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Myopux I.51. ABTOMaTu30BaH1 CUCTEMH JA1aTHOCTYBAHHS CTaHy Malll€HTIB, XBOPUX
Ha eceHIllaapHui Tpemop. — KBamidikariiina HaykoBa Iparisl Ha MpaBax PyKOIHCY.

Hucepraitiss Ha 3700yTTS HAyKOBOro CTymleHs JokTopa (dimocodii 3a
cnemianbHicTiIoO 121 - Imkenepiss mporpamHoro 3abe3meueHHs. - TepHOMUTbCHKUIA
HalllOHAJIbHUM TeXHIYHUHN yHIBepcuTeT iMeHi IBana Ilymros, Tepuonins, 2021.

[TinroToBka 311iicHIOBaIaCh Ha Kadeapi mporpaMHoi iHKeHepii TepHomiIbChKOro
HAI[IOHAJILHOTO TEXHIYHOTO yHiBepcuteTy iMeHi IBana [lymios MinicTepcTBa OCBITH 1
HAyKHd Y KpaiHH.

HucepramiitHa poboTa € KOMIUIEKCHUM JOCHIDKEHHSM TEOPETHYHHUX Ta
MPAKTUYHUX MPOOJIeM, MPUCBSIYEHUX aBTOMATU3AIllT MPOIIECIB [1IarHOCTYBAHHSI CTaHy
NAIlEHTIB 3 TMPOSIBAMH ECEHIIAJIbHOTO TpeMopy KiHIiBOK. CywacHa po3pobOka €
aKTYaJIbHOIO Il MEAMYHUX 3aKJIaJiB Ta JIabopaTopii, 10 3aiiMaroThCsl MpoOIeMaMu
HEBPAITIYHOTO XapaKTepy: TPEMTIHHS KIHIIIBOK, €CEHIIaJbHOTO TPEMOpPY, XBOpoOu
[Tapkincona Ta 1HIII.

Mertoro aucepTalliitHoi poOOTH € po3poOKa arnapaTHO-MPOTPAMHOTO KOMILIEKCY
JUTSI TEXHOJIOT1T aBTOMAaTU30BaHO1 J1arHOCTUKH 3aXBOPIOBAHHS €CEHITIaIbHUN TPEMOD,
B SKI1  BHKOPHUCTOBYIOTHCS  JOCHIJDKYBaHI ~ METOIM  MaTEeMaTUYHOrO  Ta
KOMIT FOTEPU30BAHOTO MOJICTIOBaHHS JUIsi 0OpoOKu BXimHOI 1H(OpMaIi (IaHuX)
3TiTHO PO3POOJICHMX MATEeMaTHYHUX MOJEJIe Ta MPOrpaMOBaHUX aJITOPHUTMIB.
bibmoTexka anropuT™MIB Ta MPUKIATHE MNpOTrpaMHE 3a0e3MeYeHHS MOXYThb OyTH
BUKOPHUCTaH1 JjIsi TOOYZ0BM KOMIT IOTEPHUX MojeNiel 1 Bizyami3alii pe3yJbTaTiB,
MPUIIBUALICHHS Ta 3a0€3MEYEeHHs] 3pyYHOCTI BUKOHAHHS JTOCIHIIKEHb, MOPIBHAHHS
pe3yJIbTaTiB, OI[IHKYU CTaHy MaIl€HTIB.

VY BcTyni 0OIpyHTOBAHO aKTyaIbHICTh JOCTIHKEHHS, HABEACHO 3B’ 130K POOOTH
3 HAyKOBO-JIOCIITHUMH TEMaMH, BCTaHOBIEHO METy Ta BH3HAYCHI 3aBIaHHS
JTOCITIDKCHHS, OO0 €KT Ta TpPeAMEeT JOCHIDKEHHS, HaBEJCHO IIEpPelIiK METOIIB
AOCTI/DKEHHS, 110 3aCTOCOBYBAJIMCH I JOCATHEHHS METH  PO3POOKH.
CdopmynpoBaHO HAyKOBY HOBH3HY, IPAKTHYHE 3HAYCHHS OTPUMAaHUX PE3yJIbTATIB Ta

0COOMCTHI BHECOK 3/100yBada B JIOCHIJDKEHHS MOJEJICH Ta TEXHOJOTIH, a TaKOX



peanizaliio MPUKIAAHOTO MporpamMHoro 3abesneueHHs. [lomaHo BigOMOCTI IIOAO
anpoo6arii Ta ormy0OIiKyBaHHS Pe3yJIbTaTIB AOCTIKEHHS Ta 1X MPaKTUYHE 3HAYECHHS.

Y nepmomMy po3aiii 3po0JIeHO OrJisif iICHYIOYMX PIllieHh Ta Mpalb 32 TEMOIO
JYcepTallii, mpoaHadi30BaHO CydacH! KJIIHIYHI METOJU Ta CIOCOOHW J1arHOCTYBaHHS
CTaHIB MAIlI€HTIB 3 MPOSIBAMH TPEeMOpy KiHIIIBOK. [IpoaHani3oBaHO Cy4acHH Miaxiza
HAayKH JI0 CIOCOOIB Ta TEXHOJIOT1M BU3HAUCHHS MapaMeTpiB KOJUBHHUX PYXIB, IIO
CYIPOBO/KYIOTh TPEMTIHHS KIHIIIBOK B PI3HUX KIIHIYHUX MposiBaX. Y BHIMAAKY
KOMIT IOTEPU30BAHOTO TECTY 1/€aJTbHIUM BapiaHTOM € clipaib Apximena, 1 came BOHa
3abe3reuye PpIBHOMIPDHUM TMOCTYNAJbHUM pPyX 13 CHMETPUYHUM 301IBIIECHHAM
aMIUTITY/IM BIIXWJICHHS BiJ] IICHTpA.

BaxxnmuBUM HayKOBHUM €JI€MEHTOM POOOTH € TOCIIHKEHHS HEHPO-010-cucTeM 31
3BOPOTHIM 3B’SI3KOM, IIOB’SI3aHMX 3 aHAJII30M CTaHy Ta MOBEIIHKH MAIll€EHTIB 3
o3HakaMu TpeMopy (T-00’€KkTH) il KOTHITUBHUM BIUIMBOM HEHUPOHHHMX BY3JIIB KOPHU
TOJIOBHOTO MO3KY.

Jlnst OUTbII TPYHTOBHOTO MIAXOMY JI0 JOCHIKEHHS Ta peaiizailii HeoOX1THUX
MeTo/IB  OyJI0  pO3MVIIHYTO  OCHOBHI ~ MapaMeTpu  CUCTEMH,  JOCIIIKEHO
EKCIIEPUMEHTAJIbH] JIaHl Ta CYMDKHI pO3pOOKH, MPOAHATI30BaHO ICHYIOUl €()EeKTUBHI
METOIM 1AeHTU(]IKAIlT 3aXBOPIOBAHHS TPEMOP, IIEPEBATH TA HENOMIKU KOKHOI 3 HUX.

B pesynbTaTi anamizy mpeaMeTHOi 00sacTi OyJ0 BHUpIMIEHO, IO PIIICHHS Ha
MOBUHHE CTAaHOBUTU €000 O10710TeKy NpOrpaMHUX 3aco0iB i 1HTErparii
peani3zoBaHUX KJAClB QJIFOPUTMIB Ta MoOJENEed B KOMIUIEKCHY CHUCTEMY
JIarHOCTyBaHHA. TakoX 3a 3aBAaHHS JaHOI PO3POOKH IOCTaBICHO PO3POOUTH
MEXaHI3M TECTYBaHHS Ta BIJJIArOJKEHHS pO3pOOJIOBAHOI METOAMKHU aHAJI3y JaHUX
cripani. B skocTi peanizailii 0CTaHHHOTO MOCTABJICHOTO 3aBIaHHS MOXXE BHUCTYIATH
KOMIT IOTEpU30BaHa MOJIeNib, BUKOHAHA B TakeTi po3pobku MatlLab, ta mopemtoe
MOBEAIHKY HEOOXIAHUX aJIrOpPUTMIB Ta MAaTEMAaTUYHUX MOJENEW 3a peaibHUX YMOB
BUKOpPUCTaHHA. B po0OTI IMIUVIEMEHTOBAHO €JIEMEHTH MAITMHHOTO HABYAHHS — JISI
BU3HAYEHHSI Ta YTOYHEHHs OIIHIOBAHHS CTaHy MAaIllEHTa 3TiAHO BEJIMKOi KIJIBKOCTI
3aMuciB.

[IpoBeneno anami3 mpeaMeTHOI 00JaCTi, BUSBICHO CKJIA/I0B1, XapaKTEPUCTUKHU

Ta METOJIY OTNPAIIOBAHHS JIaHUX, 110 MOTPIOHO PO3IIISIHYTH.



VY npyromy po3aii OMUCAHO MOJIEJl CUTHATIB, OTPUMAHHUX B SIKOCTI BX1JTHUX
JaHUX IS ONpalioBaHHA (PUCYHOK TallieHTa TeCcTy chipam ApXiMmena),
MPOAHATI30BaHO TOYHICTh Ta €PEKTUBHICTH METO/IB KOMII IOTEPU30BAHOTO aHANI3y
CTyNeHto Tpemopy. OnucaHo OCHOBHI pe3yJIbTaTh MOJIEIIOBAHHS, OTPUMaH1 YaCTOTHI
XapaKTEPUCTHUKH, aMILTITY I KOJMBAHHS, BIIXWICHHS BiJl HOPMU Ta 1HIIN TOKA3HUKH.

3 JIOIIOMOTOK METOJMKU 1AeHTU(]IKAIi TPEMTIHHS MAaJIOHKOM cCHipai
PO3p00JICHO TEXHOJIOTIIO OIIHIOBAHHS CTaHY MAIll€HTIB KJIIHIK Ta MEIUYHUX LIEHTPIB.
['iOpuana Monenb aHamizy aHOpManbHUX cTaHiB T-00’€kTiB mMoOymoBaHa Ha OCHOBI
TEOpii MOIMKUPEHHS XBUJILOBOI'O CUTHATy BU3HAYa€ ocerMeHTHui onuc 3D-eneMeHTiB
tpaektopii AHP mocmimkyBanoro T-o00’ekTy (KIHIIBKH TAIi€EHTa) 3 ypaxyBaHHSIM
MaTpHUIll KOTHITUBHUX BIUIMBIB Ipymn Helpo-By3iiB KI'P Ha cermentu pyxy. B ocHOBY
peanizaiii HaMU TOKJIAJEHO CHOCiO Oe3nepepBHOr0 BU3HAYECHHS IMO3UIIIT KIHI[IBKH
PYKH MaIli€HTa, 110 3 TOTIOMOTOI0 EJIEKTPOHHOTO TIepa BiITBOPIOE PUCYHOK IIabIOHA
y BUTJISIAL criipaii ApxXiMeaa Ha eKpaHi IHTepakTUBHOTrO mianmeta. [Ipocropose 3D-
BIIXWJICHHSI TPAEKTOPIi pyXy Iepa BiJl MabJIOHy Mae CKIaaHy Gopmy 1 € 1udpoBoro
iH(hopMali€e0 Uil BU3HAYEHHS CTaHy  3aXBOPIOBAHHS MallleHTa. 3 METOIO
nexommosumii ckinaaaux AHP-pyxiB Ha mpocTiiii e€I1eMeHTH, KUIbKICTh PO30OUTTS
MOX€ BHOMpATHChH JOBUIBHOIO B 3aJeXKHOCTI Bia ckiagHocTi AHP-300paxeHHS.
Mopaens mnepeadadae OTpUMAaHHS  KUIBKICHMX — aMIUNTYJIHMX 1 YacTOTHHUX
xapakrepuctuk AHP.

B sixocTi kornituBHuX feedback-BrumBiB cucTeMun BHKOPHCTOBYIOTHCS HAOOpH
MOKa3HUKIB curHamiiB enekrpoeniedanorpam (EEG), axi cuuxponHo 3 pyxom T-
00’€KTa MOCTYNMAIOTh BiJ] BABHAYEHOI MHOXXHHU HelpoBy3miB KI'M, 110 311iCHIOIOTH
kepyBanHs AHP-pyxom. EEG curnanu B niiomy Bu3HadaroTh guHamiky AHP s
KOKHOTO j-TO CEIMEHTY TpacH PUCYHKY HallieHTa (cmipanab Axpimena), j=1n, +1, xe
Ni- KUIBKICTh TOUYOK po30uTTss AHP-Tpacwu.

Ha ocHOBI npoBeZieHOr0 aHai3y BU3HAYEHO HAYKOBE 3aBJAaHHS, SIKE MOJIATAE Y
po3po0Ill MPUKIATHOTO MPOTPAMHOTO 3a0e3leueHHs, sSKe O peaiz0ByBajo
MaTeMaTU4yHI MO/, 3aCTOCOBYBaHI MpU aHali31 CUTHANIIB PyXiB MAallI€HTIB MpU

J1arHOCTYBaHHI €CEHIIaJIbHOTO TPEMOPY.



Tpetiii po3aAT TPUCBSIYEHO TMPOEKTYBAHHIO, PO3pOOII Ta TECTYBAaHHIO
MPOrpaMHOr0 3a0e3MeyYeHHs] KOMIUIEKCY. Tak, MepIioYeproBO BU3HAUYEHO MOTpPEOU
KOPHUCTYBauiB, (YHKIIOHAJIbHI Ta HEQYHKIIOHAIBHI BUMOTHU JO HPOTPaAMHOTO
3a0€3Me4eHHs, CIOCOOM TECTYBaHHS Ta TNEPEeBIPKM BalliTHOCTI 3aCTOCOBYBAaHUX
QITOPUTMIB Ha MPAKTHULI JJII BUKOPUCTAHHS MPOrPaMHO-amapaTHOTO KOMIUIEKCY B
JTIarHOCTUYHUX IIEHTpaXx.

Takox, onrcaHo BUOIp anapaTHOI YaCTUHM Ta TEXHIYHUX PIIIEHb KOMIUIEKCY
JUIA B3a€EMOJIi mamieHTa 3 cuctemoro. OmucaHo KOpPUCTYyBallbKi iHTepdeiicun Ta
MOKJIMBOCTI BIAMOBIAHO /10 (DYHKITIOHATBLHUX BUMOT, TTOCTaBJICHUX TI€pPe]] CUCTEMOIO.

Cucrema st 300py 1 aHamizy CHIpaJIbHUX MAaJIOHKIB CKJIQJAa€ThCsa 3
KOMIT'IOTepa, IHTEPAKTUBHOIO TIEPOBOIO TUIAHINIETA I M(PPOBOTO 300py CUTHATY 3
JIOTIOMOT'OI0 CTICIIAIbHOTO TUCTAHIIMHOTO Tiepa. 3aB/laHHs MallleHTa — HaMallloBaTH
cnipanb Apximenaa Ha mianmeti. Criporpadig 3a0e3nedye pi3Hi KiJIbKICHI TapaMeTpH.
KpiMm criekTpanbHOro aHajizy OTPMMAaHOIO CUTHaly, KM Hajxae 1H(opMalio mpo
4acTOTy TPEMOPY, 3a3BUYail BUKOPHUCTOBYETHCS TaKOX pajlyC KyTa MEpEeTBOPEHHS 1
IBUJIKICTh Yacy nepeTBopeHHs. Paaiyc kyTa Tpancdopmailii 300paxye 3MiHHA pajiyca
3aJIEKHO BiJ 3MIHM KyTa CHIpaJIbHOTO MairoHKa. JIiHIHHI 1 KyTOBE MPUCKOPEHHS
MEPETBOPEHHS OOUNCITIOETHCS CUCTEMOIO.

ApXiTeKTypHe pimieHHs1 moa0 po3poOku I3 rpyHTyBasiocss Ha 00’ €KTHOMY
migxoni. Takox Oyno obpano mMoBy Java nist po3poOku mporpamu. Buxkonyrouu
MIPOEKTYBaHHS PO3POOIIOBAHOI CHUCTEMHM 3 BpPaxXyBaHHSAM 00’ €KTHO-OPIEHTOBAHOIO
I1X01y O BUKOHAHHS, BIPHUM PIIICHHSM € aHajli3 OCHOBHHUX KJIACIB Ta CYTHOCTEH
CUCTEMH.

Baxxnusi eeMeHTH po3po0OKH — 1€ AITOPUTMHU OTPUMAaHHSI 3HAY€Hb [apaMeTpiB
MOJIENTbOBAHOT CHUCTEMH, MOJKJIMBICTh BI3YaJbHOTO TMPEACTABICHHS OTPUMAHHUX
pe3yibTaTiB, HEOOXIAHICTh AMHAMIYHOTO 3aJaHHS NapameTpiB cucteMu. Bcee e
JI03BOJISIE 3 OUTBIIIOI0 HAOYHICTIO MPEJCTABIATH PE3YJBTaTH Ta CIPHUSIE IITHOBOMY
BUKOPHUCTAHHIO TEXHOJOr1i. I MOJanbplIoro po3BUTKY Tpemorpadii sk MeEToxy
J1arHOCTUKH, MOTPIOHO PO3BUBATHU SIK TEOPETHUUHY 0a3y 3HaHb 1 AIarHOCTUYHUX O3HAK
TaK 1 TPAaKTUYHI PO3pOOKM B peamizailii pi3HUX THUINB AATYMKIB 1 MPOTPaAMHO-

anapaTHUX KOMILIEKCIB Ji1 0OpOOKM OTPUMAHUX JAHUX 3 JATYHUKIB.



OnucaHo alropuTMM Ta HaWBAXKIIMBINI TATEPHU, MIAXOAW JO PO3POOKHU
nporpaMHoro koay. IlpoanamizoBaHo Ta OOIpyHTOBAaHO BIAMOBIAHICTH CTaHAApPTaM
ISO, mo omucyroTh SKICHI XapaKTepHCTHKH Tpoaykry (Software quality), mpomec
TEeCTYBaHHS Ta OIL[IHIOBAHHSI Pe3yJIbTAaTiB PO3POOKHU, BUOIP MOJIEI KUTTEBOTO ITUKITY
po3pobku I13. B ocHOBI peamizamii — miAXiT 3 BUKOPUCTAHHSM CyYaCHUX
apXITeKTYpHUX PpIIIEHh Ta METOAMK TIOKPAIllEHHS TMPOILECiB pO3pOOKU Ta
BIIPOBA/PKCHHSI TIPOrPAMHUX KOMILUIEKCIB. ONMHCAaHO METOAU Ta MpOrpamHi 3acoow,
BUKOPHUCTaHI MPH BUKOHAHHI PO3POOKM CHUCTEMM: MOBa IporpamyBaHHs Java Ta ii
010morteku, cepenoBuiie po3poOku NetBeans IDE, cepenoBuiie po3poOku Ta
MozemoBanHs MatlLab, meromonorito rHyukoi (Agile) po3poOku mporpamMHOTO
3a0e3nedeHHs, 00’ €KTHO-OPIEHTOBAHUM TMIAX1JA JO MPOCKTYBaHHS Ta peanizaiii
npukiiagaoro I13.

VY derBepTOoMy pO3AUT OMUCAHO peE3yJbTaTH  pO3pOOKH, TECTyBaHHA Ta
BIIPOBA/DKCHHSI CHUCTEMHM aBTOMATHM3alllii TMpolecy JAiarHocTyBaHHsA. OrmucaHo
CIIPOCKTOBAHI Ta peaii3oBaHi MporpamMHi 010J110TEKH, IO MICTUTh Hallp METOJIB Ta
QITOPUTMIB ISl TOCHIJDKEHHS XapaKTePUCTUK TpeMTiHHSA. HaBeeHo omuc OCHOBHUX
MOJKJIUBOCTEH OOYMCIIEHHSI MapamMeTpiB Ta (yHKIIH Mozeni. 3 METO NEepeBIpKH
BIPHOCTI 3aCTOCOBAaHUX MAaT€MATHUYHUX MOJIEJIEH, TOUHOCTI OTPUMAHUX pe3yJIbTaTiB Ta
3arajibHOi €(EKTUBHOCTI PO3POOIIOBAHOT METOAUKH OyJIO PO3pOOJIEHO MOMAETH IS
TECTYBAaHHS Ta BIIJIATOJKCHHS METOAMKHU 1leHTU(IKAIl] MmapaMeTpiB CUCTEMH, IO
BUKOPHUCTOBYE PUCYHOK CIIIpaJll MalieHTa B AKOCTI BXIAHMX AaHMX. B pe3ynbrari
po3poOku manoro I13 peanizoBaHO KOpPUCTYBaIllbKuii 1HTEp(]EC Ta MOKIUBOCTI IS
B3a€EMO/I1 Ta JEMOHCTpaIlli poOOTU MPOAYKTY 3 TOOYI0BU MOJIETIEH.

ApXITEeKTypa MOJEb NPOEKTOBAHOI CUCTEMHU BiANOBIIA€ CTUIKO MOHOJIITHOTO
3actocyHky (Monolithic application) 3 BUKOpPHCTaHHSIM PO3JIJICHHS aITOPUTMIYHOI
YaCTUHU MOOYI0BU MOJEJICH Ta YaCTUHU Mpe/ICTaBICHHs 1H(OpMaIllii Bi3yallbHO Ta y
BUDISIAL pe3ynbTaTiB. [lepiia wactuHa craHOBUTH 0107110TEKYy 3 HAOOPOM KIIAciB Ta
METOIB OOpOOKM [JaHUX, JIpyra >k BIANOBIZA€E 3a MPEJACTABICHHS IUX JIaHUX
kopuctyBaueBl. Ile nmocsraerbcs BaxkimBuMu 3acobamu OOIl: HachigyBaHHAM,

moTiMop(i3MOM Ta 1HKATICYJISIIIETO.



Po3poOntoBana ~ MeToAMKa ~ TECTyBaHHsS  peajizoBaHa Yy  BUIJISIL
KOMIT IOTEpPU30BAHOT CHUCTEMH aHaji3y AaHuX cmipajieil. BukopucraHo mporpamsi
piIeHHs A1 TOOYI0BH, KOMIILIAIIT Ta TeCTyBaHHS porpamu SpiralAnalyser.

HaykoBa HOBM3HA OTpUMaHUX PE3yIbTaTIB:

1) OOpaHo OCHOBHI TEXHOJOTIl IS peaiizallii MPUKIAIHOTO MPOTPAMHOTO
3a0€3MEeUCHHS] CHUCTEMM JIIarHOCTYBaHHS, CIIPOCKTOBAHO apXITEKTYpHI PIIICHHS
po3poOku [13; 3 mronomororo MeToANKY 11eHTU(DIKAIlT TPEMTIHHA MAJIIOHKOM CITipai
PO3pO0IEHO TEXHOJIOTIIO OLIIHIOBAHHS CTaHy MAIll€EHTIB KIIIHIK Ta MEIUYHUX LIEHTPIB.

2) Po3po0ieHo crcTeMy aHalli3y HEBPOJIOTTYHUX PYXIB 3TiAHO BCTAHOBJICHHMX
mrabsoHiB. 310paHo 6a3y 3amuciB NAIIEHTIB Ta AIarHOCTUYHUX AAHUX IS TOCHIKECHb.
3i0paHo Ta BaJliJIOBaHO HAOOPH HAKOMUYEHHMX JaHUX JIS aHalli3y 3aCTOCOBYBAHOCTI
mozeneit . [loOyayBano Mojaenb aHaMI3y JaHUX,

3) CrpoeKToBaHO apXiTEKTypy Ta CKJIaJ IMPOTPaMHO-aNapaTHOrO KOMIUICKCY.
OO6aymaHO Ta OOIPYHTOBAHO CIOCIO OTPUMAHHS J1arHOCTUYHUX JTAaHUX, 1110 HAMOUIBIIT
JOLLTFHO BUKOPUCTOBYBATH B pEaTbHUX YMOBaX. PealizyBaHo mporpaMHO-amapaTHHMA
KOMIUIEKC ISl 3IIMCHEHHS JIIarHOCTUYHUX TECTIB

PesynbraTom poboTu € HaOlp MaTEMaTUYHUX MOJIEIEH Ta KOMIT IOTEPU30BAHUX
MeToAIB 0OpoOKHM BXiJHOI 1H(OpMAaNIi 3 TECTy cHipajl 3 MOXJIHMBICTIO OTPUMATH
KUIBKICHI Ta SIKICHI XapaKTepUCTHUKUA TPEMOpY, MIarHOCTHYHI JaHl Tpemoporpadii
narieHTa. Y BUTJISA/II MOJTYJIsI TPOrpaMHOi CUCTEMU peasizoBaHa 616110Teka 3 HabopoM
QITOPUTMIB NI aBTOMATH30BAaHOTO BH3HAYEHHS CTYMEHIO 3aXBOPIOBAaHHS Ha
eceHiiagbHui TpeMop. CHCTEMHHI KOMIUIEKC, [0 BUKOPUCTOBYE JaHy peali3alliio
METOJIMKH TECTyBaHHS 3 JOTIOMOTOIO CITipalli, BIPOBAKEHO Ta yCIHINIIHO anmpoO0OBaHO
B €KCIIEpUMEHTaIbHIN JadopaTopii [HCTUTYTy rojIOBHOTO Ta cnMHHOrO Mo3ky ICM
(Dpanis).

Kniouosi  cnosa: KOMIT'IOTEpHE MOJICNIOBAHHS, J1arHOCTHKA, TPEMOD,
aBTOMATHU3aIlis, TIPOEKTYBaHHSI Ta pPO3pOOKa, MaTeMaTH4Ha MOJEIb, AJITOPUTMH,
KOTHITUBHI 3B’S13KM, OararornapaMeTpuyHa iAeHTUdiKallisl, MporpaMHO-anapaTHUMA

KOMILJIEKC, CIel1ali30BaHe MPOrpaMHe 3a0e3MeUeHHS.



SUMMARY

Program system of automated diagnostics of patients with essential tremor
disease— qualifying scientific work on the rights of the manuscript — by PhD-student
Ivan Mudryk.

Thesis on competition of a scientific degree of PhD (Philosophy Doctor) on a
specialty 121 “Software engineering”.- Ternopil Ivan Puluj National Technical
University, Ternopil, 2021.

The thesis is a complex research of theoretical and practical problems on
automation processes diagnosis of patients with essential tremor symptoms of limbs.
Modern development is important for health care facilities and laboratories dealing
with neuralgic character limb tremor, essential tremor, Parkinson's disease and others.

The purpose of the dissertation is to develop a hardware-software complex for
the technology of automated diagnosis of essential tremor, which uses studied methods
of mathematics and computer modeling for processing input information (data) by
developed models and programmed algorithms. Library of algorithms and application
software can be used to construct computer models and visualization, comfort and
speed up execution of studies comparing the results evaluation.

In the introduction of research shows the relationship of work with research
topics defined of goals set and objectives of the study, object and purpose of the study,
a summary of research methods that were used to achieve the goal of development.
The scientific novelty, practical significance of the obtained results and personal
contribution of the applicant in the study of models and technologies, as well as the
implementation of application software are formulated. Information on approbation
and publication of research results and their practical significance is given.

The first section provides an overview of existing solutions and works on the
theme of the thesis analyzed the modern clinical methods and means of diagnostics of
patients with symptoms of tremor of the extremities. The modern approach to science
and technology methods of determining the parameters of oscillating motions that
accompany trembling limbs in various clinical manifestations. If the computer test is
ideal Archimedean spiral, and that it provides a uniform translational motion of

symmetric increase the amplitude of the deviation from the center.



An important element of research is to study neuro-bio-feedback systems
related analysis and behavior of patients with symptoms of tremor (T-objects) under
the cognitive influence of neural nodes of the cerebral cortex.

For a more thorough approach to the study and implementation of the necessary
methods, the main parameters of the system were considered, experimental data and
related developments are investigated, the existing effective methods of tremor disease
identification are analyzed, the advantages and disadvantages of each.

As an analysis of the subject area, it was decided that the solution developed at
this stage should be a software library for future integration of implemented classes of
algorithms and models into a comprehensive diagnostic system. Also, the task of
developing supplied develop a mechanism for testing and debugging techniques
developed data analysis spiral. The implementation of the last task can be a
computerized model made in the development package MatLab, and simulates the
behavior required algorithms and mathematical models for real usage. The elements of
machine learning are implemented in the work — to determine and clarify the
assessment of the patient's condition according to a large number of records.

The analysis of the subject area detected components, characteristics and
methods of data processing that should be considered.

The second section describes the model signals received as input for processing
(Fig patient test Archimedean spiral), the accuracy and efficiency of computerized
analysis of the degree of tremor were analyzed. The basic simulation results obtained
frequency characteristics of the amplitude fluctuations, abnormalities and other
indicators.

With the help of the technique of identification of tremor by the spiral pattern
the technology of assessment of the condition of patients of clinics and medical centers
is developed. The hybrid model of the analysis of abnormal states of T-objects
constructed on the basis of the theory of propagation of a wave signal defines the
segmental description of 3D-elements of abnormal neurological movements
trajectories of the studied T-object (patient limbs) taking into account the matrix of

cognitive effects of groups of cortex neuro-nodes on the segments of movement.



The basis of the implementation of our way to put continuous rank limb
patient's hand, with an electronic pen reproduces the tread pattern in the form of an
Archimedean spiral screen interactive tablet. Spatial 3D-trajectory deviation from the
pattern pen has a complex shape is the digital information to determine the state of
health of the patient. In order of ANM-decomposition of complex movements into
simpler elements, the number of arbitrary partition can be selected depending on the
complexity of ANM image. The model involves obtaining quantitative amplitude and
frequency characteristics ANM.

Sets of indicators of signals of electroencephalograms (EEG) are used as
cognitive feedback-influences of system, which synchronously with the movement of
the T-object come from a certain set of neuronodes, controlling the ANM movement.
EEG signals generally determine the dynamics of ANM for each j-th segment of the

patient's drawing path (Ahrimed spiral), j=1n +1, where n;- the number of

breakpoints of the ANM route.

Based on the analysis the scientific task which is to develop application
software, which would be implemented mathematical models used in the analysis of
signals movements of patients at diagnosis with essential tremor.

The third section is devoted to the design, development and testing of software
complex. Thus, the priority defined user requirements, functional and non-functional
software requirements, methods of testing and validation of applied algorithms in
practice for the use of software and hardware in diagnostic centers. Also, the choice of
hardware and technical solutions of the complex for patient interaction with the system
is described. User interfaces and capabilities in accordance with the functional
requirements set for the system is shown.

The system for collecting and analyzing spiral images consists of a computer,
an interactive pen tablet for digital signal collection using a special remote pen. The
patient's task is to draw the Archimedes spiral on the tablet. Spirography provides
various quantitative parameters. In addition to spectral analysis of the received signal
that provides information about the frequency of tremor, usually used as corner radius

and speed conversion time conversion. The radius of the transformation angle depicts



changes in the radius depending on the change in the angle of the spiral pattern. The
linear and angular acceleration of the transformation is calculated by the system.

The architectural solution for software development was based on an object-
oriented approach. It was also chosen programming language Java for application
development. Performing the design of the developed system taking into account the
object-oriented approach to execution, the correct solution is the analysis of the main
classes and essences of the system.

Important elements of design — an algorithm to obtain parameter values
simulated system, the possibility of visual presentation of the results, the need for
dynamic setting of system parameters. This allows more clarity to present the results
and facilitates targeted use of technology. For further development in tremorography a
diagnostic method should be developed as a theoretical knowledge base and diagnostic
features and practical developments in the implementation of various types of sensors
and hardware and software for processing the data from sensors.

Algorithms and the most important patterns, approaches to software code
development are described. The compliance with 1SO standards describing the quality
characteristics of the product (software quality) is analyzed and substantiated, the
process of testing and evaluating the results of development, the choice of the model
of the software development life cycle. Underlying sales - an approach using modern
architectural solutions and techniques to improve the development and implementation
of software. The methods and software used in the performance development system,
programming language Java and its libraries, development environment NetBeans
IDE, modeling and development environment MatLab, flexible methodologies (Agile)
software development, object-oriented approach to the design and implementation of
application software.

The fourth section describes the results of the development, testing and
implementation of process automation diagnosis. Designed and implemented software
library that provides a set of methods and algorithms to study the characteristics. The
description of the main possibilities of calculation of parameters and functions of the
model is given. To verify the fidelity of applied mathematical models, the accuracy of

the results and the overall efficiency of the developed technique was developed model



for testing and debugging techniques of parameter identification system that uses a spiral
pattern of the patient as input. As a result of development of this software the user
interface and opportunities for interaction and demonstration of work of a product on
construction of models are realized.

Architecture model designed system meets style monolithic application using
separation of algorithmic models and construction of presenting information visually
and as a result. The first part of the library with a set of classes and methods for
processing data, the second is responsible for the presentation of data to the user. This
Is achieved by means important OOP, inheritance, encapsulation and polymorphism.

The method of testing is implemented as a computerized data analysis system
spirals. Used software solutions for building, compiling and testing programs
SpiralAnalyser.

The scientific novelty of the results:

1) Of the key technologies for the implementation of application software
diagnostic systems designed architectural solutions software development; Using
methods of identification spiral pattern a technology assessment of patients clinics and
medical centers.

2) A system of analysis of neurological movements according to the established
templates is developed. A database of patient records and diagnostic data for research
has been collected. Data sets were collected and validated to analyze the applicability
of the models. A model of data analysis is built;

3) The architecture and composition of the software and hardware complex are
designed. Thoughtful and reasonable way to obtain diagnostic data, the most
appropriate to use in the real world. The software and hardware complex for
implementation of diagnostic tests is relized.

The result is a set of mathematical models and computerized methods of
processing input information from the spiral test with the ability to obtain quantitative
and qualitative characteristics of tremor, diagnostic data of patient tremorography. In
a module software system implemented library with a set of algorithms for automated

determination of the extent of the disease with essential tremor. System package that



uses this implementation testing technique using spiral implemented and successfully

tested in experimental laboratory of the brain and spinal cord ICM (France).
Keywords: computer simulation, diagnostics, tremor, automation, design and

development, mathematical model, algorithms, cognitive connections, multiparameter

identification, software and hardware complex, specialized software.
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ITIEPEJIIK YMOBHHUX ITO3HAYEHBb, CUMBOJIIB, CKOPOYEHD I
TEPMIHIB

[13 — mporpamue 3a0e3MneueHHs.

[1C — mporpamua cructema, KOMILIEKC IPOrpaMHOT0 3a0e3MeueHHSI.

[IK — mnepcoHanbHMIl KOMI'IOTEp, poOoya MalMHa JUIsi PO3POOKH Ta
BUKOHAHHSI IIPOTPaM.

Java — 00’ exTHO-OpieHTOBaHa MOBa IporpamMyBaHHs Bia koMmanii Oracle.

JRE — (Java Runtime Envirinment) BipTyajibHa MalliiHa /i1 BUKOHAHHS java-
JIOJIaTKIB, cKamaeTbes 3 JVM ta 6i0iioTek Java-kiacis.

JDK — (Java Development Kit) koMruiekT st po3poOku java-A0JaTKIB Bij
Oracle.

JVM — BipTyanpHa MalllMHa BHUKOHAHHS MpOrpaM, OCHOBHA YacCTHHA
BHUKOHYBaHOi cucTteMu Java. BukoHye 6aiiT-K0J1 KOMIIILOBAHOT IPOTPAMH.

OOIl -  (OOG’eKTHO-OPIEHTOBaHWM  MPOrpaMyBaHHs)  Hapaaurma
MporpamMyBaHH, B SIKiil OCHOBOIO € KJIaCH Ta 00’ €KTH, SIK1 MK COOOI0 B3a€EMOJIIOTb.

UML - (Unified Modeling Language) yHidikoBaHa MoBa TrpadigyHOro
MPE/ICTABICHHS Ta 00 €KTHOIO MOJIETIOBaHHS B 00JAcTi PO3pOOKH NPOrPaMHOIO
3a0e3neUeHHs MapagurMu 00’ €KTHO-OPIEHTOBAHOTO MPOTPaMyBaHHS.

ANTOpUTM — Hallp THCTPYKIIH, K1 OMUCYIOTh MOPSIOK BUKOHAHHS JiH, 1110
T03BOJISIIOTH JOCSITTU PE3YNbTATY 32 CKIHUEHHY KUIBKICTh KPOKIB.

[Iporpamua 6i0mioTeka — makeT miaAmporpaMm abo o00’€KTIB, KJaciB, IO
BUKOPHUCTOBYIOTHCS B pO3pOOLII TPOrpaMHOro 3a0e3MeyeHHs.

ET — ecenmianbpaMil TpeMoOp.

FFT — (Fast Fourier Transform) mBuake neperBopenns Oyp’e.

T-00’exT — TpeMop-00’€KT.

AHP — anopmaibHi HEBPOJIOTIYHI PYXH.

KI'P — kopa rojioBHOro MO3Ky.



