/IUeHHE.

5. Hayunu u nayuno-npuiodcuu Rpunocu Ha OuUCEpManuoHnus mpyo.
3nauumocm na npunocume 3a HAYKama u NPAKMuKama.

[Ipuemam npejicraBeHnTe B IMCEPTALMOHHNS TPY/L HAYUHO-TIPUIIOKHHU U IIPUIIOKHU
NPUHOCH, @ UMECHO:

Hayuno-npunosicnu npunocu.

* [Ipemioxen e Mozenn Ha apxXUTEKTYpaTa M ajiropuTbM Ha pabora Ha cucTema 3a
nobuBaHe, NpejlaBaHe U ChXpaHeHHe HA MHPOPMALHs 0T OHOMEIHIIMHCKH H GHOMETPHYHH
CEH30pH;

* Hspaborena e meToamka 3a OlEHKAa Ha CHCTEMH 3a J00MBaHe, INpejaBaHe,
ChXpaHeHHe Ha uHdopMarma oT OMOMEeTHIMHCKN 1 OHOMETPHYHH CEH30pH, Chobpa3ena ¢
crenuduKaTa Ha IPUIIOKEHNE TTPH KopaOHHUTE rarGopmu;

* [IpenocraBeHa e OLEHKA HA KOHKYPEHTEH NPHHIMIT HA NPEATOKEHUTE MOIXOIHN
npu 00paboTKara Ha CHTrHAJA: WHTEIMIEHTHO CEJeKTHPaHe Ha OrTHMajiHa oO0paboTka
00eMHABAHE HA JAHHH OT MHOKECTBO KaHAJIM C Pas/IMYHK TUIOBE (UITpALs.

Hpu_m.)«'mr npuHocu:

* AHalM3MpaHu Ca PHUCKOBETE OT ChPACYHO-CHAOBU 3aboisBane npu pabdora Ha
MOPCKUTE JIMI[a W MHTETPHpPAHUTE pEIIeHHs 3a AaBTOMATHYHO M3BJIMYaHE Ha
unpopmauusta or EKD' curnana ¢ ueil npoib/ikaBalla MEAMUMHCKA JAMArHOCTHKA W
NpeBeH U

* Co3aziled € NpOTOTHII HA CTAllMOHApHA CTaHIMs OT ChCTaBa OT cHCTeMara 3a
100HMBaHeE, NpeaBaHe H ChXpaHeHne Ha HHPOPMaLHs 0T GHOMEIMINMHCKH H GHOMETPHYHH
CEH30pH;

* Ch31a/1CHO € NIPOrpaMHO OCUTYpsIBaHe 3a u3paborsaneTo Ha 6asa ¢ nannu ot EKT
CHTHAJIA € JI00aBEHH IITYMOBE OT pasiinuHa MOP(OIOTHs IPH KOHTPOIUPAHH YCIOBHS,

Hayuno-npuioskHuTe NPUHOCH CE€ CBEXKAAT /10 [PEUIOKEHMS, WM3CIIEIABAHUS |
aHaJIM31 Ype3 HOBM METO/H, aJIFOPUTMH, METOAONOTHU U ITOJX0/IH, CBBP3aHH ChC CUCTEMA
3a jobuBaHe, mnpejaBaHe W ChXPAHEHWE Ha HHPOPMALMS OT OHOMEJAMIHHCKH H
OnomeTpuyHn ceHsopu, choOpaseHa ¢ cremMdukata Ha NPUIOKEHME NpH KopaGHWTE
wiarhopmu.

[TpriioskHuTEe NPUHOCH Ce CBEXAAT [0 KOHKPETHH H3CIIEIABAHMS C HAIPABCHHTE
aHAJIN3Y, Ch3/IAJICHUS TIPOTOTHUII U Pa3padOTEHOTO MPOTPAMHO OCHIYPABAHE.,

Ilpunocute Ha aMCEPTALMOHHMA TPYI HMAT HAyYHO-TIPUIOKEH H HPHIOKCH
XapakTep CbC 3HAYUMOCT HA HOBOCT M JIOPA3BUTHS HA AJNTOPUTMH, METOAOJOTMH M
MOXOAH M TAXHOTO TBOPHECKO NMPUIIAraHe 3d pelIaBaHe HA KOHKPETHH HAYYHO-TTPUIIOKHH
3aJlaq¥, CBbp3aHM C ABTOMATH3MPAHE HA ANTOPUTMUTE 3a 00paboTKA HAa MEAMIMHCKA
MH(OPMALHS 32 3PABOCIIOBHOTO ChCTOSHIE Ha MOPCKH Jinia. C mosnydyeHute pe3ynaTaTtu
ce oborarsia Teopusita M HpakTHKata B o0nacTTa Ha 06paboTKaTa HA CUTHAJIM M Ce
pasiIupaBaT ChILECTBYBAIIMTC 3HAHUS.

6. Ouenka 3a cmenenma Ha AUYHOMO yHaAcmUE HA OUCEPMAHMA 6 RPUHOCUME.

Bpb3kara Mexay o1jenuuTe IIABM HA AMCEPTALMOHHHMA TPYl, @ CbUO M
CICHMOHUYHHUAT CTHII M HAYMH HA H3IOKEHHE IOTBLPK/IABAT ABTOPCTBOTO HA KAH/IM/ATA U
HETOBOTO JINYHO Y4acTHE B TIPHHOCHTE.
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Tosa TtBBprEeHMe ce norBbpxkiaBa o1 (akra, ye B paborure npeodnaaasar
M3CIICIBaHUS B 00/1aCTTa HA M3II0I3BAHE HA CHICLHAIN3UPAHN COPTYEPHH NPHIOKEHHUS 32
MaTeMaTHYEeCKO MOJIE/IMPAaHe U U3C/ICABaHNsA, CBbP3aHn ¢ 00paboTKaTa Ha CUTHAJIH,

B jamcepraumonnus Tpyan m B nyONMKaIMHTC KBM HETO MMa TOJYYEHM HOBH
pesyinraru. He Hamupam OCHOBaHMS Jla Ce CBbMHSBAM 3a HajJMYME Ha IJIardaTcrBO,
MOTBBPHK/ICHUE HA KOETO € crienu(UUHMs MOJIX0/L, MOTyUYeHHTE HOBU PE3YJITaTH U TIXHATA
nyOIMYHOCT.

7. llpewenka na nybauxayuume no OucepmayuoHHus mpyo.

KoM gucepraunonnus Tpya ca npenacrasenn 3 nyGmukauun. Exna or paGorara e
CaMOCTOSITEIIHA, ABE Ca B ChbABTOPCTBO ¢ HAY4YHUS PHKOBOJHUTEI, KATO B TAX JOKTOPAHTBT €
Ha bpBO MscTo. M Tpute nybmukamun ca nnaekcupann B 6asara gannn Cronyce. ITo ase
OT TAX UMa LIMTUPAHUSL.

JlokTopauTsT uma u apyrn myoiukammu — B Ckomyc o6mo 5, B I'yren nayka — 11.
[sinara nayyna npojyKuMs Ha KaHKujaTa 1oKas3ea, 4e JAUCEPTALMOHHUAT TPYIL € MOy YMI
MyONMYHOCT MpeJi CrelHaNNCTHTe B 00J1aCTTa, a ChIL0 Y€ AOKTOPAHTLT UMA 3a1bI60UEHH
MO3HAHMsS 110 HAay4yHaTa CHEeMaTHOCT, MOXe Ja aHaIn3upa uHdopMaluaTa 1 ja penasa
aKTyaJlHH Hay4YHH 1 HAYYHO-TIPWIOIKHH 3a/1a4H.

8. Hsnonseane na pesyimamume om Oucepmayuonnus mpyo ¢ nayunama u
coyuannama npaxkmuxa. Hanuuue na nocmuznam npax ukonomuuecku ehexm u np.
Hokymenmu, na koumo ce ocnosasa mevpoeHuemo.

Pesynrature B auceprauuoHuHus Tpya ca jao0pe jaeduHupand ¥ 0OOCHOBAHM.
Hscnensanmara B Hero ca cebp3auu ¢ Ilenrspa 3a komnerentHoct “KpanToBa
KOMYHHKALM, MHTCIMICHTHH CHCTEMM 3a CHUTYPHOCT M yIlpaBieHHe Ha pucka”
(QUASAR)” ¢unancupan or OnepatuBHa mnporpama ,Hayka u ob6pazoBanmne 3a
MHTEJIMIEHTEH PACTEK' ",

Cumram, 4e pesyaTatiuTe OT paspaboTCHUS ANCCPTALMOHCH TPY/L MOTAT J1a HAMCPAT
MpakTHIecko mpuioxkenve. Ouaksam Te Ja ce W3NOJI3BAT M B ydeOHMs Tporec MpH
00yueHHre Ha KyPCAHTH U CTY/ICHTH.

He ca mpejcrasenn 1OKyMEHTH 32 KOHKPETHO TNPHIIOKEHHE HA PE3yATATHTE B
MPAKTUKATA U 3a NOCTUIHAT MKOHOMUYECKH e(EKT.

9. Momueupanu npenopeku 3a 6voewy0 u3NOA3ICAHE HA HAYYHUME U
HAYYHO-RPUNONCHUME NPUNHOCH.

[onyyennre HayuHO-NIPUIIOKHN TPHHOCH Ca OCHOBA 3a YCHBBPHICHCTBAHE HA
METOJIMTE, AJTOPUTMHUTE W MPOLEAypUTe NpH 100HMBaHe, ChbXpaHeHHe W 06paboTka Ha
unpopmauus, cpbpaHa or OHOMEAMUMHCKH M OMOMETpHuHM censopu. Iloayuenure
PE3y/ITaTH ca MoJIe3Hn 3a ObJCIuM M3CIe/BaHK, CBbP3aHU C pa3pabOTBaHe HA AJITOPHTMH
32 00paboTKa W aHanM3 Ha JIAHHMTE C LIe/I ABTOMATUYHO OTKpMBaHE HA (PUIMYECKOTO
ChCTOSIHHE Ha XOpara.

10. Oyenxa na cvomeemcmeuemo na asmopegepama ¢ U3UCKGAHUAMA 3a
U320MEAHEMO MY, KAKMO U HA AOCKEAMHOCHING HA OMPA3AGAHE HA OCHOGHUME
HONOMNCEHUA U HPUHOCUIME HA OUCEPMALUOHHUA MPYO).

B aBropedepara ca npeacraBenm ajekBaTHO ChAbPIKAHHETO HA AUCEpTALMATA,
HEHHUTE 1EJ, 3a/1a41 U M3BOIM, MOJTYYEHHTE PE3yITaTH IIPETEHIMUTE 3a NMPUHOCHUTE,
KaKTO M CIUCHhKA ¢ nyOamkaimuTe 1o Hesi. Briiouena e u anorauus Ha anrinicku e3ux.
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[Ipu uerene na mMarepuannTe OCTaBa BIEYATICHHE 38 KOMIETEHTHOCT HA ABTOPA B
obmacrra Ha 0Opaborkara Ha cursanu u loMT (MHTepHEeT Ha MEUIIMHCKHTE Helwa).

11. Muenusn, npenopvku u benencku.

Hsimam chbuiectsenn Oeeskkn KbM IMCCPTAIMOHHMS TPYA OT IVICJAHA TOYKA Ha
ChAbpAKaTEaHaTa crpaHa. Cuuram ce, ye He e 0OBPHATO HEOOXOAMMOTO BHMMAHHE Ha
TEXHUYECKOTO M METOAHYECKOTO odopmsHe Ha paborara. BbB Tasm Bpb3ka HMaM
CJIEJTHUTE MPETIOPBLKU 1 3a0€ICHKKH:

- B Obaewara cu pabota JIOKTOPAHTHT Aa TpaBM CTapareaHo o(opMsHE Ha
M3JIOKEHUETO, BKIIIOUHUTEIIHO U KOPEKTYPH HA TEKCTA,

= Ha JI0CTa MECTa B TEKCTA Ca M3NOJI3BAHN MU W M3Pa3d HA aHIJIMHCKU €3HK, 63
Jla ce nmpeBe/ieHH Ha Ob/IrapckH,

- UMTHPAHETO HA JIMTEPaTYpPHUTE H3TOUHUIIM € ¢ WMETO Ha aBTopa M TojuHaTa
BMECTO OONIONPUETOTO NMTHPAHE 4Pe3 TOPEeH HOMEpP OT CHUCHKA HA W3MOI3BaHATA
nuTEparypa;

- OTHUTAHKK rojemus Opoii nydiukanun, cebp3ann ¢ o6paborka na EKI curnanm,
BIUIIOYHTEIIHO M B HallaTa CTPaHa, € JKEIaTeJHO JOKTOPAHTHT Ja HAIPaBH KPATHK
KOMCHTap Ha myONMYHaTa 3allUTa HA [0JYYEHH PE3ylTaTH OT JAPYTH aBTOPH, CBBP3AHH C
TeMara Ha AuCepTauuoHHHs Tpyd. B Tasu spb3ka e 100pe ja ce koMeHTHpar U padoTuTe
Ha aKaJICMUYHUSA ChCTaB Ha cekumnaTa ,,00padboTka U aHanu3 Ha OHOMEIMIMHCKH CUTHAJIM
¥ 1aHHK” KBbM MHeTHTyTa 110 Grodu3ika 1 GHOMEMIMHCKO HikeHepeTBo™ nipu BAH:;

- B ObJiemara cu Hay4yHo-u3ciIe0BaTe/Icka paboTa aBTophbT J1a 00BpHE M0-CePHO3HO
BHUMAHME Ha IyOIMKYBAHETO Ha [OCTHIHATHTE PE3yATard B  CHCHHAIW3HPAHH
NEPHOJAHYHHN U3JIaHHS.

12. 3axnrwuenue ¢ scno cmanosuuge 0a ce dade uau ne HAyuHa cCmenen.

Temara Ha aucepraumoHHuMs TPy € aKTyalHa W TpyaHa. Pesynratute ca nomayueHn
CJIe/l MPOBCACHH 3aAbIOOYCHM H3CICABAHUA W Ca CTAHAIM JIOCTOSHME Ha HayyHaTa
OOIIHOCT. ABTOPBT MO3HABA 3aTBIO0YEHO M3CIe/BAHATA 0GNACT, pelaBaHuTe IPOGIEMH,
METOAMTE 3a u3cie[BaHe u nyOnukyBanute pesyiararu. lloaxoaure, meroaure W
MaTeMaTHYCCKUs HWHCTPYMEHTAPUYM, M3I0JI3BaHH 3@ PEllaBaHe Ha NMOCTABEHUTE 3a/1a4H,
Ce OTJIMYaBaT C a/IeKBATHOCT M HAYYHOCT.

[Tocouennte mno-rope 3abenekkn ca CBbP3aHHM IMaBHO ¢ O(OPMIHETO Ha
JAUCEpTALMATa M C NPCACTABIHE Ha PE3yNTATHTE M HE OKa3BaT BIMSHHE HA OTIMYHHTE
BIICUATIICHHS OT paborara Ha JOKTOpaHTa.

VMaiiki  MpeABHI TOPEM3INOKEHOTO, CUMTAM, Y€ HAIBIHO Ca YIOBICTBOPEHH
msucksanuaTa Ha 3PACPbB, na IlpaBuinnka 3a Heropoto npuaarase 3a paspaGoTBane Ha
auceprauone Tpya v llpasunnuka 3a yciosuaTa u peaa 3a npuaobusane Ha HayuHU
CTCIICHHM M 3a€MaHE HA aKa/[CMHYHM M TIPEMNONABATEICKH ATHKHOCTH BB BBMY H. .
Barmapos ™ u npenopbusam na Hayunoto sxkypu aa MPUCH/AM HayyHata u o0pa3oBaTesHa
CTEMNCH ,,A0KTOP” Ha ac. mar. mHxK. Becesmn EBrennes Aramacos B npodecHoHaIHO
HanpasjieHue: 5.3 KoMyHUKalHOHHA i KOMITIOTbPHA TEXHHKA 1O JJOKTOPAHTCKA [porpama:
ABTOMATH3HPAHHU CHCTEMH 3a 00paboTKa Ha HHPOPMALHATA U YIIPABICHHC.

10.08.2023 r. Peuensenr:
Codus (IMpod. aru Cedepun Mupues)
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The dissertation submitted for review is 114 pages long and contains an introduction, 4
chapters, a conclusion, lists of 15 tables, 34 figures, used abbreviations and 114 cited
literature sources. An abstract reflecting the content of the dissertation and the achieved
results is also presented.

1. Relevance of the problem developed in the dissertation in scientific and scientific
applied terms. Degree and scale of the actuality of the problem and the specific tasks
developed in the dissertation.

The topic of the present dissertation is related to modern systems for collecting,
transmitting, processing, analyzing and providing information from biomedical and
biometric sensors and the application of such a system for timely obtaining medical
information about the health status of seafarers.

The health monitoring and related technologies are an attractive research area. The
electrocardiogram (ECG) has always been a popular scheme for the evaluation and
diagnosis of cardiovascular diseases. The number of ECG monitoring systems in the
literature is expanding exponentially. They are becoming intelligent surveillance systems
that use new technologies, including deep learning, artificial intelligence, big data and the
Internet of Things, to provide efficient and fully connected surveillance systems.

The relevance of the problem developed in the dissertation and the perspective of the
research are determined by the following factors:

* The complexity and difficulties in building a system for constant monitoring of the
biomedical parameters of the human body, especially in areas of industry where access to
medical assistance is highly limited;

* The application of modern technological solutions such as the Internet of Things and
artificial intelligence in medicine and the need for pre-processing of medical data;

I



* The specific working conditions of seafarers and the lack of integrated solutions for
ongoing medical diagnostics with the aim of prevention.

The relevance of the dissertation work is also determined by the fact that the results are
applicable to timely obtaining medical information about the health status of seafarers and
are related to the research of the Competence Centre "Quantum Communication, Intelligent
Security Systems and Risk Management".

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

The PhD student has familiarized himself with and accurately cited a large number of
literature sources in the field of biometric and biomedical sensor data processing and
analysis. Based on the presented literature review, six conclusions are correctly drawn.

In developing the topic of his dissertation, the author demonstrates competence in the
field of digital and statistical processing and analysis of signals, numerical methods,
mathematical modelling and experimental research, conducted with modern technical means
and software, which the PhD student clearly possesses.

All this shows that the PhD student is familiar with the state of the problem.

3. Correspondence of the chosen research methodology with the set goal and tasks of
the dissertation work.

The aim of the dissertation work is to investigate the possibilities of automating the
algorithms for processing medical information about the health status of seafarers. To
achieve this goal, five tasks are defined that are adequate to the goal and are solved in the
necessary volume at a high scientific level.

The PhD student has combined modern methods and software tools in his work. The
obtained results are adequate and reflect the object of the conducted research. The chosen
approach corresponds to the investigated problem. The set goals have been met.

The PhD student shows competence not only in the field of signal processing, but also
in good knowledge and skills in using modern tools for rescarch work, such as Matlab,
neural networks, etc.

4. Brief analytical description of the nature and assessment of the credibility of the
material on which the contributions of the dissertation are based.

In the first chapter "Current status of the subject of the dissertation work™ an analysis
of the problem related to the study of the possibilities of automating the algorithms for
processing medical information about the health status of seafarers is carried out. In this
chapter the main causes of illness of ship crew members are shown, the high awareness of
the electrocardiogram in cardiovascular diseases is indicated, the methodologies for manual
and automatic analysis of the P-QRS-T complex of the ECG signal are compared and the
methods to represent the ECG signal from signal theory - Fourier transform, short-time
Fourier transform, wavelet transform are described.

At the end of the first chapter, six conclusions are made, which show the relevance of
the dissertation work, and five main tasks are defined.

In the second chapter "Architecture model and algorithm of a system for extracting,
transmitting, analyzing and storing data from biomedical and biometric sensors" a model of
the system for extracting, processing and preservating information from various sensors,
specially designed for ship platforms, is presented. A prototype of the main element of the
system - Stationary station — is developed. An appropriate working algorithm of the
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prototype is proposed and a selection of hardware platforms for implementation is made. A
comparison between the stationary station of the proposed model and the mobile sensor set
from a laboratory in the Competence Centre "Quantum Communication Intelligent Systems
for Security and Risk Management" is made. A methodology for evaluating systems with
similar functionality is proposed. The methodology allows a systematic and objective
approach to assessing system requirements, taking into account the specific conditions of
ships and floating platforms.

In the third chapter “Processing and automatic analysis of body parameters” the
experimental setup, the filtration methods and the input data used for the analysis are
described. Matlab modelling of the filters and denoising by wavelet analysis is presented.
The purpose of the experiment is to prove the possibility of applying the presented
methodology for pre-processing and processing of the ECG signal, opposing two main
approaches: selection of optimal processing and unification of sources to increase awareness
when extracting the P-QRS-T complex.

In the fourth chapter "Verification of the system's operability through empirical data"
the experimental results are presented.

In the optimal processing selection approach, a model for classifying the presence of
noise of different morphology through a convolutional neural network is presented. After
successful classification, the determined signal needs to pass through a switching block and
be fed to the appropriate filtering technology. When the signal is detected with a basic type
of baseline motion noise, it is fed to a discrete wavelet transform with filtering properties.
When it is recognized as a noise signal from poor electrode contact, it is fed to a Chebyshev
filter of the second kind, and when it is recognized as a noise signal from skeletal muscle
activity, it is fed to a series of low and high-pass filters.

Results are also presented in the approach for unifying the information for automatic
detection of the P-QRS-T complex from two channels formed after the filtration - through a
Chebyshev filter of 2 types and through applied low- and high-pass filters. A detailed
comparison of the results of the two approaches is made.

Summarized conclusions from research and experimental work on the dissertation are
presented in the conclusion and 3 scientific-applied and 3 applied contributions are
indicated.

The research in the dissertation is correctly described and the obtained results are
thoroughly analyzed. The dissertation is well structured. A conclusion is drawn to each
chapter.

5. Scientific and scientific-applied contributions of the dissertation work.
Significance of contributions to science and practice.

[ accept the scientific-applied and applied contributions presented in the dissertation
work, namely:

Scientific-applied contributions:

* A model of the architecture and algorithm of operation of a system for extracting,
transmitting and storing information from biomedical and biometric sensors is proposed;

* A methodology for the evaluation of systems for extracting, transmitting, and storing
information from biomedical and biometric sensors, tailored to the specifics of application
on ship platforms is developed;

* A competitive evaluation of the proposed approaches in signal processing is
provided: intelligent selection of optimal processing and merging of data from multiple
channels with different types of filtration.



Applied Contributions:

* The risks of cardiovascular disease during the work of seafarers and the integrated
solutions for automatic extraction of the information from the ECG signal for the purpose of
ongoing medical diagnosis and prevention are analyzed,

* A prototype of a stationary station from the composition of the system for extracting,
transmitting and storing information from biomedical and biometric sensors is created:;

* Software for the development of a database of ECG signals with added noises of
different morphology under controlled conditions is created.

The scientific-applied contributions are reduced to proposals, research and analysis
through new methods, algorithms, methodologies and approaches related to a system for
extracting, transmitting and storing information from biomedical and biometric sensors,
tailored to the specifics of application on ship platforms.

The applied contributions are reduced to specific research with the performed analyzes,
the created prototype and the developed software.

The contributions of the dissertation work have a scientific-applied and applied nature
with the significance of novelty and further developments of algorithms, methodologies and
approaches and their creative application for solving specific scientific-applied tasks related
to the automation of algorithms for processing medical information about health condition
of marine persons. The obtained results enrich the theory and practice in the field of signal
processing and expand the existing knowledge.

6. Evaluation of the degree of personal participation of the doctoral student in the
contributions.

The relationship between the individual chapters of the dissertation, as well as the
specific style and manner of presentation, confirm the authorship of the candidate and his
personal involvement in the contributions.

This statement is supported by the fact that the works are dominated by research in the
field of using specialized software applications for mathematical modelling and research
related to signal processing.

In the dissertation work and in the publications to him there are new results obtained. I
find no reason to doubt the presence of plagiarism, which is confirmed by the specific
approach, the new results obtained and their publicity.

7. Evaluation of publications on the dissertation work.

Three publications are submitted to the dissertation work. One of the works is
independent, two are co-authored with the supervisor, in which the doctoral student is in
first place. All three publications are indexed in the Scopus database. There are citations for
two of them.

The doctoral student also has other publications - in Scopus in total 5, in Google
Science - 11. The entire scientific production of the candidate shows that the dissertation
work has received publicity before specialists in the field, and also that the doctoral student
has in-depth knowledge of the scientific specialty, can analyze information and solve current
scientific and scientific-applied tasks.

8. Using the results of the dissertation work in scientific and social practice.
Existence of achieved direct economic effect, etc. Documents on which the claim is based.

The results in the dissertation work are well defined and substantiated. The research in
it is related to the Centre of Competence "Quantum Communication, Intelligent Security
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Systems and Risk Management" (QUASAR) funded by the Operational Program "Science
and Education for Smart Growth".

I believe that the results of the developed dissertation should find practical application.
I expect that they will also be used in the learning process when training cadets and
students.

No documents for specific application of the results in practice and for the achieved
economic effect are presented.

9. Reasoned recommendations for future use of scientific and scientific-applied
contributions.

The received scientific-applied contributions are a basis for improving the methods,
algorithms and procedures for extracting, storing and processing information collected from
biomedical and biometric sensors. The obtained results are useful for future research related
to the development of algorithms for data processing and analysis in order to automatically
detect the physical condition of people.

10. Assessment of the compliance of the abstract with the requirements for its
preparation, as well as the adequacy of reflecting the main points and contributions of the
dissertation work.

In the abstract the content of the dissertation, its purpose, tasks and conclusions, the
obtained results and the claims for contributions are adequately presented, as well as the list
of publications on it. Annotation in English is also included.

In reading the materials | have leaved with an impression of the author's competence in
signal processing and [oMT (Internet of Medical Things).

11. Opinions, recommendations and notes.

I have no significant comments on the dissertation work from the point of view of
content. It is considered that the necessary attention is not paid to the technical and
methodical design of the work. In this regard, I have the following recommendations and
remarks:

- in his future work, the doctoral student should carefully shape the statement,
including corrections of the text;

- in many places in the text words and expressions are used in English without being
translated into Bulgarian;

- the citation of the literary sources is with the name of the author and the year instead
of the generally accepted citation by a sequential number from the list of the literature used:

- taking into account the large number of publications related to the processing of ECG
signals, including in our country, it is desirable the doctoral student to make a short
statement of received results from other authors, related to the topic of the dissertation work,
in the public defence. In this regard, it is good to comment on the work of the academic staff
of the "Processing and Analysis of Biomedical Signals and Data" section at the "Institute of
Biophysics and Biomedical Engineering" at the BAS;

- in his future research work, the author should pay more serious attention to the
publication of the achieved results in specialized periodicals.

12. Conclusion with a clear opinion whether or not to grant a scientific degree.

The topic of the dissertation is current and difficult. The results are obtained after
extensive research and have become available to the scientific community. The author has a
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thorough knowledge of the researched area, the solved problems, the research methods and
the published results. The approaches, methods and mathematical tools used to solve the
tasks are distinguished by adequacy and scientificity.

The above-mentioned remarks are mainly related to the design of the dissertation and
the presentation of the results and do not affect the excellent impressions of the doctoral
student's work.

Bearing in mind the above, I consider that the requirements of ZRASRB, of the
Regulations for its application for the development of a dissertation and of the Regulations
for the terms and conditions for acquiring scientific degrees and occupying academic and
teaching positions at the Nikola Vaptsarov Naval Academy are fully satisfied and I
recommend to the Scientific Jury to award the scientific and educational degree “Doctor” to
Assist. Prof. Mag. Eng. Veselin Evgeniev Atanasov in professional field:

5.3 Communication and computer engineering on doctoral program: Automated systems for
information processing and management.

August 10, 2023. Reviewer:
/Prof. D.Sc. Seferin Mirtchev/



