KPATKWUE COOBLUEHNA

VIK 615.47, 616-71, 004. 383.3
HNOJYYEHMUE CIIEKTPOB QJIEKTPO®U3NOJOIM' NYECKHUX CUTHAJIOB
B PEKUME PEAJIBHOIO BPEMEHH'
J.B. Toaxosuu®, E.C. Auagpnanosa®
? Cankr-ITerepOyprekuil HAIMOHATBHBIN HCCIENOBATENbCKUM YHABEPCUTET MHM)OPMAIMOHHBIX TEXHOJOTHM, MEXaHUKH M
ontuku, Cankr-IlerepOypr, Poceus, PYBY @inbox.ru
PaccmarpuBatotcs IpoOJIeMbl TIOTyUYECHHs CIIEKTPOB AIEKTPO(GU3HOIOrHYECKUX CHIHAJIOB, 3aBUCUMOCTH PE3yJIbTaTa AUarHo-
CTHKH OT 3allyMJICHHOCTH JaHHBIX U KBaJU(UKALMHK dKCIepTa. Pa3paboTaH MOIY/b OLCHKH aMILIUTYIHO-YACTOTHBIX CIICK-
TPOB OHOCHTHAJIOB B peallbHOM BpeMeHH. [IpuBoauTCs 001uasi cxema MOIKIFOUCHHS U3MEPHUTEILHOIO MOMY/ISL K CIIEKTpOaHa-
JM3aTOPY B COCTaBe MHOTO(YHKIMOHAIBHOIO JUArHOCTHYECKOro KOMIUIekca. Moyib peain30BaH Ha 0a3e MUHHUKOMITbIOTE-
pa Cubieboard A20. OcyuiecTBisieTcsl HENPEePhIBHOE pa3jioKeHHe CHrHaNoB (10 32 KaHAJIOB) Ha (parMeHTHl PaBHOH MpPo-
JOJDKMTEIBHOCTH M MX HE3aBUCHMas MareMaThyueckas oOpaboTka MO KaKIOMy M3MEpUTENbHOMY KaHaiy. IIpersioxkeHHOe
YCTPOIICTBO MO3BOJISET AHAJIU3UPOBATh IMHAMUKY N3MEHCHHUH CIICKTpa B PEAIbHOM BPEMEHH.
KiioueBble ¢JI0Ba: CIEKTPalbHBIN aHau3, dHIedanorpad, GU3HONIOrHuecKue CUrHaNbl, HECTAllMOHAPHbBIC CHTHAIIBI, JIHar-
HOCTHUYECKHUI KOMILIEKC.
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The paper deals with the issues of spectra acquisition for the electrophysiological signals, diagnostics result dependence on the
noise level and expert’s qualification. A real-time module for amplitude-frequency spectra estimation of electrophysiological
signals is designed. A general diagram of connection between measuring module and spectrum analyzer (as a part of multifunc-
tional diagnostic system) is shown. The module is realized on the base of Cubieboard A20 minicomputer. It provides continuous
decomposition of signals (up to 32 channels) into fragments of equal length and their independent mathematical processing for
each measuring channel. The suggested device makes it possible to analyze the real-time dynamics of spectrum changes.
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JIitst o1leHKH (PU3HOIOTUYECKOTO COCTOSIHUS YEIOBEKa MCIONB3YIOT Pa3IMYHBIC METOIBI PETHCTpAIiy OHO-
JIOTUYECKUX CUTHANIOB. K 3J1eKTpOQH3HOIOrnIecKnM CHTHAIAM OTHOCSITCS 3JIEKTPO3HIe(aIorpaMma, SeKTpoKap-
JOTpaMMa, dJIeKTpoMHuorpamma U T.1. CoBpeMeHHBIE IPHOOPHI CIIOCOOHBI COXPAHATh M BH3YaJIH3HPOBATH 3apEeTH-
CTPUPOBAHHEIEC CHTHAJIBI, 00pabaThIBATh UX B PEXKUME PEaIbHOTO BPEMEHH (HAKOIDICHHUE, YCHIICHNE, (DMITBTpalis 1
T.1.). Pan mpubopor obecrieunBaeT BOZMOXKHOCTh MaTeMaTHYeCKOW OCTOOpabOTKH CHrHajia (B YaCTHOCTH, CIIEK-
TPaJbHBIA aHAIN3), OIHAKO PE3YNbTaT € WCIIOJIH30BAHUS CYIIECTBEHHO 3aBHCHT OT KBaJH(UKAMU MEpcoHaja.
OCHOBHOM NPUYMHON OTCYTCTBHS B MPHOOpaxX AaHHOTO KJacca BU3yaIM3allMU CIICKTPOB B PEXKHUME PEajbHOTO
BPEMEHU SIBJISICTCSI CIIOKHAS TIPUPOJIa OMOCUTHAJIA, XapaKTEPU3YIOIIETOCs HaTMYKeM moMeX (IIyMoB) (PU3HOJIOTH-
YECKOT0 U MHCTPYMEHTAIILHOTO MPOUCXOXKICHUS, 3aTPYIHAIOIINX Kaue€CTBEHHBIN aHaIu3 CUTHaJja.

CriekTpanbHbIH aHaau3 B (PU3UOJIOTHYECKUX HCCIICIOBAHUSX BBITOIHICTCS CICIYIONIIM 00pa3oM: UcClie-
JIOBaTEIb C YUETOM CBOCTO OIBITA BHIIEIACT (PPArMEHTHI, UMCIOIINEC BUIUMBIC H3MCHEHUS 3apETUCTPUPOBAHHOTO
mpUOOPOM CHTHANA, JUISl MOCICIYIOIIETO aHalliu3a. JTOT MPOIECC BO MHOTOM 3aBHCHUT OT MacTEpCTBa IKCIEPTa,
TaK KaK (U3HOIIOTUICCKAN OMOCUTHAI UMEET CIOKHYIO (POPMY H SIBIISICTCSI KOMITO3UIIMEH HECKOJIIBKAX CUTHAJIOB
C Pa3MUYHBIMA aMIUTUTYJHO-YACTOTHBIMH XapakTepucTukami [1, 2]. CrieKTpaiabHBIA aHATH3 TTO3BOJISET OLCHUTH
M3MEHCHHE aMIUTUTYIHO-YACTOTHBIX XapaKTEPUCTUK (HU3HOJOTHYECKOTO CHUTHAJa IMPH HM3MEHEHHH BHEIIHUX
BO3/ICHCTBHIA B pa3IMuHbIe MOMEHTHI BpeMeHH [3—-5].

Oco0eHHOCTRIO (PU3MOJIOTHYECKUX CHUTHAJIOB ABJSIETCA TO, OHH MOTYT UMETh 3HAUUTEIBHYIO IPOIOIIKH-
TENBHOCTh M Pacloiarathcsi B HU3KouacToTHOU o6mactu crekrpa (ot 0,01 I'm mo 150 I'tr). DT0 BEI3BIBAET CIIOXK-
HOCTHU TIPU UX PETUCTPAIMK U MOCIICAYIOIIeH MatemMaTHueckoi oopadotke [1]. JlanHast mpobiemMa MOXKET OBITh
pellieHa pa3IuyHbIMU METOJaMH, HapUMEP, METOAOM «BbI3BAHHBIX MOTEHIIMAJIOB», B KOTOPOM JJIsl TIOCJIEYIO-
IIET0 aHajM3a HMCCIIEI0BATe]IeM BBIICISIOTCA (PArMEHTHI CHTHAJIA ONPEACICHHON JUIMTEIBHOCTH (HArpuMmep,
500 mc). dparMeHTHI CUTHAIA, OKa3aBIINECs 32 TPAHUIICH BBIICIICHIUS, aHATH3Y HE TIOJABEPTalOTCs.

Hcnonp3oBanue criekTpoaHaiu3aropa i 00paboTKH MEKTPO(U3NOIOTHYSCKUX CHTHAJIOB B PEKUME
PCANTBHOTO BPEMEHU IO3BOJUT HAONIONATh MUHAMUKY HM3MEHCHHS CICKTPOB, BU3YalH3HUPOBAThH ITOyYCHHEIC
JIAHHBIE O CIIEKTPE, a TAK)XKE COXPAHITh U B JAJIbHEUIIEM BOCIPOU3BOAUTD UX MPH MOCIEAYIOUIMX UCCIEI0BaHU-
sx. B Hacrosmied paboTe mpemyaraeTcsi HCIOIb30BaTh CIIEKTPOAHAIN3aTOp B KaueCTBE KOMIIOHEHTa MH(OpMa-
[IMOHHO-U3MEPUTENFHOTO KOMIDIeKca [6] s perucrpanuyd OMOCHTHANIOB IMPH HCCICIOBAHWU HANPSKCHHOM
HEPBHOH JiesiTenbHOCTH. MOoJylib 00pabOTKH CIIEKTPOB MpencTaBisieT codoit munukoMiibiorep Cubieboard 20 co

! PaGora BhmonHeHa B pamkax peamm3anun OLIT «Hay4nsle n HayuHO-NIeHarornyeckue Kaapel HHHOBAMOHHOH Poccuny Ha
2009-2013 roxs! no Teme «lccnenoBanue HeCTaMOHAPHBIX (PU3NOIOTHYECKUX CHTHAJIOB M M300pa)KeHUH IPH UHTEIUICKTY-
QJIBHOM JICSITENIEHOCTH € TIOMOIIIBI0 MHOTO(YHKIMOHAJIBHOTO AUAarHOCTHYECKOTO H3MEPHUTEIBHOTO KOMILICKCa.

2 Done in the framework of Federal Target Program «Research and scientific-pedagogical personnel of innovative Russia»
for 2009-2013 entitled «Study of non-stationary physiological signals and images at intellectual activity by the multifunction
diagnostic measuring complex»
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CHeUATM3UPOBAHHBIM IPOrPAMMHBIM oOecrieueHreM. BbIOpaHHbINH KOMIIBIOTEP Pean30BaH Ha OTKPHITOW apXu-
tekrype ARM (Advanced RISC Machine — ycosepiieHcTBoBanHast RISC-marnHa) Ha 0ase qBysIepHOTO Hpo-
neccopa a20 Cortex™-A7. K nopty MaTeprHCKO# IUIaThl nojikiIro4YeHa Bugeokapra Mali400 MP1 ¢ nonuepikkoit
OpenGL ES 2.0/1.1 u anmaparasim nexogepom H.264, takke 1GB DDR3 480 MI'1; onieparuBHON mamsitu. HMc-
nojb3oBanue ARM-mporieccopa MO3BOJSIET YCKOPUTH OJHOIOTOYHBIC BBIUMCIICHHS Onaromaps YBEIUYCHHUIO
«IJIOTHOCTH» 00pabaThiBaeMbIX JAaHHBIX. VIcmoabp3yemMblii HAOOp KOMaH]I MOJIC3CH Isl OpraHU3aluy UTePaIuoOH-
HBIX BBIYHUCIIUTCIBHBIX MPONECCOB, B TOM YUCJIC IIPU PA3JIOKCHUU CUTHAJIOB B CIICKTP.

3aperucTpUPOBaHHEIC AIEKTPOPUIUOIOTHICCKIE CUTHAIBI MOCIEe ONU(GPOBKU TOCTYMAIOT HA MOJIYNb
CHECKTPOAHAIHM3ATOPA, TAC MOABEPTralOTCs MaTEMATHUSCKOW 00pabOTKe MO PA3IOKEHHUIO UX B CIICKTP; ITOIYUYCH-
HBIC PE3YNIBTATHl COXPAHSIIOTCS B BUIC PsAla CEPUI HA OTIEIIFHOM HOCHTENE W BHIBOJSTCS HA CIICIHATN3UPOBAH-
HbIi MOHUTOp. [IpeaniokeHHas: cxeMa MOAKIIOYCHHUs CIIEKTpoaHaiu3aTopa (PUCyHOK) MO3BOJISIET O3 MOACPHU-
3alUK UCMOIb3YEeMOT0 MEAUIMHCKOTO TPHOOpa mepexBaThiBaTh U 00pabarsiBaTh JaHHBIC HE3aBUCHMO OT aliro-
PHUTMOB, 3aJI0)KEHHBIX B PETHCTPUPYIOLIEM rpudope.

CriekTpoaHamu3aTop
OHnedanorpad —» Ha Oase
MUHHUKOMITHIOTEPA

A

HcnbiTyeMmblii KowmnsroTep »  Monurop

Monutop

PVICYHOK. brnok-cxema B3anmogencTBusa KOMNOHEHTOB ANArHOCTUYECKOro KoMMiekca

B Momyne crnekTpoaHanu3aropa peajqn3oBaHa BO3MOXKHOCTh INapajuleNIbHOW HE3aBHCHUMOW CIIEKTPaJIbHOM
00paboTKM KaKAOTO KaHaja B OTHENBFHOCTH (OT ogHOTO A0 32 kKaHaioB). CHEeKTpoaHAIN3aTOp IO3BOJIET MIpUMe-
HSTH Pa3lAYHBIC BHUIBI MaTeMaTHUCCKUX MPeoOpa30BaHUI Ul BBHINENICHHUS CIICKTPAIBHBIX KOMIIOHEHTOB HCCIIE-
IYEMBIX CHTHAIOB [7]. MOIyITb MOXKET UCIIOIB30BATHCS COBMECTHO C JFOOBIMHU NIEKTPO(PU3NOIOTUISCKUMH TIPH-
6opamu (Muorpadsl, kapauorpadel, sHuehanorpadbl ¢ KOJIMIECTBOM KaHAIOB /10 32), MO3BOJISIS MOIY4UTh Oolee
TIOJTHOE TIPE/ICTABICHHE O COCTABIIIOMINX HIEKTPOPU3HOIOTHYECKOT0 CUTHAIIA TI0 3apETUCTPUPOBAHHOMY CIIEKTPY,
ClIeIOBaTEIbHO, 00ecreunBasi OOoJIbIle BOSMOKHOCTEH /ISl aHAITM3a TaHHBIX 1 MEINIIMHCKOI ANArHOCTHKH.

[TporpammHOe obecriedeHre CreKTpoaHaln3aTopa 00eCcIeunBaeT HENPEPHIBHOE PA3JIOKEHNUE PErHCTpH-
pyeMoro cursaia Ha ()parMeHThI paBHOM JTUTEIBHOCTH U MOCTCIYIOIIee PUMEHEHHE K 3THM (parMeHTaM Ma-
TEeMaTH4YeCKHUX NpeoOpa3oBaHuil. ImuTeIbHOCTD (hparMeHTa BHIOMpaeTCs 10 Havyajla NCCIEA0BaHUS U B IIpoliecce
uccienoBaHnsl He MeHsieTcs. JlajpHeilee yCOBepIIEHCTBOBAaHNE YCTPOMCTBA CBS3aHO C pealiM3aluei 3armmcu
PEe3YJIbTaToB CIEKTPAJIBLHOTO aHAJIM3a B COOTBETCTBUU CO CTaHAApTOM MeAuUMHCKUX AanHbix DICOM 3.0.

PazpaboraHHBIi CIIEeKTpOaHATU3aTOp B BHIEC OTACIBFHOIO MOXYJIS BXOOUT B COCTaB MH()OPMAIIMOHHOTO
U3MEPUTEIFHOTO KOMIUIEKCA JUIS MCCIIENOBAaHISI HECTAIMOHAPHBIX (PH3MOIOTHYECKUX CUTHAIIOB [6, 8], paspabo-
TaHHOTO coBMecTHO coTpyaHukaMu kadenpet UTuKT HUTY UTMO u otnena sxomorudeckor ¢pusuonornn Ha-
YYHO-HCCIIEIOBATEIbCKOTO HHCTUTYTa SKCIEpUMEHTaIbHON MequuuHel CeBepo-3amanHoro otaeneHus Poccuii-
ckoit akagemun MeaunuHCKuX Hayk (HUMOM C30 PAMH). B macrosiiee BpeMs CEKTPOAHAIA3ATOP IPOXOAHT
ucnbITaHus B Jaboparopun Heriposxonorun HUMOM C30 PAMH.
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