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DETERMINING THE LOCATION OF THE DEVICE USING WI-FI - SENSORS

Nowadays, location methods are widely used to solve many everyday problems. The GPS
global positioning system has almost completely solved the problem of external positioning.
However, this method is not suitable for solving positioning problems indoors, where it shows
extremely low accuracy, or is completely inoperable. This has led to attention to the problem of
positioning indoors. The search for the most effective methods of determining the position of the
device in the conditions of being in the building was started. This article focuses on the development
of software for a mobile device based on Android OS to determine the location of the device based
on data from Wi-Fi sensors.

Geolocation of the device based on data from Wi-Fi sensors is to determine the distance to
the access points based on the data obtained by the device sensors and then use mathematical
methods to calculate the relative position of the device. In the process of determining the distance
from the signal source using data on the strength of the received signal, RSS from the sensors that
are present in each device capable of working with wireless Wi-Fi - networks. To directly calculate
the relative position of the device using a method that does not require a training period,
trilateration.

In the course of work the existing methods intended for determination of a location of the
device, stages of determination of a location are considered, the mathematical model is constructed,
the software for the mobile device on the basis of OS Android is developed. The conclusions present
the measurements that were performed using the developed software.

Keywords: indoor positioning, Angle of Arrival, Time of Arrival, Time Difference of Arrival,
Received Signal Strength, trilateration, triangulation, path loss model.
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EKCIIEPTHA CUCTEMA BU3HAYEHHS 3AXBOPIOBAHHS 3A
AHAJII30M KPOBI

Bukopucmanns inmenexmyanvnux ingpopmayitinux cucmem (IIC) 6 cghepi oxoponu 300pos's
cmae 6ce Oinbul akMmyanbHuM. 3 ix 00NOMO2010 MONCHA CUCMEMAMU3y8amu 3HaHHA Qaxieyis, ujoo
Haoani BUKopucmogysamu ix Ojisi 0ONoMo2u 8 NPUUHAMMI PilueHb 8 CKAAOHUX 3AB0AHHAX a00
Hebe3neunux cumyayisx. I[lpobrema meouyunu nonsieac 6 momy, wo, Hauudacmiwe, OaHi 014
NOCMAHOBKU OIA2HO3Y NPeOCMAasieti 3anTymanumMu KIHiYHuUMU nokazauuamu. Tomy euxopucmarns
1IC cmae HeobXionum, adoxce 8i0 wUOKOCMI peakyii Nikaps 3anexcums dcumms i 300po8's
nayienma, a cucmemu OONOMOICYMb UOMY weuoule i nesHeHiue noCmasumu 8ipHutl 0iacHo3 abo
Hanpasumu 1o2o 8 NPpagUIbHOMY HaANPAMKY.

Y pamxax oanoi pobomu 6ynu oocniosxceni icnyroui excnepmui cucmemu (EC) 6 meouuniti
eanysi. 'V oOanuti uyac EC oonomazaiome Jaikapam-@axisyam OiacHOCMY8amu 3aX60pH0GaAHHS.

319



Hayka Ta BUpOGHHUI[TBO

2020 p. Bum. 23
Ingpopmauiiini mexunonocii

CHOIYYHUX MKAHUH, OeNnpecusHi CMaHu, 3axX80pO6anHs oyell, iIHQeKYiliHi 3aX80PI0BAHHS, 1e2eHe8UX
3axX80p106AHb, KUCIOMHUX | eNeKMPOLIMHUX 3aX80PI06AHL MaA IH. Alle JHcoOHa 3 HUX He 00nomazac
eKcnepmam 8 NOCMaHo8yi 0iacHo3y 3a aHanizom kposi. Lle donomoeno 6 3aowaoumu bazamo uacy
MOJIOOUM JIIKAPAM | OONOMO2SIU iM Y HABUAHHI.

Jlana cmamms npucesauena po3pobyi meouunoi excnepmmuoi cucmemu (MEC), sxa 6yoe
cmasumu nonepeoriil 0iaeHo3, IPYHMYIOUUCh HA AHAI3i Kposi. Y x00i docniddcenHs Oyau eugueHi
PI3HI apXimexkmypu eKCnepmHux cucmem i Memooonoeii npeocmaeients snauw. /s peanizayii MEC
oyna oopana cmamuyna cmpykmypa EC, a ona modentosanns 6asu 3nans (b3) suxopucmosysanucs
npooyKyilni npasuia i 6inapre 0epeso piutens. llpasuna ckiadaiucs Ha OCHO8I cucmemamu3ayii
3HaMb ompumanux 6i0 aikapie micma Mapiynona. Po3pooka B3 npogoounacs 3 UKOpUCMAHHAM
«Manoi excnepmmuoi cucmemuy, niciisi 4o2o 0y6 peanizo8anuti NPOMOMUN eKCnepmHoi cucmemu Ha
Mmo8i npoepamyeanns C++.

Knrouosi cnosa: meouuna excnepmua cucmema, 6a3a 3HaHb, aHANI3 KPOsi, 0iacHO3, 0epeso
piienb, npoOYKYIlHI npasuid.

Beryn. InTenexryanbHi iH(QOpMaIiiiHi TEXHOJIOTIT MOCTYIOBO NMPOHUKAIOTH B YCi cdepu
MisUIBHOCTI JIIOMMHH. IX OCHOBHA MeTa Ile BUABJIEHHS i CHCTEMATH3allii OTPMMAHUX 3HAHb Bij
BUCOKOKBaJIi(pikoBaHUX (axiBIiB 3 MOJAIBIIMM 3aCTOCYBaHHSAM IX Ui BUPINICHHA CKJIaTHUX
3aBJlaHb, SIKI BUHUKAIOTh Ha MpakTULl. OKpeMHM BHUIIaJKOM CHCTEM 3aCHOBAHHMX Ha 3HAHHIX €
excrieptHi cuctemu (EC).

Bxe nosruii gyac B yceoMy cBiTi EC rpaioTh BakJIMBY pOJib B PO3BUTKY OXOPOHH 3/I0POB'S.
BoHu 103BOJIsAIOTH HagaBaTH CHCTEMATUYHY JOMOMOTY MEIWYHOMY IMepcoHany. Y OUIbIIOCTI
BUIA/IKIB €KCIIEPTHI CUCTEMU BUKOPHCTOBYIOTHCS Ul IIOCTAHOBKHU JI1arHO3y 1 BUOOPY HalKpaIoro
METO/Ty JIKyBaHHS.

KpoB pearye Ha HailMeHIIl 3MIHM B OpraHi3Mi JIIOAWHHU. Y 370pOBOi JIIOAMHU KIITHUHHHUHA
CKJIa/l KPOBI € IOCTIMHNM, @ HE3HAUH1 BIAXUJIEHHS Bl HOPM FOBOPSTH PO MOKJIMBI 3aXBOPIOBAHHSL.
ToMy 0J1MH 3 HAUMOIIMPEHIINUX METO/IB JIJIsl TOCTAHOBKY J11arHO3Yy — aHalli3 KPOBI.

AHaii3n KpoBl JalOTh BaXJIMBY KapTHHY 3arajbHOrO CTaHy 3710poB's. BoHM Takox €
XOpOUIMM CHOCcOOOM PaHHBOTO BHSBIIEHHS XBOpOOM a0o0 MepeBipKH TOrO, HACKUIBKU A00pe TiIo
pearye Ha JIIKyBaHHSI PI3HHX 3aXBOPIOBaHb. X04a BMIHHS JAaTH TPAaMOTHHI BHCHOBOK 3a aHAJII30M
KpOBi 1 € 0230BUM HaBUKOM Oy/b-IKOTO JiKaps, HE BCl, Y CUIy CBO€T HEOCBIAUYEHOCTI, MOXKYTh 11€
3poOHTH.

AHani3 ocTaHHixX JociailkeHb i myOJikaniii. ExcriepTHi cucTeMH 3acTOCOBYIOTHCS B Tii
CUTyallli, KOJNM BHXIJHI JaHi, MpeICTaBleHl eKCclepTaM, HEOJHO3HauHi abo cymnepewinsi;
HEMOXKJIMBO BU3HAYUTH aJITOPUTM OJHO3HAYHOTO PIIIEHHS 3ajjayi KJIACHYHMMHU METOAAaMH; 3aaaya
HE MOXKe OyTH TIpeACTaBjieHa B YMCIOBIN ¢opmi. 3aBIaHHS MEIUIIMHA Ma€ caMe TakKl BIACTHUBOCTI,
TaK SK BUXIJHI JaHi IPeJCTaBlIeH] HauacTilIe BEIUKO KUTHKICTIO 3aIUTyTaHMX 1, MIBU/IIE 3a BCE,
CyMepeuwINBUX KIHIYHUX TaHUX.

VY uiit crarti [1] gocmipkyeTbess mpobiemMa CMEPTHOCTI MAaLli€HTIB Yepe3 MOBLIbHI peakiiiit
TecTy. JlOCHPKEHHs MOKa3aiy, 110 IpU BUKOPUCTaHHI 1HGOpPMAIIHHUX TEXHOJOTIH B MEIUYHIN
cepl 3HAYHO 3HMKYETHCS CMEPTHICTh. ABTOPH BHUPIIIMIM PO3POOHTH EKCHEPTHY CHUCTEMY 3
JIIarHOCTHKY 3aXBOPIOBAaHb KPOBI, TaK SK OLIBIIICTh CTBOPEHUX OCTAaHHIM YacOM CHCTEM 3aJIUIITUIN
MUTAHHS J[IaTHOCTUKU 3aXBOPIOBAHb KPOBI 1 30CEPEIMIINCS HA 1HIIMX OLTBIN BaXKIMBHUX 1 CKJIATHUX
rajxy3six MeIUIMHU. ABTOpY BUKOpHUCTOBYBainu minxia Ha ocHoBi npaBui IF, IF THEN ELSE, tak
SK BOHM MOXYTb JAaTH MPOTpaMiCTaM TaKy * THYYKICTb fK 1 HEdiTKa Jiorika. BoHu 3i0panm Bci

320



Hayka Ta BUpOGHHUI[TBO

2020 p. Bum. 23
Ingpopmauiiini mexunonocii

CUMITOMH 1 IPUYUHH 3aXBOPIOBaHb KPOBI, JO3BOJMBIIM crcTeMi HaBuuTHUCS. [1icis nporo mpouecy
crcTeMa MOXKe IPUCTOCYBATHUCS 10 PI3HUX A1arHO3iB.

VY crarTi [2] aBTOpH BHMBYAJIM MPOTHO3YBAaHHS CTaii Ala0CTHYHOI peTHHOMATIi Ha ITiACTaBl
aHaiizy nucyHKIii TPOMOOIUTIB 32 IOTIOMOTOI0 YOTHPHOX(PAKTOPHOI HETIHIIHOT HelpoMepexeBoi
MLP-monem. ['onoBHOWO TpoOIeMOI0 B IIbOMY HaIpsIMKy OyJia CBO€YacHa J1arHOCTHKA 3MiH Ha
ouyHoMy naHi. HaBith y pa3i mosiBuE MOPQOJIOTiYHUX 3MiH JiarHOCTHKA 3AJIMIIAETHCS CKJIATHOIO,
OCKUJIBKHM KpUTEPIi OLIIHKK € HEAOCTAaTHbO iH(GOpMaTUBHUMHU. Ha mepiomMy erari BUKOPHUCTOBYBAIH
TeHETUYHUH alrOpUTM BiIOOpY, B pe3yibTari sIKOro BifiOpanu aBi o3Haku. Ha BunineHomy Habopi
O3HaK MOOyAyBanu JiHINHY HelpoMmepexxkeBy Mozenb. Bona no3Bonuna 3 99 Bumaakis
MPOTHO3YBaHHS MOMMIUTHCS jumie 18 pasiB, To0TO TO4HiICTH mporHoly ckimana 81,8 %. Oo6mik
HENTHIMHUX 3B'A3KIB TO3BOJIUB 30UIBIINTH TOUHICTh IPOTHO3YyBaHHS 10 93,9 %.

VY xoxi gocmimkenns [3] Oyno 3'scoBaHO, IO iCHYe rocTpa HecTada (haxiBIiB-aKylIepiB y
BIJUIUTI PErpOayKTHBHOTO 370poB's. OCHOBHA MeTa JOCIHIKEHHs Mojisiraia B po3poOili MeIuYHOT
eKCIEepTHOI CUCTEMH JIarHOCTHKH 1 JIKyBaHHS apTepiajbHOI TimepTeH3ii miJg Yac BariTHOCTI.
ABTOpHM BUBYHIIM MEIUYHI MPOTOKOJH, SIKI JIIOTH B JIKapHAX. 3a JOMOMOTOIO CTpaTH(iKoBaHOL
BUOiIpKH OyIo BigiOpaHo BUOIpKOBA CYKYIHICTb, 0 SKO1 YBIMIUIN: aKkymepu-(haxiBIli, peecTpaTopH,
IHTEpHU-MEANKH, KJIIHIYHI CHIBPOOITHUKU 1 MelcecTpu. BukopucTaHi 1HCTPYMEHTH BUIYYECHHS
3HaHb BKJIIOYAJIM: IHTEPB'I0, aHAJI3 JTOKYMEHTIB, CIOCTEPEKECHHS Ta aHKETH. Y pe3yibTaTi CUCTeMa
MOTJIa BUKOPHUCTOBYBATHUCS LIJTbOBUMH KOPUCTYBayaMH B Iiepe0auyBaHOMY CEPEIOBHILII, ajie eIl
3a BCE KOpPUCTYBauiB MOTPIOHO OyJ0 HABUMTH, MHEPII HIX BOHM 3MOXKYTh BUKOPHCTOBYBAaTH
CHCTEMY, ajie¢ BOHM BiJ3HAYWIM, 11O ii OyJIO JIETKO BUKOPUCTOBYBATH, KOJIM KOPUCTYBAd 3HAB SIK
mpairoBaTy 3 cucteMoro. CucreMa TakoX BUSIBUJIACS TOYHOIO 1 IBUJIKOIO MPHU MTOCTAHOBII A1arHO3Y.

VY nocnmimxeHHi [4] NpPONOHYETbCS €KCHEpTHA CUCTEMY JUIs BHUpIMIEHHS MpoOiem
JIarHOCTHKYU 3aXBOpIoBaHb. [IponoHoOBaHa crcTeMa 3acHOBaHa Ha MpaBUJIaX 1 POOMTH BUCHOBKH 3a
JIOTIOMOTOK0 CHMBOJIIB, SIKI BHMararoTh Nepekialy cneuu(iyHuX 3HaHb NP0 3aXBOPIOBAHHS B
CTaHJApTHY CHUMBOJIBHY (opmy. Ha mepmomy etami peecTpyeTbcsi MEIUYHUN (OH 3aXBOPIOBAHb
HUISXOM TPOBEACHHS OCOOMCTMX IHTEpB''0 3 JikapsMu Ta mnamiedHtamu. Ha npyromy erami
CTBOPIOEThCSA HaOIp MpaBWi, B SIKOMY KOXHe mpaBuiao MictuTbess B yacTuli SKILO, mo mae
cumnrtomu, i1 yactuHu TO, ska Mae 3aXBOpIOBaHHs, fKe Mae OyTH peani3oBaHO. MexaHi3Mm
BHUBEJICHHS 3aCHOBAaHUN Ha aJITOPUTMI 3I1CTABJICHHS 31 3pa3KOM, OCHOBHA MeETa SIKOTO — 3B's3aTh
(akTH 3 3aCTOCOBHUMH IPaBUIAMHU 3 Oa3H MpaBHIl.

VY crarTi [5] npeacraBieHa ekcliepTHa CUCTEMa J1arHOCTUKH paxiTy, sSka HaJae MalieHTaMm
JarHO3, peKOMEH allii 1 TIKyBaHHS HAa OCHOBI 0a3u 3HaHb €KCIEPTHOI CHCTEMH 1 JaHUX, OTPUMaHUX
BiJl malieHTiB. MeToo 1i€l eKCrepTHOi cucTeMHu Oylio po3Mi3HABaHHS KOPUCTYBAdeM CHMIITOMIB
3aXBOPIOBaHHS, 1100 BiH MII' BU3HAUUTH 3aXBOPIOBAHHS 1 MpUUYMHM paxiTy. Llg cucrema no3Bosse
3a0Ia/DKYBAaTH Yac 1 CHJIM TAIliEHTa, O3BOJISIOYM JIETKO IarHOCTYBATH paxiT depe3 MpOCTHi
iHTepdeiic kopuctyBaua. Ll excnepTHa cuctema Oyia po3poOieHa 3 BUKOPUCTAHHSAM OO'€KTHOI
moBu SLS5. IMamienTn 3 paxitom, 1o BUMPOOyBaIl €KCIEPTHY CUCTEMY, OyJd BpakeH1 TOUYHICTIO,
JIETKICTIO 1 IIBUAKICTIO A1arHOCTHKH, TOMY III0 CUCTEMa MICTUTh BCl MPUYUHH, BUIU PAXITY 1 JIETKO
OTpUMYE JaHi BiJ Mali€HTa JIs 11arHOCTUKU HOTO CTaHy.

V crarTi [6] aBTOpH pO3pOOISIIN €KCIIEPTHY CUCTEMY, 3aCHOBaHY Ha T1OpHUIHOMY aIrOpUTMI
BHUBEJICHHS 1 BCEOCSHKHUX 1HTETPOBAHUX 3HAHHSX, 100 JOTIOMOTTH €KCIEPTaM y IIBUIKIH 1 SKICHIN
JiarHOCTUIl 3aXBOpIOBaHb xpeOTa. [ KoXXKHOi aHOMamii TOYHI 1 KOMIUICKCHI 3HaHHA OyiH
OTpUMaH1 BiJ BIAMOBIIHUX EKCHEPTIiB 1 pecypciB. Ha oOCHOBI po3moaiiB WMOBIpHOCTEH 1
3aJIKHOCTEH MK CHMITOMaMH aHOMaJid KOXXHOMY CHMITOMY OyJ0 TPHUCBOEHO YHIKaJbHE
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YUCJIOBE 3HAYCHHs, BIIOME SK 3HA4YeHHS e(exTy aocToBipHOCTI. ByB po3poOneHuii HOBUI
riOpuaHUI aarOpuTM BHBEICHHS Ul OTPHUMAHHS YyJIOBOi IPOAYKTHBHOCTI, SIKMW BKIIIOYaB B cebe
BHUCHOBOK 3BOPOTHOTO JIAHII}OKKA 1 TEOP1I0 HEBU3HAUEHOCTI.

VY crarti [7] aBTOpHM pPO3pOOMIM CHCTEMY, 3aCHOBaHY Ha 3HAHHAX, SIKA BHUKOPHCTOBYE
00'exkTHUN MOBY SLS i mogaHHs mpoOieM 13 3y0amMu 1 sicHaMu. Y Tporpami onvcaHa MHOXKHHA 3
13 muraHb, Ha SKI TAIIEHT BIAMOBIB «Tak» abo «Hi». Uepe3 HUX 3HINCHIOETHCS KOHTPOJb
3aXBOPIOBAHHS 1 AKOCTI JIIKyBaHHs. [IpornoHOBaHa ekcriepTHa cucTeMa 34aTHa J11arHOCTyBaTH KiJIbKa
3aXBOPIOBaHb 3YyOiB 1 SICEH Ha PI3HHUX €Tamax >KUTTS JIFOJWHU, TOYMHAIOYN 3 TOTO, IO MAI[i€HTOBI
CTaBJISITh O€3J1i4 3alUTaHb Ha OCHOBI MOro OOJNLOBUX CHMITOMIB. Y KiHIII MPOMOHOBaHA CHUCTEMa
Jla€ peKOMEHallii, SIK JIIKyBaTh 3aXBOpIOBaHHs. [lallieHTH MOXXYTh OTpUMATH JiarHO3 MIBHIIIE, HIK
U TPAAULIHHOMY METO/Ii, TOMY BOHU MOKYTh 3a0LIaIUTH CBIN Yac 1 CHIIH.

TakuM 4YMHOM, 3 ypaxyBaHHSIM IIOCTAaBJICHOTO 3aBIaHHs 1 oOyacTi 3acTocyBaHHS, Oyio
OPUMHATO PIMIEHHS PO3POOUTH EKCIEPTHY CHUCTEMY Ha OCHOBI OiHapHOro JepeBa pilleHb 1
NPOAYKIIHUX PaBHUIL.

MeTtoro 1aHoi podoTH € po3poOKa eKCIepTHOI CUCTEMH Ul BU3HAUYEHHS 3aXBOPIOBAHHS 3a
aHamizoM kpoBi. [laHa cumcremMa Oyne CIYXHUTH JOJATKOBOIO CKCIEPTHOIO JOMOMOTOI0 JIs
JOCBIIUEHUX JiKapiB 1 (paxiBIiB MOYATKIBIIB, fKI B JIaJIOTOBOMY PEXHMI 3MOXYTh OTpPHUMATH
HEOoOXigHY iH(OpMAILIiTO.

MenuyHa ekcrmepTHa cHCTeMa, BUXOASYM 3 I[I0Ka3aHb KpOBI, IIOBUHHA ITOCTABUTH
norepeaHii AiarHo3 1 JaTu JikapsM-(QaxiBIsiIM PEeKOMEHJAlli M0 YTOYHEHHIO JiarHo3y Ha OCHOBI
IpaBWJL, SIK1 3aKJIa/ieH] B 0a3y 3HaHb.

VY pamkax peaizaiiii mocTaBjIe€HOI METH HEOOX1JHO BUPIIIUTH TaKi 3aBJaHHS:

—  PO3IJIAHYTH ICHYIOUI PillIEeHHsS B MEAWYHIN ramysi;

—  BU3HAYUTH L1 po3pOOKH, EKCIEPTIB 1 TUIIM KOPUCTYBAYiB;

— TPOBECTH 3MICTOBHUI aHali3 npobiaeMHOI 001acTi, BUSBUTH BUKOPUCTOBYBaHI MOHATTS
11X B3a€MO3B'SI3KH;

— BHOpaTH IHCTpYMEHTAJIbHI 3aCO0M 1 METO/IM MIPEJICTABICHHS BCIX BUIB 3HAHB;

—  3IIMCHUTHU HAIIOBHEHHs 0a3M 3HaHb NPaBUJIAMH;

—  CTBOPHTH IOIEPEIHIO BEPCII0 €KCIIEPTHOT CUCTEMH;

— TPOBECTHU OLIIHKY 0OpaHOIo NpeCTaBICHHS 3HaHb.

OcHoBHUIT MaTepiaa nocaigkeHHs. {11 po3poOKHU eKCHepTHOI CUCTEMH ISl 11arHOCTHKH
3aXBOPIOBaHb 3a aHAI30M KpoBi Oyia obpana ctatuyHa EC. Bona ckiiamaeTbes 3 TaKMX OCHOBHHUX
KOMITOHEHTIB: MOJYJb NPUUHATTA pillleHb (BHpillyBad), pobodoi mam'sTi, 6a3M OHTOJIOTIYHUX
3HaHb, MOJYJb OHOBJEHHS 0a3u 3HaHb (KOMIIOHEHT MpHAOAaHHS 3HaHb), OJOK TIOSCHEHb
(MOsICHIOBAJILHUM KOMIIOHEHT), MOAYJIb iHTepdeiicy cucTtemMHu (11a10roBuii KOMIIOHEHT) [8].

CrtpyKTypa CTaTHM4YHOI EKCIIEPTHOI CHCTEMH ISl TIarHOCTUKH 3aXBOPIOBAHb 3a aHATi30M
KpOBi 300pakeHa Ha PUCYHKY 1.

VYV naBeneHidl apxitektypi EC KOMMoOHEHT npuiOaHHS 3HaHb CIYKUTh ISl OTPUMaHHS
eKCHEepTHUX JaHMX, I CUCTeMaTH3allilo 1 MOMOBHEHHS iCHYI0UOi 0a3u 3HaHb. [HTepdeiic ciyXuTh
JU1s oOOMiHY 1H(QOpPMAIIIEI0 M) KOPUCTYBadeM 1 €KCIIEPTHOK CUCTeMO. Moaynb pobodoi mam'siTi
CIY)XUTh Ui OOpoOKM OTpUMaHUX JaHUX 1 BHJa4yl JIarHO3y KOPUCTYBAueBi-€KCIIEPTY.
[TosicHIOBaNTbHUN KOMIIOHEHT CITY>KUTh JUIsl TIOSCHEHHSI MPUYMHH, 10 ki EC Bumae Toil uu 1HIIMIMA
JiarHo3, 3 OMNIAAY Ha BXiJHI MapaMeTpu CTaHy KpoBi. BupimryBay poOuUTh aHami3 AaHUX, SIKi
HAJXOJIATh B KOPUCTYBayYa, 1 MpUHUMAae PillieHHs 11010 iarHo3y [8].
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[y

v

Bupiwysay
G838 3HaHL NOKA3aHs
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Pucynok 1 — CtpykTypa cTaTU4HOI €KCIIEPTHOI CUCTEMHU

Jlist pearizariii eKCIepTHOI CHCTEMH BHU3HAUCHHS 3aXBOPIOBAHHS 3a aHATI30M KpoBi Oyia
oOpana npoaykiiHa Mojenb. [lepeBa pilieHb — OJIUH 13 CIIOCO01B OLIIHIOBAaHHS 1 00POOKK MeAUYHOL
iHdopmartii. [im Buxonars 3 00'ekTUBHUX MOTPeO 1 MaroTh iepapxiuauii xapaktep [8]. [lobymnoBa
nepesa pimenb EC oOymoBieHa 300pa’keHHSIM MOCIIIOBHOCTI MPUHHATTS pIIIEHHS JIIKapeM Hpu
pO3MMQPOBLI aHali3y KPOBI.

Byno npuitHsaTO pieHHs Bizyalli3yBaTH MPOLEC TOCTAHOBKY A1arHO3Yy, 1e 0e3/14 NpoyKIin
1 BUXIJTHUX JIAHUX TIPEACTABJICHO Yy BUTJISA1I OIHApHOTO JAepeBa pimieHb. [Ipukian Takoro aepesa
NpEeJCTaBICHUN Ha PUCYHKY 2.

v HOpMi 3HIDKEHO

JHHACSHO

v HOpML

MIIBHIISHO

Tybepkynrp03 Boguanka AHeM1d Mamspis

Pucynok 2 — JlepeBo NpuHHATTA pillIeHb IPHU MOCTAHOBLII /1arHO3Yy 3a aHaAJIi30M KpOBi

Jns GiHapHOTro JAepeBa pillleHb Ha PUCYHKY 2 MHOXHHA NpaBWJl OyJe MaTH HACTYMHUI
BUTJISL

1. SIxmo X1 = 3HMKEHO Ta X2 = 3HI)KEHO Ta X4 = 3HWKEHO Ta X5 = 3HIKEHO TO y = aHEeMisl.

2. Sximo Xy = 3HM)KEHO Ta Xg = IMIBUIICHO TO Y = OHKOJIOTSI.
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3. Skimo X3 = miIBUIIEHO Ta X7 = MMABUIIEHO Ta Xg = IMABUIIEHO TO Y = TyOEepPKYIb03.

4. SIkmio X; = 3HWKEHO Ta Xz = 3HUKCHO Ta Xg = MIJBUIICHO Ta X7 = 3HMKCHO TO y =
MaJsIpisi.

5. Skmo Xx; = 3HWKEHO Ta X3 = 3HWIKCHO Ta X7 = 3HIDKEHO Ta Xg = MIJBUIICHO TO y =
CHCTEMHA YepBOHA BOBYAHKA.

e x; — RBC — epurponurtu, x; — HGB — remorno6in, x3 — WBC — neiikouutu, x4 — HIT —
KoJIipHU# 1Toka3HuK, X5 — HCT — remarokpur, x¢ — RET — petukynouutn, x7 — PLT — Tpomboniutu,
Xg — ESR — IIOE, y — niaruos.

VYci 3HaHHa Oynu oTpuMaHi Bif JikapiB TepamneBTiB B OOiacHiil JiKapHi 1HTEHCHBHOTO
JikyBaHHS Ta Mapiymonbcbkoi Micbkoi JikapHi Ne9, a TakoX BiJl TNPHBATHOTO JIKaps
HEBPOIIATOJIOTA.

MopnentoBaHHsS 1 TeCTyBaHHs 0a3u 3HaHb MPOBOJMIIOCS HA OCHOBI «Mayoi eKcrepTHOI
cuctemu». lle nmo3Bonmino noOUTHCS 3aM0BUIBHOT TOYHOCTI B IMOCTAHOBLI JiarHo3y. Ha ocHOBi
otpumanoi b3 GyB po3poGieHuii MPOTOTHII eKCIepTHOI cucTeMu. Moro poGoTa mpejcTapieHa Ha

PUCYHKY 3.

B | MES by Blood testing - O *

HiHoua w 18 - 45 pokie LY
BrcHOBOK

RBC 2.1 | HCT |39 | CHCTEMHA YEPBOH3 BOBHAHKA
HGEB (142 RET |1.2
WBC (3.5 FLT 124

CI 0.98 ESR -1_5

Confirm

Pucynok 3 — JleMoHcTpalis poOOTH MPOTOTUITY METUYHOI €KCIIEPTHOI CUCTEMHU

Hanuii mpototun OyB po3pobieHuii Ha MoOBI mporpamyBaHHS C++, BHUKOPHUCTOBYIOUH
KpocmiaThopMOBHUIl IHCTpYMEHTapiil po3poOKku mporpamHoro 3ade3neueHHs Qt.

BUCHOBKHA

Y Xoal mpoOBeIECHHS JOCIIKEHHS Oylo 3'dcoBaHO, IO B JaHUH dYac He ICHYe
IHTENIEKTYaIbHOI CHCTeMH, SKa Moryia O TOCTaBUTH J1arHO3 3a aHalli3oM KpoBi. Tomy Oyio
OpUNAHATO pIIIEHHS OTPUMATH 1 CHCTEMaTH3yBaTH 3HaHHS JiKapiB-(axiBIiB g pO3pOoOKH
MEIMYHOI EKCIIEPTHOI CUCTEMHU.

Ha ocHoBi oTpumanux 3HaHb Oyna crBopeHa b3 y Burmsai npaBun mpoaykiii. Jlis
Bi3yastizallii mporecy moCTaHOBKH JilarHO3y Oysio BUOpaHO OiHapHE JAEpEeBO PIIICHb.

[lincymxkoM poOOTH € MPOTOTHUN EKCHEPTHOI CHCTEMH BH3HAYEHHS 3aXBOPIOBAHHS 3a
aHaJi30M KpoBi. Y MallOyTHbOMY IIAHYETHCS 30UTHIICHHS 0a3W 3HAHB 1 JIOJaBaHHS B CHUCTEMY
HOBHX KJIIHIYHHUX JTOCIIKEHb JUIs OUTBII HMpoKoro Bukopuctanus EC.
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®enocona U. B., Cmerannukona E. A.

IKCIHIEPTHASA CUCTEMA ONIPEJAEJIEHUSA 3ABOJIEBAHUS 11O
AHAJIN3Y KPOBHA

Hcnonvzoeanue unmennekmyanvHulx ungopmayuonnvix cucmem (MHUC) 6 cghepe oxpamvi
300posbsi cmanosumcs. ce 6onee akmyanroHviM. C Ux noMOwblo MONCHO CUCMEMAMUIUPOBANb
3HAHUSA CNeYUAIUCmos, Ymoobwvl 8 OalbHeuueM UCNOIb308aMb UX OJisl NOMOWYU 8 NPUHAMUY DeUleHUll
8 CIOJCHLIX 3a0auax uiu onacHelx cumyayusx. IIpobrema meouyuHvl 3aK104aemcs ¢ mom, ymo,
yawge 8ce2o, OaHHble 01 NOCMAHOBKU OUACHO3A NPEOCMABIeHbl  3anyMAHHLIMU KIUHUYECKUMU
nokasanusamu. Iloomomy ucnonvzosanue UUC cmanosumcs neobxooumvim, 6e0b om CKOpOCHU
Ppeakyuu 8pavya 3auUcum JdCuUsHb U 300p06be NAYUeHmd, a CUCEeMbl NOMO2Ym eMy Ovicmpee U
yeepenHeli NOCMasumy 8ePHbIUL OUALHO3 UTU NOOMOIKHYMb €20 8 6ePHOM HANPABIEHUU.

B pamxax oannou pabomwvl Obliu UCCIE008aHbI CYUeCmsayloujue dKCnepmHbvle CUCeMbl 8
meouyunckou  ompaciu. B nacmoswee epems IOC nomoearom  epauam-cneyuanucmam
OUazHOCMUpo8ams  3a001e6aHUs  COCOUHUMENbHbIX — MKaHell,  O0enpeccugnvie  COCMOSHUS,
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3abonesanus 2na3, UHQeKYUuoHHble 3a001e6anUsl, 1e20UnblX 3abonesanuti u np. Ho Hu oOHa u3 Hux e
nomozaem 9KCNepmam 8 NOCManosKe OUAeHO3ad N0 AHAAU3Y KPOBU. MO NOMO2N0 Obl CIKOHOMUMb
MHO20 8peMeHU MOJIOObIM 8PA4aAM U NOMOYb UM 8 0OYUeHUU.

Jlaunas cmamoesa noceawena paspabomke MeOUuyuHckou dxcnepmuou cucmemvl (MIC),
Komopas 6yoem cmasums npeosapumebHbill OUACHO3, OCHOBbIBASICH HA AHAIU3e Kposu. B xoode
UCCIe008aHUsi ObLIU U3VUEHbl DA3HLIE aAPXUMEKMYPbl IKCHEPMHbIX CUCMEM U  MemoooI02UU
npeocmasnenus 3uanutl. /s peanusayuu MIC dvina evibpana cmamuyveckas cmpykmypa IC, a 0ns
Mooenupoganus 6azvl 3uanuii (b3) ucnonvzosanucsy npoOyKyuoHHbvle NPAsuUld U OUHAPHOE O0epeso
pewenuti. Ilpasuna cocmaegnsanucy Ha OCHOGe CUCMEMAMU3AYUU 3HAHUL NOJIYYEHHbIX Om 8payell
eopooa Mapuynons. Paszpabomxa b3 npogoounace c¢ ucnonvzoeanuem "Manou sxcnepmuoi
cucmemul”, nocie ue2o OvbL1 peanu306aH NPOMOMUN IKCHEPMHOU CUCTNeMbl HA  sA3bIKe
npoepammuposanus C++.

Knrouesvie cnosa: meouyunckas dKkcnepmuas cucmema, 0a3a 3HAHUL, AHATU3 KPOBU,
ouacHo3, 0epeso peuieHutl, NPoOYKYUOHHbIEe NPABUILA.

Fedosova I. V., Smetannikova Y. A.

EXPERT SYSTEM FOR DETERMINATION OF DISEASE BY BLOOD ANALYSIS

The use of intelligent information systems (I1S) in health care is becoming more and more
relevant. With their help, it is possible to systematize the knowledge of specialists in order to further
use it to help in making decisions in difficult tasks or dangerous situations. The problem with
medicine is that, most often, the data for making a diagnosis are presented with confusing clinical
indications. Therefore, the use of I1IS becomes necessary, because the patient's life and health
depend on the speed of the doctor's reaction, and the systems will help him to make the correct
diagnosis faster and more confidently or to push him in the right direction.

As part of this work, the existing expert systems in the medical industry were investigated.
Currently, ES help specialist doctors diagnose connective tissue diseases, depressive conditions, eye
diseases, infectious diseases, pulmonary diseases, etc. But none of them helps experts in making a
diagnosis based on blood tests. This would save a lot of time for young doctors and help them learn.

This article is devoted to the development of a medical expert system (MES), which will
make a preliminary diagnosis based on a blood test. In the course of the study, various architectures
of expert systems and methodologies of knowledge representation were studied. For the
implementation of the MES, a static structure of the ES was chosen, and for modeling the knowledge
base (KB), production rules and a binary decision tree were used. The rules were drawn up on the
basis of the systematization of knowledge received from the doctors of the city of Mariupol. The
knowledge base was developed using the "Small Expert System", after which a prototype of the
expert system was implemented in the C++ programming language.

Keywords: medical expert system, knowledge base, blood test, diagnosis, decision tree,
production rules.
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