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XaOnauTanuoHeH TPYA — pe3loMeTa HA HAYYHHU NYOJIMKALMH B U31aHUs, KOUTO
ca pedepupaHy M MHACKCHPAHM B CBETOBHOM3BECTHH 0a3M JaHHU C HAy4YHa
uHopmauus (Web of Science u Scopus)

MOJXOJH, METOJH H ATTOPHUTMH 34 AHATH3 HA T'OJIEMH
BUOMEJHAIIMHCKH JAHHH B TOJKPEIA HA ITPELH3HATA
MEJIAIIAHA C H3IOJI3BAHE HA H3KYCTBEH HHTEJIEKT

[Ipe3 nmocieaHUTE TOAMHU BOACUIM YYEHM, U3CIEHOBATENIM U aHAIM3aTopu
nocoyBart rosiemute qanuu (Big Data) kato peBooius B HAyYHUTE U3CIICIBAHUS U
eIHa OT Hal-TIepCIeKTUBHUTE TeHAeHITMU B oOsactra Ha WT. Toa mame tmackk Ha
WHTEH3UBHOTO Pa3BUTHE HAa METOAUTE W TEXHOJIOTMHUTE 32 00paboTKa Ha TOJIeMU
MacHBU OT JJaHHM B TMOCJICIHUTE TOJWHU U JOBEAEC JO0 PaJAUKAIHUA MPOMEHU B
MapajurMuTe 3a HayYHU U3CJICIBAHMUS.

B mo6anen mama6, unrenzuBuust nporpec B UKT goBene 10 HaTpynBaHETO
U CbXpPaHEHUETO Ha OrPOMHU MACHBHU JIaHHM, B OOIIMS cIy4ail ¢ HHUCKa
nH(OPMAIIMOHHA TUTBTHOCT, KOUTO CE€ MPEBPHIIAT B OCHOBEH U3TOUHUK HA 3HAHUS.
Hosara mapagurma 3a Hay4yHH u3cieaBanus ,,Data-Intensive-Scientific-Discovery*
(DISD) panukanHO TpOMEHSI HauMHA 3a MPOBEKIAHE HA EKCIEPUMEHTUTE U
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OTKPUBAHC HA 3HAHUAI. Bwmecto da CC IINIaHHpa CKCIICPUMCHTA U CJICA TOBA a CC
AHAJIN3UPAaT JaHHUTC, IIPU HOBATA IMapaJuTrMa HATPYIIAHUTC OT'POMHH MAaCUBU JaHHU
CC Mnoajiaratr Ha aHaJin3, IpUu KOWTO ce€ THPCAT 3HAYMMHA KOPCJIaAllMK U CC IIpujiarart
WHOBATHMBHU MCTOANW 34 OTKPUBAHC Ha HOBU 3HAHUA. HpHnaraHeTo Ha TO3H
paaAruKalIHO HOB IIOAXOA 3a IIPOBCKIAAHC Ha HAYYHU HU3CJICABAHUA € U3KIIOYHUTCIHO
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IIOJIE3EH 3a aHAJU3 Ha roJeMu OMOMEIMUMHCKN JaHHU B MOJKpEIa Ha Mpelu3Hara
MEIMIIMHA, C BUCOKA J0OaBEHa CTOMHOCT 3a OOIIECTBOTO U HAIIETO 3/IpaBe.

[IpeunsHata MequUMHA € €IHA OT HAW-TOPEIIMTE TEMH B JHEIIHO BpPEME M
BKJIIOYBA TMArHOCTHKA U JIEUEHUE Ha 3a00JIsIBaHUsI, KOUTO OTUUTAT UHANBUIY ATTHUS
reHeTu4eH npodui, crnenudukara Ha OKOJHATa cpelja U HauMHa Ha >KUBOT Ha
nHauBuAa. OTKpPUBAHETO HA 3HAHMS MOCPEACTBOM aHanu3 Ha JanHu (KDD) e ot
pernaBario 3HaueHue 3a uaeHTudumpaneTo Ha cioxan JJHK anomanum, cBbp3ann
c reHetnyHH 3abomsBanus U pak. Kamammrerst Ha JJHK Oasure nmannm nHapactBa
€KCIIOHEHIIMAJIHO TIpe3 MOCIeqHOTO AcceTunerue. [Ipenusnara Menummaa 3amo4ysa
C TEHOMHUKA M pa3uuTa Ha MiaaThopMHTE ,,0mics’ 3a aHAJIM3 U MHTEpIIpETaIUs Ha
MHOTOMaIaOHM JaHHHU, KAKTO U Ha HOBUTE METOJIM U CPEJICTBA 32 aHAJIN3 HA FOJIEMU
JJAHHU C U3II0JI3BaHE HA U3KYCTBEH MHTEJIEKT.

[. D. Ivanova, Proactive Intelligent System for Early Detection of Thyroid
Anomalies, AIP Conference Proceedings 2505, 020002 (2022), ISBN 978-
073544396-9, https://doi.org/10.1063/5.0100631; Scopus - Document details

- Proactive Intelligent System for Early Detection of Thyroid Anomalies

bbp30TO pa3BuTHE Ha KOMIIOTHPHUTE W CO(PTYECpPHHUTE HAYKH 3acsira BCUIKH
chepr Ha KUBOTA, BKIFOUUTEITHO 00JIaCTTa HA MEIUITMHATA W 3/IPAaBEOIa3BaHETO.
PanHaTa nuarHocTrka Ha 3a00JIIBaHUATA U TIEPCOHAIM3MpPAHATA Tepas U3UCKBAT
W3IMOJI3BAHETO HAa CHBPEMEHHH HMH(DOPMAIIMOHHU TEXHOJOTHU W HM3KYCTBCH
WHTEJICKT, KOUTO Ja MOAKPEIIST JCKAPUTE P B3EMaHETO Ha PEIICHHS.

Cratusita TIpemjiara CHCTEMHA apXHTEKTypa M pEIICHHWE Ha MPOAKTHBHA
WHTCIIMTCHTHA CHCTEMa, KOATO € TpeJHa3HauYeHa 3a paHHa JUAarHOCTHKAa Ha
3a00JIIBaHMS Ha WIMTOBUAHATA >kje3a. CucreMara ce OCHOBaBa Ha METOIU M
QITOPUTMH C U3KYCTBCH MHTEJICKT 32 aHAIM3 Ha TOJIEMU OMOMETUITMHCKY JTAaHHU 32
PaHHOTO OTKPWBAaHE HA AaHOMAJIMW Ha IIMTOBHIHATA KJI€3a W TEPCOHATM3HpPAHA
TepaIusl.

[IpoakTHBHATa CHCTEMa IIPEIOCTABS Bb3MOXKHOCT 3a 1) OlleHKa Ha ChbCTOSTHUETO
Y pHUCKa OT 3a00JIsIBaHE Ha IIIUTOBUIHATA JKJI€3a, Upe3 pa3padO0TEHUS CKOPHHT MOTYJT
(scoring module), KOHTO ce ChCTOM OT MoOden Ha 3ynescKu u Mooen 3a OYeHKa Ha
CbCMosAHUemo  Ha  wumosuonama ociesa  cied  npexapan  COVID-19.
2) IIporHo3Ha auarHo3a 3a ChCTOSHHETO Ha IIMTOBHJIHATA JKJIE3a OT MOJIyJIa 3a
dbyukimonanau usMmeHenus (functional disorders module). B to3u moayn Ha
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cucTemara € pa3paboTeH allfOPUTHM 3a aHAJIU3 Ha JaHHU OT KPbBHH H3CJIE/IBAHU,
JaBall IMporHo3a 3a (YHKIMOHATHOTO CBHCTOSIHHETO Ha IIMTOBHHATA >KJIE3a.
3) IlporHo3Ha auarHosa 3a ChCTOSIHUETO Ha IIMTOBUIHATA >KJie3a OT MOjJyja 3a
CTpYKTypHH n3MeHeHus (structural disorders module). To3u Moayn Ha cucTemara,
U3MO0JI3Ba AJITOPUTHM C U3KYCTBEH MHTEJEKT, C TOMOIITAa HA KOWTO € pa3paboTeH
KJacu(UKaTOp 32 OTKPUBAHE HA CTPYKTYPHU aHOMAJIUHU Ha IIIUTOBH/IHATA JKJIE3a OT
aHaJIW3 Ha TOJIeMH OMOMETUIIMHCKY JAHHU OT €XOrpad)CKu U3CieIBaHuUS.

TpuTe HUBA HAa MPOAKTUBHATA MHTEIUTEHTHA CUCTEMA MTPEIOCTABSIT BH3MOXKHOCT
3a MPOTHO3MpaHe Ha (YHKIMOHAIHU U CTPYKTYPHH aHOMAJIUU HA IIMTOBUIHATA
’KJI€3a, 3a€THO C MMPOTHO3MpPaHE Ha pUcKa OT 3a00JsIBaHEe HA IIMTOBH/IHATA HKJIE3a.

B Bbarapust npoiieHThT Ha MAlIMEHTUTE C AHOMAJIMU Ha NUTOBUIHATA JKJIe3a ca
MUJIMOH U TOJIOBUHA, 3a€/IHO ¢ (pakTa, ue OposT HA MEAUIIMHCKUTE CHEIHAIUCTU
HaMaJsiBa, ca MPUYMHA Ja CE MPOMPABU MBT KbM MPOCKTHUPAHE U PA3BUTHE Ha
npensioKeHaTa MpoakTHBHA MHTEUIeHTHA cuctema. [IporiecsT Ha pa3paboTBane Ha
npenjoKeHaTa TPOAKTUBHA  WHTEIWTEHTHA  CHUCTeMara M3UCKBAa  HMHTEp-
TUCUUIUIMHapHA paboTa, chueraBama WT ekcnepTuza W MEIUIMHCKU
KOMIIETEHIINH.

INPUHOCH:

1. V3BbpIieH € aHaJIU3 HAa HayyHaTa MPOAYKIUs, CBbp3aHa ChC CbBPEMEHHUTE
NOCTI)KEHHUsT B oOnactuTte Ha uWHOOpMATHKaTa, TOJEMUTE JaHHU U
nperu3HaTa MeIWIMHA 4pe3 Mpuiarane Ha OWUOIMOMETPUYEH MOAXOA M
CHUCTEMaTHYCH JIUNTEPATypeH 0030p.

2. Pa3pabotenu ca GyHKIIMOHAITHUTE U3UCKBAHUSI, AITOPUTMUTE U MOJICIIUTE C
M3KYCTBEH HHTEJIEKT Ha MPOAKTHBHA CHCTEMa 3a paHHA JUArHOCTHUKA M
OTKpHBaHE Ha aHOMAJIMU Ha IUTOBUIHATA XKJIE3a.

3. Ilpennoxkena € cHUCTEMHAa AapXUTEKTypa Ha MPOAKTUBHA WHTEIUTCHTHA
CUCTEMA 32 paHHA JIMArHOCTUKA Ha aHOMAJIMK Ha IITUTOBUIHATA JKJIE3a.

I1.  D.lIvanova, Artificial Intelligence in Internet of Medical Imaging Things: The
Power of Thyroid Cancer Detection, IEEE, 28 October 2018, International
Conference  on  Information  Technologies  (InfoTech), 2018,
https://ieeexplore.ieee.org/ document/8510725, DOI1:10.1109/InfoTech.2018.
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8510725; Scopus - Document details - Artificial intelligence in internet of
medical imaging things: The power of thyroid cancer detection

Pa3Butnero Ha uMH(OpMaTHKATa M KOMIIIOTbpHAaTa HayKa € B OCHOBaTra Ha
riobanHara TmpomsiHa Ha WHGOPMAIMOHHATA Cpela, 3/pPaBEOla3BaHETO U
WHAYCTPHUAITHOTO pa3BUTHUE B CBETOBEH Maiad. MaTepuet Ha Hemnara (IoT) pazmuBa
IPaHMIIATA MEXK]ly peajiHaTa U BUpTyallHaTa cpefa. ToBa € He caMO HHCTPYMEHT 32
pa3paboTBaHe HAa HOBUS JUTUTAJICH CBAT, HO U HHCTPYMEHT 3a pa3BUTHE Ha OBACIIO
0OIIECTBO HAa CHOJEJIEHO 3HAHUE MOCPEICTBOM MHJIMOHU CBBP3aHU YCTPOMCTBA.
Te3u HOBU yCTpOIiCTBa HE caMO HU IToMaraT Ja pa3oepeM MoBeyUe 3a HallIeTO 3/1paBe,
HO U CbOUpAT rojieMH JJaHHU OT CaMHUTE Hac.

WNurtepuer Ha Hemata B meaunuHaTta (IloMT) u ronemute nannu (Big Data) ca
JB€ 00JacTH, KOUTO MOTaT J]a PEBOJIIOLMOHU3UPAT U3CIIEIBAaHUATA B MEIULIMHATA.
SAnpoTo Ha TE3U TEHIEHUNHU € U3KYCTBEHUT UHTENEKT (Al), KoilTo 106aBs cTOIHOCT
KbM MEJUIIMHATA.

Crarusra npeayiara mojaxoJ] 3a OTKpPHBaHE HAa pak Ha IIMTOBHJIHATA >KJIE3a,
O0azupaH Ha H3KYCTBEH MHTENEKT B ekocucTemata MHTepHeT Ha Hemata B
MeauimHckara obpasHa auarnoctuka (IoMIT). VnrpasBykoBute un3oOpaxeHus,
chOpanu B ekocuctemara Ha [oMIT, e Hail-noOpusT HAaUMH 3a TUAarHOCTUKA Ha pak
Ha IUMTOBUAHATA kJie3a. CEerMEHTUPAHETO Ha U300paKEHUETO U OTKPUBAHETO HA
NO0OpOKAYECTBEHW M 3JIOKAYECTBEHH THUPEOUJTHU BbB3JIM € Ba)XKHAa YacT OT
npeyioxkenus moaxo. Toit e peann3upan B cpena Ha Apache Spark ¢ momorra Ha
oubnmoTexkara 3a MamMHHO oOydenne MLIib, 0a3upan Ha KOHBOJIIOLIMOHHU
HeBpoHHHU Mpexu (CNN).

INPUHOCH:

1. W3BbplileH € aHanu3 Ha Hay4yHaTa MPOAYKIHUS, CBbp3aHa ChbC ChbBPEMEHHUTE
MOCTHXKEHUST B oOyiactuTe Ha MHTepHeT Ha Hemata B MEIMIIMHATA U
oOpa3HaTa AUMArHOCTHKA 4pe3 MpujaraHe Ha OMOJMOMETpPUYEH TOAXOJ U
CHUCTEMaTHYEH JIMTepaTypeH 0030p.

2. IlpenyoxkeH € MOAXOH 3a OTKPUBAHE HAa paK Ha IIMTOBHAHATA KJe3a
OCHOBABalll CE€ HAa aHAJIM3 M OTKPUBAHE HA AHOMAJIMHM OT YJITPA3BYKOBU
MEUITMHCKH n300pakeHus B ekocrucTeMmara IHTepHeT Ha Hemara.
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3. TlpennoxeHuAT TOmXoa € BepuPHUIMpaH W BaJWJAMpPAaH Ha OCHOBaTa Ha
MporpamMHa peanu3aiis 1 CUMYJIAlOHHNA EKIIEPUMEHTH B cpeaa Ha Apache
Spark ¢ momomra Ha OuOnMoTekara 3a MamuMHHO oOyuenne MLIb wu
U3I0JI3BaHe Ha KOHBOJIOIIMOHHU HEBpOHHU Mpeku (CNN).

III.  D. Ivanova, P. Borovska, S. Zahov, Development of PaaS using AWS and
Terraform for medical imaging analytics, AIP Conference Proceedings 2048,
060018 (2018); https://doi.org/10.1063/1.5082133; Scopus - Document
details - Development of PaaS using AWS and Terraform for medical imaging

analytics; Development of PaaS using AWS and Terraform for medical
1imaging analytics-Web of Science Core Collection

CraTusita mpeacTaBst KOHIENIUATA M CbBPEMEHHUS HAIPEIbK B U3UHCIUTEIIHUTE
apXUTEKTYpH, MOJEINTE U ycIayrute B obnaka. Llenta e ga ce pazpabotu obiauHa
apXUTEKTypa U J1a ce MPEJCTaBH, Kak eaHa abCONIOTHO CUTYypHA, Obp3a U MOIIHA
o0JauHa M3YMUCIUTENHA Cpe/la, MOXKe Ja ObJie U3rpajieHa Mo JIECEH U MKOHOMUYEH
HA4MH, 32 J1a CIIy>KM KaTo KpaeH NpOAYKT. 3a Ta3M 1LieJl € Ch3/ajieHa o0auHa cpena
Yype3 U3I0JI3BAHE HA HO8, MOOepeH U pa3susauy ce nooxoo, HPPaCcTpyKTypa KaTo
ko7 (IaC) upe3 nHanucane Ha Terraform KoJ cbC CHOTBETHHUSI 00Ja4Y€H M3TOYHUK,
AWS “Amazon Web Services”. Pa3paborenara oOnauyHa HHPPaCTpyKTypa IIie
ocurypu miatdopma kato ycayra ,,PaaS (Platform as a Service)* 3a ananu3 Ha
MEJIUIMHCKA H300paKEeHHUs] W 1€ MOAIbpKa BCUYKH HEOOXOIAMMH COPTyEepHU
WHCTPYMEHTH U TTAKETH.

INPUHOCH:

1. V3BbpIeH e aHaau3 Ha HaydHaTa MPOAYKIIHS, CBbP3aHa ChbC ChbBPEMEHHUTE
MOCTM)KCHHUSI B O0JIaCTHTE Ha OOJAYHUTE TEXHOJOTHMH W YCIYTH Ype3
npuiiaraHe Ha OWOJIMOMETPHYCH ITOAXOJ M CHUCTEMAaTHYCH JIMTepaTypeH
0030p.

2. TlpennoxkeH € HOB M MOJIEPEH MOAXOJ 3a W3TpaKIaHe Ha W3UUCIUTEITHH
obOnavyHM cpeau ¢ u3rnosBane Ha nHppacTpykrypa kato kof (IaC), Terraform
KOJl CbC CHOTBETHUS 00aueH n3TouHuk, AWS “Amazon Web Services”.
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3. Tlpoextupana e oOyayHa apXUTEKTypa, Oazmpalia ce Ha MPEIJIOKHHS HOB
MOJIXO/I.

4. Pazpaborena e mardopma kato yciyra ,,PaaS (Platform as a Service)* 3a
aHaJIN3 Ha MEAWIIMHCKHI H300payKeHUSI.

IV. D. Ivanova, V. Zlatanov, Anomaly detection of thyroid hormones disorder
based on machine learning, AIP Conference Proceedings 2505, 020003

(2022); https://doi.org/10.1063/5.0100632; Scopus - Document details -
Anomaly Detection of Thyroid Hormones Disorder Based on Machine

Learning

Cratusta npejyiara mojaxoJ 3a OTKpUBaHE Ha aHOMAJIMU TIPH HAPYIICHHS Ha
TUPEOUIHUTE XOPMOHH U AaHOMAJIMM B MEIUIMHCKATE H300paKEHUS Ha
IIUTOBUHATA *JIe3a B3 OCHOBA HAa MAIIMHHO oOydeHue. [IpeanoxkeHusar noaxos e
KOMOHMHAIIMS OT JIB€ PAa3JIMYHU CTHIIKU — aHAJIU3 Ha KPBBEH TECT U KJIaCH(UKAIIHS
Ha yJITPa3BYKOBO M300paKEHHE.

[IspBaTa cThIIKa OT MOJX0/Ia € AHATU3BHT Ha KPhBTA 32 XOPMOHAIIHU HapyIICHUS.
Cwcrou ce ot ABe (a3u — (asza Ha mpeaBapuTesHa 00padoTka 1 (pa3a Ha MAIIUHHO
oOydenne. OTroBopHOCTUTE Ha (ha3aTa Ha MpeaBapuTesiHa oOpabOTKa BKIFOYBAT
¢untpupane, MOYKWCTBAaHE W pa3leisHe HA JaHHU, KakTo © u300p Ha
xapaktepuctuku. [Ipe3 dazata Ha MamMHHO 00y4YEHHE C€ OCHIIECTBSABAT MPOIIECH
Ha o0yueHue, kinacudukanus 1 nporaozupane. LenTta Ha To3u MOy € Aa OCUTYpHU
paHeH eTan Ha HaOJIOJICHUE Ha MAlMEHT ¢ MOMOIITa Ha KPbBEeH TecT. PesynraTture
OT TecTa Cce KauBaT PhbYHO B CHCTEMAaTa W CJe]l TOBa ce KiacuuuupaT B e€aHa OT
TPUTE U3XOJIHUA KATETOPUH — HOPMAJIHH, XUTIEPTUPEOUTUZEM U XUTTOTUPEOUTUZHM.
B cnydas sinpoto Ha Ta3u (aza e anroputhbMbT Ha Naive Bayes.

Bropara cThnka OoT moaxoja € aHajJu3 Ha YITPa3BYKOBOTO HM300pakeHHE Ha
IMIMTOBUHATA JKJIe3a 32 OTKpHUBaHe Ha aHoManuu. [1onoO6HO Ha aHaM3a HA KPBBHUSA
TeCT, c€ Ipujara mojaxoj, KOWTO BKJIIOUBA IMpejBapuTesiHa oOpadoTka u ¢aza Ha
MalIMHHO 00yueHue. B erama Ha mpeaBapuTenHa oOpaboTka HAOOPHT JAHHU OT
YATPa3BYKOBU M300paKEHUS CE€ KayBa B CUCTEMATa W MUKCETHUTE JAHHHU OT BCSIKO
n3zobpaxenue ce u3Bnuuat. Crex ToBa cienBa (a3ara Ha TECHHM MECTa, B KOSITO
CTOWHOCTHTE Ha MHUKCEIUTE Ha H300paKeHHUsITa CE€ H3MOJ3BaT KaTo BXOJ 3a
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3aMpa3eHUTE CiI0eBe Ha Mojena. M3XoaHuTe CTOMHOCTM Ha TO3M MpOLEC ce
M3M0J3BaT KaTo BXOJ 3a AbJIOOKAaTa HEBPOHHA MPEXka B CJIE/IBAILATA CTHIIKA.

EtanbT Ha MammHHO 00y4YeHUE € pa3jiesieH Ha JBe moakaTeropuu. [IbpBusT e
0oOy4eHHETO Ha JaHHUTE, MPU KOETO H300pAKEHUSTA C€ pasNpenesisT B MeT
npenapurenHo aedunupanu kareropun Ha EU-TIRADS. Toa ce mpaBu ¢
IIOMOIIITa Ha OCTaThbyHAaTa AbJIIOOKAa HEBpoHHA Mpexa ResNet-50, unrerpupana B
pamkatra ML.NET. HaGopsT oT nanuu e pazaeneH Ha 80% Habop 3a oOydeHne u
20% TectoB Habop. HabopbT 3a 00yyeHHe ce U3M0II3Ba 3a MAIIMHHO 00yYeHUEe Ha
MO/IeJIa, a HA0OPBT 3a TECTBAHE OLIEHsABA TOYHOCTTA Ha 00y4yeHust mojien. [Ipomecst
ce MOBTapsl O MOCTUTaHe Ha Jo0bp pe3ynrar. B kpas Ha Ta3u mojakareropusi ce
reHepupa nepconanuzupad Mmoaen TensorFlow. Jlpyrara noakateropus e ¢azara Ha
nporuo3upatne. Heroara 1ien e 1a kinacu@uipa HOBO yJITPa3ByKOBO H300pakKeHHe
Ha [IMTOBUJIHATA KJIe3a (BBBEJICHO OT MOTPEOUTENS) KbM €HA OT METTE KaTerOpuu
Ha oOy4deHust Mojeln. Ta3u 1ei ce mocTura 4pe3 U3UUCIIIBaHE Ha BEPOSITHOCTTA 32
CHBIIAJICHUE MEX]Ty BXOAHOTO M300paxeHue u Besika ot kareropunte EU-TIRADS.
Hakpast n300paxeHueTo ce OTHAcsd KbM KaTeropusaTa ¢ Hali-BHCOKAa BEPOSITHOCT 32
CBbOTBETCTBHUE.

IMPUHOCH:

1. IlpenyoxkeH € moAXon 3a OTKPUBAaHE HA AaHOMAJIWW NPHU HaAPYLICHHWS Ha
TUPEOUJHUTE XOPMOHH W aHOMAJIMW B MEAMIIMHCKUTE H300pakeHHs Ha
HIUTOBUIHATA KJI€3a Bb3 OCHOBA HA MAITMHHO O0y4YEHHE.

2. Pa3paboteH e kinacupuUKaTop 3a OTKPUBAHE HA CTPYKTYPHU aHOMAJIMHM Ha
muToBuaHaTta kie3a mo cuctemata EU-TIRADS ¢ nmanHum ot oOpasHa
JMarHOCTHKa U U3MOJI3BaHE HA U3KYCTBEH UHTEJIEKT.

3. Tlpennoxenust moaxoa u kiacudukatop ca BepuduIMpaHd U BaTUAUPAHU
Ha OCHOBAaTa Ha MPOTPaMHA pean3alus U CUMYJIAIMOHHU €KCIIEPUMEHTH B
cpena Ha .NET 4.6.1, NET Core 2.2 u ML.NET 1.5.1 u u3nosn3Bane Ha
nbia0oka HeBpoHHA Mpexka ResNet-50 u anropursma Ha Naive Bayes.

V. D. Ivanova, B. Nenchovski, Experimental Framework and Graphical User
Interface for Research in Bioinformatics: GRAY — Gene Rapid Analysis, DOI.:

10.1109/InfoTech49733.2020.9210973, Conference: 2020 International
Conference on Information Technologies (InfoTech),
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https://1eeexplore.ieee.org/document/9210973; Scopus - Document details -
Experimental Framework and Graphical User Interface for Research in
Bioinformatics: GRAY - Gene Rapid Analysis

@OKyChT Ha Ta3U CTATUS € BbPXY YHMCIEHOTO MPEICTAaBSHE HA IaHHU 3a T'€HU B
obnactra Ha OuomH@opmaTukaTa. [IpeacTaBeHr ca MOJBUTE OT M3MOI3BAHETO HA
IBIOOKO 00yUeHue, KOUTO ca CBbp3aHu ¢ (aKkTa, ue TO3U TUM aJTOPUTMHU JOMbIBAT
JIHK ananu3a, Tl KaTo T€ OTYMTAT MHAMBHUAYAJIHATA IPOMEHIIMBOCT B T'€HUTE U
MOTaT Ja TOMOTHAT TpH JICUEHHUETO M TMPEBEHIUATAa Ha 3a00JNsSBaHUs Upe3
olpesiesisiHe Ha TeHEeTHYHATA NPEApa3noI0KEeHOCT KbM 3a00JI1BaHUS.

CratusiTa moka3Ba MPOLECHT Ha Ch3JaBaHE Ha JIECEH M yI00eH rpaduueH
notpebuten wuHtepdeiic (GUI), koiTo ocurypsiBa JO0CTHI J1O0 IyOJIUYHU
OMoJOrnYHM 0a3u JaHHU, O3BOJISIBAKY HAa MOTPEOUTENA J1a PEIAKTUPA TaHHUTE U
Jla T aHAJIM3Upa ¢ aITOPUTMHU 3a MAIIMHHO O0y4eHHe 0€3 U3MCKBAIY MO3HAHUS 110
MIpOrpaMUpaHe UM CHEUUATU3NPaHU Xapayep.

Mopepan codTyepHn OHUOIMOTEKM W HAW-IOOpUTE MPAKTUKUTE 34
IPOrpaMHUpPAHE Cca M3IO0J3BaHU 32 MPOCKTUPAHE HA apXUTEKTypaTa U Ch31aBAaHETO
Ha rpauuHus uHTepdEic.

Taka mnpeasokeHaTta eKCIepUMEHTalHa paMkKa U TpaduyeH uHTepdeiic e
HAaCOYEeH KbM M3CJIEIOBATEIUTE, KOUTO PabOTAT C T'€HHHM MOCIEIOBATEIHOCTH U
TeXHUs aHanu3. Pa3paboTkaTa mnpeincTaBeHa B cTaTHsTa mpenjara codryepeH
npoyKT ¢ orBopeH Ko “GRAY - Gene Rapid AnalYsis”.

Ta3zu craTus mpencraBs €KCHEpUMEHTAHA paMKa, Oa3upaHa Ha H3KYCTBEHH
HEBPOHHU MPEKU KaTO MHOTOCJIONHUS IEPLIETITPOH, C OCHOBAHA 11€J1 KJIacu(puKalus
U aHaJu3 Ha reHu. Ts e HacoueHa KbM HaMalsiBaHE Ha BPEMETO, HEOOXOJIMMO 3a
oOydeHue Ha TakaBa Mpexka, B JOI'bJIHEHHE KbM IOHW)XAaBaHE Ha XapaAyepHUTE
M3MCKBaHMs 3a HEMHaTa BUpTyanu3aius, 0e3 Ja ce *KepTBa TOUHOCTTA.

INMPUHOCH:

1. TlpennoxeHa e pabOTHA paMKa 3a aHAJW3 Ha TCHOMHHU JIaHHU C M3KYCTBCH
WHTCJICKT.

2. Cw3nmaneH e jgeceH u y1o0eH rpaguieH narepdeic, KONTo OCUTypsiBa T0CTHIT
710 TyOJIMYHU OMOJOTUYHU 0a3M TaHHU U TTOCJIEIBAIIl AHAIN3 C AJITOPUTMHU 32
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MaIlIMHHO O0ydeHue, 0e3 W3HUCKBAaIlUM MO3HAaHHS M0 MpOrpamMupaHe WU
crenuaIu3upaHu Xapayep.

3. Pazpaboren e coptyep ¢ orBopeH koa “GRAY - Gene Rapid AnalYsis” 3a
aHaJIM3 Ha TOJIEMU T€HOMHU JaHHHU.

4. PaborocnocoOHOCTTa Ha mpeioxkeHus codryepeH npoaykrt ,,GRAY® e
Bepu(duIMpaHa W BaTUIUPAHW HAa 0azaTa HA EKCIEPUMEHTH C Pa3IndHU
TCHOMHH JTaHHHU.

VI. D. Ivanova, J. Staeva, Structural Similarity Analysis of SARS-CoV-2 and
Human Proteins, AIP Conference Proceedings 2505, 020001 (2022);
https://doi.org/10.1063/5.0100629; Scopus - Document details - Structural
Similarity Analysis of SARS-CoV-2 and Human Proteins

[lenra Ha Ta3u cTraThs € Ja NPEIOCTaBU AHAIN3 HA CTPYKTYPHOTO CXOACTBO Ha
SARS-CoV-2 n yoBenku npoTerHU. 3a Ta3u LEN € MPEIJI0KEHa EKCIIEPUMEHTATHA
paMKa, 6a3upaHa Ha MHOKECTBO MHOBAaTUBHH IIAT(HOPMH 32 OMOUH(POpPMATHKA.

To3u excriepuMeHT uMa 3a e J1a onpeaeian Ko yoBeku 1 SARS-2 nporennun
UMAaT Hal-BUCOK IPOLIEHT Ha CTPYKTYPHO CXOJICTBO U J1a U3MEPHU TO3H MPOLIEHT. 3a
Jla U3MBJIHUM Ta3M 3ajjadya ce mpejyiara J0cTa HeTpaJAulIMOHeH paboTeH Mpoliec B
yetupu (azu: 1) N360p Ha moaxossina 6a3za MaHHU, KOSITO ChAbpPKa YOBEIIKU U
SARS-2 nporennu. 2) ®@uioreHeH aHaiu3, 3a Ja BU3YaJU3UPAT MPOTEUHOBUTE
JBOMKM C HaW-HUCKO €BOJIIOIIMOHHO pa3ctosinue. 3) IloagpaBHsBaHe Ha
MOCJIEIOBATETHOCTUTE HA Hal-OMM3KUTE NBOMKHM 4oBelmKd U SARS-2 mportennw,
KaTo C€ M3MOJ3BAT Pe3yiTaTuTe OT (PUIOT€HETUYHOTO IbPBO, 32 Ja Ce U3MEpHU
TEXHUAT NPOLEHT HA CTPYKTYPHO CXOACTBO. 4) Busyaimszanus um aHanu3 Ha
pe3yaTaTure.

PesynraTture OT M3ClEeIBaHETO CE€ aHAJIU3HUPAT MO OTHOILIEHHE HA MPOLIEHTAa Ha
UJEHTUYHOCT Mex Ay YoBemku U SARS-2 nporenHoBu nBoiiku. O000IIEHHETO Ha
pe3yaTaTUTE MOKa3Ba, Y€ MPOLUEHTHT HAa UJACHTUYHOCT MEXAY YOBEIIKH U SARS-2
NPOTEMHOBU JBOMKHM Bapupa B auarnasoHa ot 7,6 % no 23,6 %. Crenenra Ha
cxonctBo Bapupa mMexnay 8,5 % u 35,4 %. IlporenHoBaTta ABOlKa C Hal-BUCOK
pe3yaTar 3a WIAEHTUYHOCT M CXOJCTBO CE€ CBCTOM OT MPOTEHMHH C MO-KbCH
IIOCJIEA0BATEIHOCTH.



https://doi.org/10.1063/5.0100629
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INPUHOCH:

1. IIpennoxkena e paboTHa paMKa 3a aHAIM3 Ha CTPYKTYPHOTO CXOJCTBO Ha
SARS-CoV-2 n yoBenku NpoTENHH.

2. Cw3nanen e paboTeH mpoliec MOKpHUBAI BCUUKU (paza Ha KOHBeWepa 3a aHaIu3
Ha CTPYKTYpHOTO ¢x0AcTBO HA SARS-CoV-2 1 4OBEIIKM MPOTEUHMU.

3. PaGotocnocobHOCTTa Ha mpenokeHaTa pabOTHA paMKa 3a aHaIW3 Ha
CTpYKTYypHOTO cXoAcTBO Ha SARS-CoV-2 W 4YoBEeWIKM NPOTEHHH €
BepuduIMpaHa W BalugupaHa Ha Oazara Ha MHOXECTBO NPOBEIACHU
€KCIIEPUMEHTH € Pa3JIMYHA FT€HOMHH JIaHHH.

VII. D.Ivanova, V. Kadurin, A new proposed software development methodology
for healthcare industry, AIP Conference Proceedings 2333, 030010 (2021);
https://doi.org/10.1063/5.0042261; Scopus - Document details - A new
proposed software development methodology for healthcare industry; A New
Proposed Software Development Methodology for Healthcare Industry-Web
of Science Core Collection

JIMruTanu3upaHeTo Ha 3APAaBHUTE CUCTEMU M IPOLECU € OT ChLIECTBEHO
3HaYeHHWe 3a MOBUIIaBaHE Ha OE30MacHOCTTa Ha MAIlMEeHTUTE U HaMallsiBaHE Ha
MEIULIMHCKUTE rpemkd. KoMmruiekcHara JIoruka Ha 3/1paBeoa3BaHETO U HyJEBaTa
TOJIEPAHTHOCT KbM TPEIIKA H3UCKBAT CIECLUAIHU IPOLECU 3a Cbh3JaBaHE Ha
MeaUIMHCKH codryep. Llenta Ha Ta3u cratus € Aa nogueprac U pa3BUe OCHOBHUTE
Pa3IMKU MEXAY BCUYKHA 3HAYMMHU M I[IUPOKO U3IOJ3BAHU METOLOJIOTMM 3a
pa3paboTka Ha coTyep, Thil KaTO BCHUUKM T€ MMAaT CBOMTE IOJIE3HU CBOWCTBA U
HEJOCTaThLM B pa3MyHU cuTyanuu. B cratusta e oOcbaeHa oOmara
U3I0JI3BAEMOCT HAa METOHOJIOTMUTE, BKJIFOYUTEIHO OIMCAHME HA TOBA, KaK ce
IIOCTUr'a KyJITypa, HEIPEKbCHATA UHTErpallUs U JOCTAaBKa C BCAKA €/1HA OT TAX.

VYcnemHoTo BHeApsBaHE Ha 3ApaBeH copTyep € TpydHa 3ajada Iopaau
€CTECTBOTO Ha JAoMeiHa. To nMa cBOMCTBA U (PYHKIIMU, KOUTO €4 MHOTO Pa3IMYHU
OT Bceku Apyr codryepeH mnpoaykr. [lpe3 mocnenHure aBe AeceTHIIETHS,
MPWIOKEHUSTA 32 3/[paBeONa3BaHe U U3IOJI3BAaHETO Ha MH()OPMALIMOHHHU CUCTEMH B
3/paBHaTa MHIYyCTpHUsl HapacHaxa O0bp30. OCHOBHATA L] HAa TE3U MPUIIOKEHUS €
10/100psIBAHETO HAa KAYECTBOTO HA MEIUIIMHCKATA MIOMOIIl U yCIIyTa.
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B Ta3u crarus e npensiokeHa HOBa METOJI0JIOTHS 3a pa3paboTka Ha copTyep 3a
3npaBeonaszBaHeTo. T BkiouBa 4 oTaenHu (a3v, KOUTO Ca U3IBIHSABAT CE
MOCJIEIOBATEIHO, HO UMAT BbTPEIIHN UTEPATUBHU MOJIeNU — 1) milaH 3a aHau3, 2)
apXUTEKTYypa, 3) pazpaboTka, 4) BaauaupaHe 1 npoBepka. ToBa HOCH NpeIMMCTBATA
KaKTO Ha BOJIOMNAJHUS, TaKa M HA I'bBKaBHUS MOAXOJ. T03M KOMOMHHMpAH MOJXO]
OTroBaps CHELUATHO Ha HYKJIUTE Ha CJIOXHaTa cepa Ha 3ApaBEONa3BaHETO.

IMPUHOCHU:

1. V3BBpIeH € aHAIM3 HAa HAaydyHATa MPOAYKITUS, CBbp3aHa ChC CbBPEMCHHUTE
MOCTHKCHHSI B 00J71aCTTa Ha COPTYEPHOTO HHKEHEPCTBO U METOIOJIOTUUTE 32
pa3paboTka Ha cod)Tyep upe3 IpujaraHe Ha OUOIMOMETPUYECH MOJXOa U
CUCTEMaTHUCH JINTEPATypeH 0030p.

2. llpennmokeHa € HOBa MeETONOJIOTHS 3a pa3paboTka Ha codTyep B
3/paBeona3BaHeTo, BKItouBamia 4 oTAeaHu (a3u, KOUTO C€ HU3IMbJIHSIBAT
MOCJIEIOBATETHO, HO WMAaT W BHTPCITHU WTEPATHBHU MOJCIH - IUIaH 3a
aHaJn3, apXUTEKTypa, pa3padoTKa, BaTuAUpaHE U IPOBEPKA.

INPUHOCH ot HayyHa ny0oJIuKAINA B U3TaHUS, KOUTO ¢a pedpepupanu u
HMHICKCHPAHU B CBETOBHOU3BECTHH 0a31 JAHHU ¢ HAVYHA HHPopMaAIIUdA

(Web of Science u Scopus), H3BbH Xa0WJINTAINMOHHUSA TPVA 32 IPyHa OT
IHHOKA3ATEJIU I

Cratuute ot Komruiekta nokymentu [, [2, I3, I'4, I'5 ca cBbp3aHu CbC
CHbBPEMEHHUTE TIOCTMIXKEHUSI B U3MOJI3BAHETO HAa IMGPOBU TEXHOJOTUU 32
MHTEPAKTUBHO MPEACTaBIHE Ha OBJITAPCKOTO KYJATYPHOUCTOPUYECKO HACIEICTBO U
no-koHKpeTHo: UI/UX ouzaiin, npoepamupanemo 3a MOOUTHU YCMPOUCMBA U
Cb30aBaHemo HaA aMpaKmueHu MOOUTHU NPUTIONCEHUS] 8 C8emd HA KYIMYPHO-
UCMOPUYECKOMO HACTIEOCMBO.

INPUHOCH
1. IpennoxeH e KOHIENTyaJleH MOAeN ,,BupTyaneH miomaa Ha ObJIrapcKoTo
KYJITYPHO-UCTOPUYECKO HACIIEACTBO" .
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2. Cb3pmajeH € CleHapUAT 32 BUPTYaIHU OOWKOJIKY BbB BUPTYaTHUS IO
¢ aBTOOYC ,,Hop on, hop off" 3a UHTEpaKTUBHO MPEJICTaBsIHE HA OBJITapc-
KOTO KYJITYpHO-UCTOPHUYECKO HACIEACTBO C M3MOJ3BaHE HAa MOACPHH -
TUTATHU TEXHOJIOTUU C BUPTYyaliHA U 100aBeHa PEATHOCT.

3. TlpemnoxkeH e METOMOJIOTMYEH TPOLIeC Ha pa3padoTKa Ha MOOUITHU MPUJIIO-
KEHHsI, OTpa3sBalku MPEIU3BUKATEICTBAaTAa U Hail-mOOpUTE MPAKTHKU B
oOnacrra.

4. TlpennoxeHa € apXUTEKTypa HA MOOWITHO MPHUJIOKEHUE 32 NMHTEPAKTUBHO
npeacTaBsHEe Ha OBJITAPCKOTO KYATYPHO UCTOPHUUECKO HACTIEICTRO.

5. Pa3zpaboTteHo € MOOMITHO MPUIIOKEHHE 32 OBITaPCKOTO KYJITYPHO UCTOPH-
YEeCKO HACJIEICTBO C UTPOBU3AIUS U T€OMO3UIIMOHUPAHE, KOSTO Mpeasiara
Ha MOTPEOUTENIMTE UHTEPAKTUBEH U yI00E€H HAUYMH Ja OTKPUBAT U OTO3Ha-
BaT Oorarara UCTOpUS U KylTypa Ha bwirapus.

6. M3BppuieH € aHanu3 Ha Hay4yHara NpOAYKLMs, CBbP3aHa CbC ChbBPEMEH-
HUTE ocTkeHus B oonactra Ha Ul/UX nuzaiin ype3 npuiiarane Ha Ouo-
JUOMETPHUYEH TOAXO U CUCTEMATUYCH JIUTEPaTypeH 0030p.

7. IlpennoxeHa e cTparerus 3a U3MoJI3BaeMOCT U HACOKH 3a pa3BUTHUE Ha yeo
HopTal 3a ObArapcKOTO KyJATYPHO U UCTOPUUECKO HACIIENICTBO.

8. IlpennoxkeH € XUOPUIHUAT MOAXOA, KOMTO ChueTaBa JOKa3aHH U pabdo-
TEII METOJOJIOTUH U MHOBATUBHU MPOIECH, (HOKyCHpaHHU BbPXY TU3AH,
OpUEHTHPaH KbM MOTPEOUTES.

9. Ilpemnoxkena e MHOBAaTMBHA paMKa, OpUEHTHUpPaHa KbM IMOTpeOUuTens, 3a
pa3paboTka Ha copTyep 3a MUHTEPAKTUBHO TMPENCTABSHE HA OBITAPCKOTO
KyATYPHO-UCTOPHYECKO HACTIEICTRO.

[IpencraBenute cratuu 16 u I'7 ca CBbp3aHU ¢ U3CieIBaHUs B 00JacTTa Ha
ekocrucremara IHTepHET Ha Hellara, aHaJIn3a Ha TOJIEMHU TaHHU M MPUJIATaHETO Ha
Ha METOJIMTE HA U3KYCTBECHUS MHTENEKT. [[pyHOCHTE ca KakTo cleaBa:

IMPUHOCH
1. IlpensnioxkeHa € paMka U apXUTEKTypa Ha MHTEIUTCHTHA CUCTEMa 3a
OLIEHKA 1 MOHUTOPUHI Ha KAYE€CTBOTO Ha Bb3/1yXa B ekocucremara MoT.
2. Cb3pmajeH e NpOoTrHO3€H MOJIEN ¢ MalllMHHO 00y4yeHue, 6a3upaH Ha MHO-
TOCJIOEH MEPLENTPOH 3a OIIEHKA KaueCTBOTO Ha Bb3/1yXa.
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3.

Pa3zpaboten e rpadguueH naTepdeiic Ha MHTEIUTEHTHATA CUCTEMa, KO-
UTO J1a TIPEJOCTaBs BH3MOKHOCT Ha MOTpPEOHUTENHUTE Ja HaOtomxaBar
MIPOTHO3WPAHUTE CTOMHOCTH 3a KQ4€CTBOTO HAa Bh3IyXa.

[Ipennoxkena e XxuOpuIHa KOHIIENITYyaTHa paMKa Ha B3aUMOJICHCTBUETO
MEX]Iy CHCTEeMHUTE 32 KOHTPOJI Ha YIIPABICHUETO U aHAIIM3a Ha TOJIEMHU
JaHHU, KOSTO TO3BOJIIBA YCIENIHO TOCTHUTAHE Ha CTPATETHYCCKUTE
eI Ha KOMITAaHUATA M OIICHKA Ha BIIMSIHHETO BHPXY YETHPHUTE JIOCTA
3a KOHTPOIL.

IHPUHOCH ot HayyHa myOauKanusi B M3AaHNE ¢ UMIIAKT (pakTop
(IF na Web of Science) n/wiaun ¢ umnakt panr (SJR na Scopus),

3a rpyna ot IIOKA3ATEJIA 3

Cratuute OT KOMIUIEKTA JOKYMEHTH 3/, 32 u 33 ca CBBP3aHU ChC CUTYPHOCTTA
Ha exocucTeMara loT, Ham-HOBUTE TeHaeHIMH B T 1 Hali-HOBUTE NOCTHIXKEHUS HA
HayKara B MOJKpPENa Ha MEPCOHANIN3NpAHATa MEAUIINHA 32 OLICHKA Ha PUCKa OT paK
Ha I'bpJIaTa U aHaJM3 HA TOJIEMU T€HOMHM JaHHU. [[ppHOCHUTE ca KaKTo cielBa:

INPUHOCH

1.

2.

[IpensioxkeH € KOHLENTYaIHUST MOJIEN Ha MJIaT(opMa 3a UHTEITUT€HTHU
peleHns 3a CUTYpHOCT B ekocucremara loT.

Cp3naneHa e KoHLENTyallHa copTyepHa apXUTEKTypa Ha MHTEJIMTEHTHA
CUCTEMa 32 OTKPMBAHE HAa aTaKu M3rpajJieHa OT JIBe ceKuuu: 1) 3a
MalmuHHO oO0yyeHue (ML) u 2) oneparuBHa cekuusi.

[Ipenyoxken € Moaxon 3a U3rpaK/IaHe Ha MapajeaHu audepeHupaHu
JUArHOCTUYHO aHAJUTUYHHU PaOOTHHU MOTOLM 3a Ka3yca Ha OTKPUBAHE
Ha MIPOHUKBAHUS U aTaKu.

HampaBena e Bepudukanus © BaIugauus Ha MOpPeIOKEeHATa
MHTEJIUTeHTHA CHCTeMa Ha 0a3ara Ha MHOXXECTBO E€KCIEPHUMEHTH 3a
Ka3zyca Ha JUarHOCTHKATA.

[Ipennoxkena e knacugukanusTa Ha PUCKOBUTE (PAKTOpU 3a paK Ha
rbpAara U HATMYHUTE MOJEJIM U MHCTPYMEHTH 3a OLIEHKA Ha pUCKa.
Pa3paborenn ca Mozmenu 3a OllEHKAa Ha pUCKa OT pak Ha T'bpjara.
Co3nanen e OwouHdpopMmaruyeH paOOTEH MPOIEC 3a OTKPUBAaHE Ha
3Hanusa oT gaHHu (KDD) 3a olieHka Ha pucka OT pak Ha I'bpiara u
OTMpeJeNsiHE Ha TUIIA PUCK: BUCOK, IIOBUILIEH U HUCHK PUCK.
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Pe3romeTra Ha HaydHUTE TPYAOBE M MIPUHOCHUTE HA AOIL. I-p MHXK. [ecucnaBa AHTOHOBa MIBaHOBa

7. HampaBeHa e BepuduKaris 1 BaJuIanus Ha pa3paO0OTCHUTE MOACIN U
npeIoKeHus: OnonH(popMaTudeH pabOTEH MPOIIEC 3a OLEHKA Ha pUCKa
OT paK Ha rbpAaTa Ha 0Oa3zara Ha EKCIEPUMEHTAHU H3CJICIBAHUS.
[TonyuenuTte pesyarartu ¢ TOUHOCT 10 93% mpu OlleHKaTa OT PUCKa OT
paKk Ha TbpaaTa J0Ka3BaT KOHKYPEHTHOCTTa Ha MPEAJIOKCHHUTE
pEIICHUS.

8. IlpemnokeHa e MHTEIMTEHTEH METO 32 aIalTHUBHO 1n silico OTKpuBaHe
Ha 3HaHUs, 0a3upaH HAa aHAJIN3 Ha TOJIEeMH TeHOMHU JIaHHHU.

9. IlpennoxkeHa e apxUTEKTypa Ha copTyepHaTa cucTeMa, u3rpajaeHa Ha
6a3aTa Ha MeTOJ1a.

10.HampaBena e Bepudukanus U Badujalus Ha METOJa 3a Ka3yCH Ha
paboOTHU MpouecH 3a Ju(depeHIrpaH ONUCATEIECH aHAIN3 32 OTKPUBAHE
U KapTorpadupaHe Ha MPOKAPUOTHU M €yKaApUOTHH T€HU U PabOTHU
npolecu 3a audepeHIrpal IUarHOCTUYCH aHaIW3 3a OTKpPHBAaHE Ha
reHHa MyTallus, CBbp3aHa ¢ paK Ha r'bpjaTa.
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APPROACHES, METHODS AND ALGORITHMS FOR ANALYSIS OF BIG
BIOMEDICAL DATA IN SUPPORT OF PRECISION MEDICINE USING
ARTIFICIAL INTELLIGENCE

In recent years, leading scientists, researchers, and analysts point to Big Data
as a revolution in scientific research and one of the most promising trends in I'T. This
gave impetus to the intensive development of methods and technologies for
processing big data sets in recent years and led to radical changes in scientific
research paradigms.

On a global scale, intensive progress in ICT has led to the accumulation and
storage of big data sets, generally with low information density, which are becoming
the main source of knowledge. The new research paradigm "Data-Intensive-
Scientific-Discovery" (DISD) is radically changing the way we conduct experiments
and discover knowledge. Instead of planning the experiment and then analyzing the
data, in the new paradigm, the accumulated big arrays of data are subjected to
analysis that looks for significant correlations and applies innovative methods to
discover new knowledge. Applying this radical new approach to conducting
scientific research is extremely useful for the analysis of big biomedical data in
support of precision medicine, with high added value for society and our health.

Precision medicine is one of the hottest topics today and involves the
diagnosis and treatment of diseases that consider the individual's genetic profile, the
environment specifics, and the individual lifestyle. Knowledge data discovery

—
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(KDD) is critical to the identification of complex DNA abnormalities associated with
genetic diseases and cancer. The capacity of DNA databases has grown
exponentially over the past decade. Precision medicine starts with genomics and
relies on 'omics' platforms to analyse and interpret big data, as well as new methods
and tools for big data analytics using artificial intelligence.

[. D. Ivanova, Proactive Intelligent System for Early Detection of Thyroid
Anomalies, AIP Conference Proceedings 2505, 020002 (2022), ISBN 978-

073544396-9, https://doi.org/10.1063/5.0100631; Scopus - Document details
- Proactive Intelligent System for Early Detection of Thyroid Anomalies

The rapid development of computer and software sciences affects all spheres
of life, including the field of medicine and healthcare. Early diagnosis of diseases
and personalized therapy require the use of modern information technologies and
artificial intelligence to support doctors in decision-making.

The paper proposes a system architecture and solution of a proactive
intelligent system that is designed for early diagnosis of thyroid diseases. The system
1s based on artificial intelligence methods and algorithms to analyse large biomedical
data for the early detection of thyroid abnormalities and personalized therapy.

The proactive system provides an opportunity for 1) Risk evaluation of the
thyroid disease, through the developed scoring module (scoring module), which
consists of Zulevsky's model for evaluating the state of the thyroid gland after
passing through COVID-19. 2) Predictive diagnosis of the state of the thyroid gland
from the functional disorders module. In this module of the system, an algorithm has
been developed for the data analysis from blood tests, giving a prediction of the
functional state of the thyroid gland. 3) Predictive diagnosis of the state of the thyroid
gland from the structural disorders module. This system module uses an artificial
intelligence algorithm for detection of structural abnormalities of the thyroid gland
from the analysis of big biomedical data of ultrasound examinations.

The three levels of the proactive intelligent system provide the ability to
predict functional and structural abnormalities of the thyroid gland along with
predicting the risk of thyroid disease.

In Bulgaria, the percentage of patients with thyroid abnormalities is one and
a half million, together with the fact that the number of medical specialists is
decreasing, these are reasons to pave the way for the design and development of the
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proposed proactive intelligent system. The development process of the proposed
proactive intelligent system requires interdisciplinary work combining IT expertise
and medical competencies.

CONTRIBUTIONS:

1. An analysis of the scientific output related to modern achievements in the
fields of informatics, big data and precision medicine was carried out by
applying a bibliometric approach and a systematic literature review.

2. The functional requirements, algorithms, and artificial intelligence models
of a proactive system for early diagnosis and detection of thyroid gland
abnormalities are developed.

3. A system architecture of a proactive intelligent system for early diagnosis
of thyroid gland abnormalities is proposed.

I1.  D.lIvanova, Artificial Intelligence in Internet of Medical Imaging Things: The
Power of Thyroid Cancer Detection, IEEE, 28 October 2018, International
Conference  on  Information  Technologies  (InfoTech), 2018,
https://1eeexplore.ieee.org/ document/8510725, DOI1:10.1109/InfoTech.2018.
8510725; Scopus - Document details - Artificial intelligence in internet of

medical imaging things: The power of thyroid cancer detection

The development of informatics and computer science is at the heart of the
global change of the information environment, health care and industrial
development worldwide. The Internet of Things (IoT) is blurring the line between
real and virtual environments. It is not only a tool to develop the new digital world,
but also a tool to develop a future society of shared knowledge through millions of
connected devices. These new devices not only help us understand more about our
health, but also collect big data from ourselves.

The Internet of medical Things (IoMT) and Big Data are two areas that can
revolutionize medical research. At the core of these trends is artificial intelligence
(AI), which adds value to medicine.

The paper proposes an artificial intelligence-based approach for thyroid
cancer detection in Internet of Medical Imaging Things (IoMIT) ecosystem.
Ultrasound imaging collected in the IoMIT ecosystem is the best way to diagnose
thyroid cancer. Image segmentation and detection of benign and malignant thyroid
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nodules is an important part of the proposed approach. It is implemented in an
Apache Spark environment using the MLIib machine learning library based on
Convolutional Neural Networks (CNN).

CONTRIBUTIONS:

1. An analysis of the scientific production related to modern achievements in
the fields of the Internet of medical Things and imaging diagnostics was
carried out by applying a bibliometric approach and a systematic literature
review.

2. An approach for thyroid cancer detection based on analysis and anomaly
detection of ultrasound medical images in Internet of Things ecosystem is
proposed.

3. The proposed approach is verified and validated based on program
implementation and simulation experiments in an Apache Spark
environment using the machine learning library MLIib and using
convolutional neural networks (CNN).

III. D. Ivanova, P. Borovska, S. Zahov, Development of PaaS using AWS and
Terraform for medical imaging analytics, AIP Conference Proceedings 2048,
060018 (2018); https://doi.org/10.1063/1.5082133; Scopus - Document
details - Development of PaaS using AWS and Terraform for medical imaging
analytics; Development of PaaS using AWS and Terraform for medical
imaging analytics-Web of Science Core Collection

The paper presents the concept and current advances in cloud computing
architectures, models, and services. The goal is to develop a cloud architecture and
to present how a secure, fast and powerful cloud computing environment can be built
in an easy and economical way to serve as a final product. For this purpose, a cloud
environment is created by using a new, modern, and evolving approach,
Infrastructure as Code (IaC) by writing Terraform code with the corresponding cloud
source, AWS "Amazon Web Services". The developed cloud infrastructure will
provide a PaaS (Platform as a Service) for medical image analytics and will support
all necessary software tools and packages.
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CONTRIBUTIONS:

1. An analysis of the scientific output related to modern achievements in the
fields of cloud technologies and services was carried out by applying a
bibliometric approach and a systematic literature review.

2. A new and modern approach to building computing cloud environments
using infrastructure as a code (IaC), Terraform code with the
corresponding cloud source, AWS "Amazon Web Services" is proposed.

3. A cloud architecture based on the proposed new approach is designed.

4. A Platform as a service "PaaS" has been developed for the analysis of
medical images.

IV. D. Ivanova, V. Zlatanov, Anomaly detection of thyroid hormones disorder
based on machine learning, AIP Conference Proceedings 2505, 020003

(2022); https://doi.org/10.1063/5.0100632; Scopus - Document details -
Anomaly Detection of Thyroid Hormones Disorder Based on Machine

Learning

The paper proposes a machine learning-based approach to detect abnormalities
in thyroid hormone disorders and abnormalities in the structure of thyroid gland. The
proposed approach is a combination of two different steps — blood test analysis and
ultrasound image classification.

The first step of the approach is the blood analysis for hormonal disorders. It
consists of two phases — a pre-processing phase and a machine learning phase.
Responsibilities of the pre-processing phase include data filtering, cleaning, and
partitioning, as well as feature selection. During the machine learning phase,
learning, classification, and prediction processes take place. The purpose of this
module is to provide early-stage monitoring of a patient using a blood test. Test
results are manually uploaded into the system and then classified into one of three
output categories — normal, hyperthyroidism and hypothyroidism. In this case, the
core of this phase is the Naive Bayes algorithm.

The second step of the approach is an ultrasound image analysis of the thyroid
gland to detect abnormalities. Like blood test analysis, an approach is applied that
includes pre-processing and a machine learning phase. In the pre-processing step,
the dataset of ultrasound images is uploaded to the system and the pixel data of each
image 1s extracted. Then follows the bottleneck phase, in which the pixel values of
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the images are used as input to the frozen layers of the model. The output values of
this process are used as input for the deep neural network in the next step.

The machine learning stage is divided into two subcategories. The first is data
training, where images are classified into five predefined EU-TIRADS categories.
This is done using the ResNet-50 residual deep neural network integrated into the
ML.NET framework. The dataset is divided into 80% training set and 20% test set.
The training set is used for machine training the model and the testing set evaluates
the accuracy of the trained model. The process is repeated until a good result is
achieved. At the end of this subcategory, a custom TensorFlow model is generated.
The other subcategory is the prediction phase. Its goal is to classify a new thyroid
ultrasound image (entered by the user) into one of the five categories of the trained
model. This goal is achieved by calculating the probability of a match between the
input image and each of the EU-TIRADS categories. Finally, the image 1s assigned
to the category with the highest probability of matching.

CONTRIBUTIONS:

1. A machine learning-based approach for detecting abnormalities in thyroid
hormone disorders is proposed.

2. A classifier was developed for the detection of structural abnormalities of
the thyroid gland according to the EU-TIRADS system with data from
image diagnostics based on artificial intelligence.

3. The proposed approach and classifier have been verified and validated
based on program implementation and simulation experiments in .NET
4.6.1, NET Core 2.2 and ML.NET 1.5.1 environment and using ResNet-
50 deep neural network and the algorithm of Naive Bayes.

V. D. Ivanova, B. Nenchovski, Experimental Framework and Graphical User
Interface for Research in Bioinformatics: GRAY — Gene Rapid Analysis, DOI.:
10.1109/InfoTech49733.2020.9210973, Conference: 2020 International
Conference on Information Technologies (InfoTech),
https://ieeexplore.ieee.org/document/9210973; Scopus - Document details -

Experimental Framework and Graphical User Interface for Research in
Bioinformatics: GRAY - Gene Rapid Analysis
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The focus of this paper is on the numerical representation of gene data in
bioinformatics. The benefits of using deep learning are presented, which are related
to the fact that this type of algorithms complement DNA analysis, as they take into
account individual variability in genes and can help in the treatment and prevention
of diseases by determining the genetic predisposition to diseases.

The paper shows the process of creating a simple and convenient graphical user
interface (GUI) that provides access to public biological databases, allowing the user
to edit the data and analyze it with machine learning algorithms without requiring
programming knowledge or specialized hardware.

Modern software libraries and the best programming practices are used to design
the architecture and create the GUI.

Thus, the proposed experimental framework and graphical interface is aimed at
researchers working with gene sequences and their analysis. The development
presented in the paper offers an open-source software product "GRAY - Gene Rapid
AnalYsis".

This paper presents an experimental framework based on artificial neural
networks such as the multilayer perceptron for the purpose of gene classification and
analysis. It aims to reduce the time required to train such a network, in addition to
lowering the hardware requirements for its virtualization without sacrificing
accuracy.

CONTRIBUTIONS:

1. A framework for analyzing genomic data with artificial intelligence is
proposed.

2. An easy and convenient graphical user interface has been created that
provides access to public biological databases and subsequent analysis
with machine learning algorithms, without requiring programming
knowledge or specialized hardware.

3. Open-source software “GRAY - Gene Rapid AnalYsis” is developed for
the big genomic data analytics.

4. The functionality of the proposed software product "GRAY" has been
verified and validated based on experiments with different genomic data.
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VI. D. Ivanova, J. Staeva, Structural Similarity Analysis of SARS-CoV-2 and
Human Proteins, AIP Conference Proceedings 2505, 020001 (2022);
https://doi.org/10.1063/5.0100629; Scopus - Document details - Structural
Similarity Analysis of SARS-CoV-2 and Human Proteins

The purpose of this paper is to provide the structural similarity analysis of SARS-
CoV-2 and human proteins. For this purpose, an experimental framework based on
multiple innovative bioinformatics platforms is proposed.

This experiment aims to determine which human and SARS-2 proteins have the
highest percentage of structural similarity and to measure this percentage. To
accomplish this task, it is proposed a rather unconventional workflow in four phases:
1) Selection of a suitable database that contains human and SARS-2 proteins. 2)
Phylogeny analysis to visualize the protein pairs with the lowest evolutionary
distance. 3) Sequence alignment of the closest pairs of human and SARS-2 proteins
using the phylogenetic tree results to measure their percent structural similarity. 4)
Visualization and analysis of the results.

The results of the study are analysed in terms of the percentage of identity
between human and SARS-2 protein pairs. The summary results show that the
percentage of identity between human and SARS-2 protein pairs ranges from 7.6%
to 23.6%. The degree of similarity varies between 8.5 % and 35.4 %. The protein
pair with the highest identity and similarity score consists of proteins with shorter
sequences.

CONTRIBUTIONS:

1. A framework for structural similarity analysis of SARS-CoV-2 and human
proteins is proposed.

2. A workflow covering all phases of the pipeline for structural similarity
analysis of SARS-CoV-2 and human proteins is established.

3. The performance of the proposed framework for analyzing the structural
similarity of SARS-CoV-2 and human proteins has been verified and
validated based on numerous experiments conducted with different
genomic data.
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VII. D.Ivanova, V. Kadurin, A new proposed software development methodology
for healthcare industry, AIP Conference Proceedings 2333, 030010 (2021);
https://doi.org/10.1063/5.0042261; Scopus - Document details - A new
proposed software development methodology for healthcare industry; A New
Proposed Software Development Methodology for Healthcare Industry-Web
of Science Core Collection

Digitizing healthcare systems and processes is essential to increase patient safety
and reduce medical errors. The complex logic of healthcare and zero tolerance for
errors requires special processes to create medical software. The purpose of this
paper is to highlight and develop the main differences between all the significant and
widely used software development methodologies, as they all have their useful
properties and drawbacks in different situations. The paper discusses the general
usability of the methodologies, including a description of how culture, continuous
integration, and delivery are achieved with each one.

Successful implementation of healthcare software is a difficult task due to the
nature of the domain. It has properties and functions that are very different from any
other software product. Over the past two decades, healthcare applications and the
use of information systems in the healthcare industry have grown rapidly. The main
purpose of these applications is to improve the quality of medical care and service.

This paper proposes a new methodology for healthcare software development. It
includes 4 distinct phases that are executed sequentially but have internal iterative
patterns — 1) analysis plan, 2) architecture, 3) development, 4) validation and
verification. This brings the benefits of both the waterfall and agile approaches. This
combined approach specifically addresses the needs of the complex healthcare field.

CONTRIBUTIONS:

1. An analysis of the scientific output related to modern achievements in the
field of software engineering and software development methodologies
was carried out by applying a bibliometric approach and a systematic
literature review.

2. A new healthcare software development methodology is proposed,
including 4 separate phases that are executed sequentially, but also have
internal iterative models - analysis plan, architecture, development,
validation, and verification.
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CONTRIBUTIONS from scientific publications that are referenced and

indexed in world-renowned databases of scientific information (Web of

Science and Scopus), outside of the habilitation work for a group of

INDICATORS I'

The paper from the set of documents I'l, 2, I'3, T4, I'S are related to the modern

achievements in the use of digital technologies for the interactive presentation of the
Bulgarian cultural and historical heritage and more specifically: UI/UX design,
programming for mobile devices and the creation of attractive mobile applications
in the world of cultural and historical heritage.

CONTRIBUTIONS:

l.

A conceptual model "Virtual plazza of the Bulgarian cultural and historical
heritage" is proposed.

The scenario for virtual tours in the virtual plazza with a "Hop on, hop off"
bus was created for an interactive presentation of the Bulgarian cultural
and historical heritage using modern digital technologies with virtual and
augmented reality.

. A methodological process of mobile application development is proposed,

reflecting the challenges and best practices in the field.
An architecture of a mobile application for interactive presentation of the
Bulgarian cultural and historical heritage is proposed.

. Amobile application for the Bulgarian cultural and historical heritage with

gamification and geolocation has been developed, which offers users an
interactive and convenient way to discover and get to know the rich history
and culture of Bulgaria.

An analysis of the scientific production related to modern achievements in
the field of UI/UX design was carried out by applying a bibliometric
approach and a systematic literature review.

A usability strategy and guidelines for the development of a web portal for
the Bulgarian cultural and historical heritage are proposed.

. The hybrid approach is proposed, which combines proven and working

methodologies and innovative processes focused on user-centered design.
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9. An innovative user-oriented framework for the software development for
the interactive presentation of the Bulgarian cultural and historical heritage
is proposed.

The presented papers I'6 and I'7 are related to research in the field of the Internet
of Things ecosystem, Big Data Analytics, and the application of Artificial
Intelligence methods. Contributions can be formulated as follows:

CONTRIBUTIONS:

1. A framework and architecture of an intelligent air quality assessment and
monitoring system in [oT ecosystem is proposed.

2. Apredictive model with machine learning based on multi-layer perceptron
1s created for air quality assessment.

3. A graphical user interface of the intelligent system has been developed to
allow users to monitor the predicted air quality values.

4. A hybrid conceptual framework of the interaction between management
control systems and big data analysis is proposed, which enables the
successful achievement of the company's strategic goals and the
assessment of the impact on the fourth levers of control.

CONTRIBUTIONS of a scientific publication with an impact factor (IF on
Web of Science) and/or with an impact rank (SJR on Scopus), for a group of
INDICATORS 3

The papers in the document set 31, 32 and 33 are related to the security of the
[oT ecosystem, the latest trends in IT and the latest advances in science in support
of personalized medicine for breast cancer risk assessment and big genomic data
analysis. The contributions are as follows:

CONTRIBUTIONS
1. The conceptual model of a platform for intelligent security solutions in the
[oT ecosystem is proposed.
2. A conceptual software architecture of an intelligent attack detection system
is created, consisting of two sections: 1) for machine learning (ML) and 2)
operational section.
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3. An approach for building parallel differentiated diagnostic analytical
workflows for the case of intrusion and attack detection is proposed.

4. Verification and validation of the proposed intelligent system is done based
on a set of experiments for the diagnosis case.

5. The classification of breast cancer risk factors and the available risk
assessment models and tools are proposed.

6. Breast cancer risk assessment models have been developed. A knowledge
data discovery (KDD) bioinformatics workflow is established to assess
breast cancer risk and determine risk type: high, elevated, and low risk.

7. Verification and validation of the developed models and the proposed
bioinformatic workflow for breast cancer risk assessment based on
experimental studies is done. The results obtained with an accuracy of up
to 93% in the risk assessment of breast cancer prove the competitiveness
of the proposed solutions.

8. An intelligent method for adaptive in silico knowledge discovery based on
big genomic data analysis is proposed.

9. An architecture of the software system built based on the proposed method
1s designed.

10. Verification and validation of the proposed method is done for the case
studies of differential descriptive analysis workflows for prokaryotic and
eukaryotic gene discovery and mapping and differential diagnostic
analysis workflows for breast cancer-associated gene mutation detection
are performed.
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