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The Russian Bavarian Conference on Biomedical Engineering (RBC) was founded 2005 in Munich. Thereafter, the conference
established itself as a fruitful information exchange platform for researchers from Russia and Germany. The conference location
alternated equally between cities in Russia and the southern part of Germany. After the successful 8" RBC conference in Moscow the
steering committee decided to broaden the focus and establish a new conference: the Russian German Conference (RGC) on Biomedical
Engineering. The goal is to serve as meeting point for information exchange and as venue for initiating bilateral Russian German
research projects within the conference’s scope. The first RGC on Biomedical Engineering took place in 2013 Hanover, Germany.
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Poccuiicko-baBapckasi koHdepeHuusi no GuomMeanumnHckon nHxeHepun (PBK) 6bina BrnepBble nposefeHa B 2005 r. B r. MioHxeHe. C

3TOr0 MOMEHTa, KOHdepeHUMs npeacTaBnseT coboi NpoayKTVBHYKO nnatdopmy ans obMeHa MHGOpMauuM ydeHbiMU U3 Poccum u

['epmaHuun. MecTo npoBeaeHnst koHdepeHuun YepeaoBasnock Mexay ropopamm Poccum 1 tOXKHOW YacTh FepmaHuu. Mocne ycnewHow 8-

KOHdepeHumn PBK B MockBe, pyKOBOAALWMM KOMUTET pelnn paclumputb MHQOPMALMOHHOE MoNne W OpraHvM3oBaTb HOBYHO

KOHdepeHUMto — Poccuiicko-TepMaHckyto  KoHdepeHumto. OCHOBOM 3ajadveit SBASIETCS  OpraHusaums BCTpeuu ans obMmeHa

nHcbopMaumen, a TaKke ANS WMHULMWMPOBAHWSI POCCUIMCKO-TEPMAHCKMX WCCNeA0BaTEeNbCKUX MPOEKTOB B paMKax MpoBOAMMON

KoHdepeHuum. MepBas Poccuiicko-MepMaHckas koHdepeHumns Brepsble 6bina nposeaeHa B 2013 r. B FepMaHuu B . FTaHHOBEpE.
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BepcuteT uM. H.3. baymaHa, MockBa, Poccusi

2009: 5-7 Poccuiicko-BaBapckas KoHdepeHums No 6uoMeanmumnHCKon nHxerepumn, 01.04 — 04.07.2009, MioHxeH, MepMaHus
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Development of Software System for Restoration of Mimic Activity of Patients with Aphasia
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IIporpaMMHBIii KOMILIEKC 151 BOCCTAHOBJICHHSI MUMHYeCKOi aKTHBHOCTH Npu ada3znn
Honuwyx A.A., Anonnonosa H.A.
MI'TY umenn H.D. baymana, Mocksa, Poccus
IIporpaMMHEII KOMIIIEKC NpeaHA3HAYeH Ul BOCCTAHOBIICHUS PEYM U MUMUYECKOH aKTHMBHOCTH y NAIMEHTOB, MEPEHECHINX
3aboeBaHusl, ClocoOCTBYIONIME pa3BUTHIO adasuu. [IpencraBnensl TpeOOBaHUS K MAKCUMAJIBHON OMYCTUMOM MOTPEIIHOCTH
HPH aBTOMATHYECKOH PACCTAHOBKE KOHTPOJIBHBIX TOYEK, OLEHKE MPaBUIBHOCTH U pabOTOCIIOCOOHOCTH BBIOPaHHOI METOANKH
JIeIeHMSI.
Knioueswie cnoea: NHCYNbT, peabUIUTAIMS, KOHTPOJIBbHBIE TOUKH, ada3usl.

Development of algorithm for HR determination for athletes
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Auaroputm onpeneienuss YCC 1iist cnoprcMeHOB
Kyzaxuna U.A.
MI'TY umenu H.D. baymana, Mocksa, Poccus
IIpencraBnennsiii anroputm omnpexenenus YCC npeaHasHaueH Ui OMpPEAENICHUs] OCHOBHOTO TapaMeTpa OLEHKH (yHKIHO-
HaJTbHON MOATOTOBJIEHHOCTU CIOPTCMEHOB B PEXUME PEaNbHOTO BPEMEHU B YCIOBHUSX CIOPTHBHOI apeHsl. OneHKa mapa-
MeTpa MPOUCXOAUT METOJIOM 3JIEKTPOUMIIEAAHCHOI peorpadun. DP(HeKTHBHOCTS U TOYHOCTH ANTOPUTMa MOATBEP KIAeTCS Ha
peaNbHbIX CUTHANIAX.
Knioueswvie cnosa: hyHKIMOHANBHAS HOATOTOBICHHOCTS, peorpadust, YCC, anroputm.

Clinical signs of different types of pigmented skin lesions for early diagnostics

for the purpose of early detection of precancerous skin changes

Elena Rimskaya, Irina Apollonova, Alexsandr Nikolaev, Konstantin Kudrin, Igor Reshetov,
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Knnnnyeckne NpU3HAKH Pa3IMYHBIX THIOB MUTMEHTHBIX HOBOOOPA30BaHUH KOKH
B PaHHell JUarHOCTHKE C 1eJIbI0 BbISIBJICHHS NMPePAKOBbIX H3MEHeHH I KOXKH
Pumckas E.H.!, Anoanonoea U.A.", Huxonaes A.IL", Kyopun K.I". >, Yepnomwipoun H.B.",
Pewemos U.B.?, 3aiiyes K.1.*
' MI'TY umenu H.D. Baymana, Mocksa, Poccust
2 HOKI] mnactuueckoii xupypruu [BOY BIIO IlepBblii MOCKOBCKHIT TOCYIAPCTBEHHBIH MEIMIMHCKUI YHUBEPCUTET

um. .M. CedeHoBa
3 O® PAH um. AM. Tlpoxoposa
Cpenn Bcex HOBOOOpa30BaHMI KOKH 0c000e BHAMAHHE YACIISIETCS MeJaHOME HM3-3a ee KpalHel arpeccHBHOCTH. I10CKOIBKY
3¢ PEKTHBHOCTD JICUCHUS] MEJIAHOMBI CHJIBHO 3aBHUCUT OT €€ paHHEeH NUAarHOCTHKHU, Pa3pabOoTKa HOBBIX BEICOKOI((EKTHBHBIX
METOJIOB PAaHHETO BBISIBICHHS JMCIIACTUYECKUX HEBYCOB M METAHOMBI KOXKH i1 Situ OCTAeTCsl KpaiiHe aKTyanbHOIl mpoOiemoit
COBPEMEHHON MEIMIMHBI, NPUKIaJHON (QU3UKH ¥ MHXEHEPHBIX HayK. IIepCreKTUBHBIM MyTeM MOBBIIEHHUS 3()PEKTUBHOCTU
paHHEel! HeMHBA3WBHOHN IHArHOCTHKU MEJIAHOMBI SIBIISIETCS HCIIOJIb30BaHUE aBTOMATH3UPOBAHHBIX KOMIUIEKCOB, UTO MO3BOJIAET
OIIpeneIATh KIMHNYECKNE MPU3HAKY MTUTMEHTHBIX HOBOOOPa30BaHUH KOXKH, OCHOBBEIBASICH HA aHAIM3€ JAHHBIX KIMHUYECKOH
JHaTHOCTUKH.
Kniouesvie cno6a: TUrMEHTHBIE HOBOOOPA30BaHUH KOXKH, KIMHUYECKHE IIPU3HAKU, METaHOMa, IUCIUIACTHYECKUH HEBYC.

Effect of temperature on electrical cell conductivity of human erythrocytes

Chadapust Sudsiri and Raymond Jame RitCRIE ...............ccccoceuioiriiiininiiiiiiiiieieeeeeeete ettt sttt ettt st eneene 8
Bimnsinue TeMnepaTyphl Ha 3JeKTPHYECKYI0 MPOBOINMOCTb IPHTPOLUTOB YeJ0BeKa
Cyocupu Y./[xc., Pumuu 3. [orc.
Yuusepcurtet Ilpunna Conrkna, Taitnana
IIpoBeneHo mcciemoBaHHE HUTOINIA3MATHUECKOW JJIEKTPHUUECKON NPOBOAMMOCTH IPHUTPOLMTOB UYENIOBEKAa IPH Pa3HOIl TeM-
neparype. JlaHa SKCIIepUMEHTalIbHASI OLICHKA 00beMa KIETKH U COJIep)KaHUs KIETOYHOM BOJBI B 3aBUCHMOCTHU OT TEMIIEpaTy-
Pbl, 110 KOTOPHIM ObLI BBITIOJIHEH PacyeT LUTOINIA3MATHYECKON ICKTPUUECKOi TpoBoauMocTH. [Ioka3aHo, 4TO LUTOIIa3MaTH-
qecKas 3JIEKTpUUECKask POBOAUMOCTh IPUTPOLIUTOB MOXKET OBITH OLEHEHA HE3aBUCHMO OT MCCIEIOBAHHS AMUAIEKTPUUECKUX
CBOMCTB KIIETOK.
Knioueswie cnosa: myTonnasMaTudeckas 3eKTPOIPOBOTHOCTh, TEMIIEPATypPHAs 3aBUCUMOCTD, S3PUTPOLUTEL, 00bEM KIETKH.

Development of the infrared images processing algorithm for the automatic detection

of the early stage of periodontal disease

Leonid Akulenko and Alexander KOIPAKOV .............ccocoooiriiiiiiiiiniiieiieteee ettt sttt sttt sttt e eaees 12
Pa3pa0oTka aaropurMa aBTOMaTHY€CKOro 00HApy:KeHUsI PAaHHEH CTaAuu BOCHAJCHUS
MSATKHX TKaHeH NapoJ0HTa HA MHPPAKPACHBIX H300paKeHUAX
Axynenxo J1.O., Konnakos A.B.
MI'TY umenn H.D. baymana, Mocksa, Poccus
IIpencraBiieHs! pe3ynbTaThl UCCIER0BaHUS d(PPEKTHBHOCTH METOJIOB CETMEHTAIMU 0YaroB BOCIIAICHHMS, a TAKXKE PE3yIbTaThl
OLICHKU Ka4yecTBa aJTOPHTMa aBTOMAaTHYECKOTO OOHApyXEHHs OYaroB BOCIAJIECHHUS MATKUX TKaHEH IMapoJoHTa Ha MH(pa-
KPACHBIX U300paKECHHSX.
Kniouesvie cnosa: BocnaneHne napogoHTa, paHHsS CTaaus, HHPpaKpacHbIe H300paKEeHHs, aBTOMAaTHIECKOe 0OHapyKeHHUE.

Algorithm for one-axis receiver of magnetic positioning system

Elena Gerken and Valery GreCRIKIIR ................cccocviviioiiiiiiiiiiiicie sttt ettt ettt sttt st 14
ANTropuTM OnpesieJieHNs] 1 OPHEHTAIMH OJHOOCHOI0 MPHEMHHKA CHCTeMbl MATHUTHOT0 MO3HIMOHHPOBAHHS
TI'epken E.A., I peuuxun B.B.
IOxH0-Poccuiickuii rocynapcTBenHslil nonutexunueckuil yausepcurer (HITN) nmenn M.U. [TnaTosa
CucreMbl MarHUTHOTO ITO3HIMOHUPOBAHMS BKIIIOYAIOT ITOJBIDKHBIH MPUEMHHK, OCYIIECTBIIOIINA H3MEpPEHHE OPTOrOHAIIb-
HBIX KOMIIOHEHT MAarHUTHOTO HOJISI B HCcilemyeMoil obnmactu. B paboTe peann3oBaH alropuTM ONPENENCHUS MOJIOKECHHS H
OPHEHTAlUM OJAHOOCHOTO NPUEMHHMKA B TPEXMEPHOM IIPOCTPAHCTBE B pealbHOM BpeMeHH. ITokazaHo, 4To rabapuTHbIE pas-
MepbI IPUEMHHUKA MOT'YT OBbITh MUHUMH3UPOBAHbBI 0€3 OTEPU TOYHOCTH U3MEPEHHUSL.
Kniouesvie cnosa: cucTeMbl MArHUTHOTO TTO3UIIMOHUPOBAHUS, OJJHOOCHBII IPUEMHUK, MarHUTHBII IIOTOK.

Computational modelling of electroaerosol flows during external therapy
Valeriy Karpukhin, Kristina Mustafina and Georgy Klimiashvili ...
MaTemaTH4YecKoe MO/IeJTHPOBAHNE OTOKOB 3JIEKTPOA3P030JIeii npn JIe4eHHH 05KOT0B
Kapnyxun B.A., Mycmaguna K.C., Knumuaweunu I'.C.
MI'TY umenu H.3. baymana, Mocksa, Poccus
OO0ocHOBaHa aKTyaJbHOCTh Pa3pabOTKU ammapaTa MECTHOH 3JIeKTPOa’pOo30JbHOH TEpalul O0XKOTOB, 00ECIeUHBAIOIICTO
HAIpaBJICHHbIH MOTOK 3JIEKTPOA3p030J1 HAa OXKOT M IMO3BOJIOLIEr0 PEryjinpoBaTh €ro CKOpocTb. lccienoBaHO BiUsHHE
napameTpoB pabouell KaMepbl Ha IOTOK C LEJbl0 MOBbIMICHH 3((eKTHBHOCTH Tepanuu. Pa3paboTaHbl reoMeTpuyecKkas H
MareMatH4yeckas MOAeNH paboueil kaMmepbl. B pe3yiibrare BEIYUCIUTENBHOTO SKCIEPUMEHTA OIIPEICIICHBI TapaMeTpbl paboueit
KaMepbl, TIPH KOTOPBIX JOCTUTAETCSl MAKCHUMAJBHBIN MOTOK.
Knioueswvie cnosa: a3po30ib, HJIEKTPOa’IPO30IIb, 0IKOTH, MOICITHPOBAHE.




Experimental study of the mechanical properties of materials for physical modelling of biological tissues

Irina Khaydukova, Arina Rezvanova, Nikita Belikov and Gennadiy SAVIASOV...............cccceieviriiiviiniiniiininiisieeieeieseeeesie et 22
JKcnepuMeHTATIbHOE HCCIe0BaHNe MeXaHHYeCKHX CBOICTB MaTepUaJIoB 115 (pU3N4eCcKOro Mo JMpOBaHUs TKaHeil
Xatioykosa U.B., benuxos H.B., Pezsanosa A.M., Caspacos I'.B.
MI'TY umenn H.D. baymana, Mocksa, Poccus
Meroa ¢u3uueckoro MOASIUPOBAHUS MO3BOJISIET 0OJiee TOYHO OLICHUTh BIMSHHE XHPYPIHUYECKOTrO JICYCHHs HA TKAHU IO
CPaBHCHHUIO C aHATUTUYCCKUM M KOHEYHBIM 3JIEMCHTHBIM MOJEIHpoBaHHEeM. Hanbonee TOUHOE MOJETHPOBAHHE MEXaHHYEC-
KHX CBOHCTB OHOJIOTUYECKOH TKAaHH BO3MOXHO IIyTeM BEIOOpa HamOoliee IOIXOMAIIET0 MaTepHaia OIpeaelICHHOM
KOoHLeHTpauuu. VccnenoBaHa 3aBUCMMOCTh MOoAyJsl FOHra OoT KOHIEHTpaluu AJs JKeJlaTWHAa U CUIMKOHA. J[aHHbBIe Ui BCex
KOHILICHTPAIMil ObLIM aNmnpoOKCUMUPOBAHbI. Pe3ysbTaThl MO3BOJIAIOT (oJiee TOUHO BBIOMPATh HEOOXOAMMYIO KOHLICHTPAIHIO
IUTS MOIETHUPOBAHUSI KOHKPETHON TKaHH.
Knioueswie cnosa: pusznueckast MOJIeNb, MEXaHHUECKUE CBOIMCTBA, (PAaHTOM, OTHOOCHOE PACTSDKEHHUE, CUITUKOH, JKEJIaTHH.

An approach for patient-specific hemodynamics modeling taking into account biomechanical properties

of the cerebral artery

Sergey Frolov, Sergey Sindeev, Anton Potlov and Dieter LIEPSCHR ...........c.cccccuerviiriiiiiiiiiiiieeeieeie ettt 26
Ilonxoa k MHAUBUAYAJLHOMY MOJEJIMPOBAHHIO T¢eMOJUHAMUKH Y IALUEHTA
¢ y4eToM 0HOMEXaHHYeCKHUX CBOWCTB LepedpaibHOl apTepun
®ponoe C.B.!, Cunoees C.B.!, [lomnos A.FO.!, Jlunw J1.°
! Tam6GOBCKMIA TOCY1aPCTBEHHBIA TEXHMYECKUH YHUBEPCUTET
2 VHUBEPCUTET NPUKIAIHBIX HAYK MIOHXEHA
IIpencrasieH HOBBIA MOAXOM K IALUEHT-3aBUCUMOMY MAaTEMaTHYECKOMY MOJCIMPOBAHHIO T€MOJUHAMUKH C Y4E€TOM HHJU-
BHUJlyallbHBIX OMOMEXaHUUECKHUX CBOIMCTB CTEHKH IiepeOpalbHON apTepuH, NMOIYYaeMBbIX in Vivo C UCIIOIb30BAHHEM ONTHYEC-
KOH KOrepeHTHOH 3nmactorpaduu. Pa3sBuTre 1moaxo/a Mo3BOJIUT MCIOIb30BATh €ro s IOBBIICHUS KauyeCTBa UCCIICHOBAHUSA
aHeBPU3M IiepeOpaIbHON apTepHH.
Kniouesvie cnoea: NHAMBUIYallbHOE MOJIEITUPOBAHUE TEMOIUHAMUKY, liepeOpalbHast apTepus, anactorpadus.

Neural network approach to cell segmentation in immunocytochemical study
Dmitry Parpulov, Andrey Samorodov and Viadimir Iglovikov
HeiipocereBoii moaX0J K cerMeHTAIIMH KJIETOK Ha M300paskeHNsIX HMMYHOLUTOXHMHYECKHX NPenapaToB
Hapnynos J1.4.", Camopooos A.B.!, Hznoeuxos B.1U.?
I MI'TY umenu H.D. Baymana, Mocksa, Poccus
2 Lyft Inc., San Francisco, CA 94107, USA
IIpemioxkeH aaropuTM K CETMEHTAIMU KJIETOK Ha M300paKEHMSAX MMMYHOIMTOXUMUYECKHX IIPENapaToB, OCHOBAHHBINA Ha
CBEPTOUYHBIX HEHPOHHBIX CETSAX, IPEJCTaBISIIOMMI CO0OH CBEPTOUHYIO CETh apXUTeKTypel U-net ¢ mpenoOydeHHBIM
sHKOzepoM. [TokazaHo, 9TO ero nmpuMeHeHHe MO3BOJISET YIIyUIINTh METPHKH CeTMEHTAaIMu (B YacTHOCTH, ko3¢ ¢unueHt Dice
U 4acTOTY JIO)KHOTO OOHapY)KeHUs KIETOK) 110 CPABHEHUIO C KJIACCHUECKUM 0a30BBIM aJlrOPUTMOM CerMeHTaluu. BHenpenue
HPEIOKEHHOTO AJITOPUTMA TI03BOJIAET YIPOCTUTh paboTy matojora no onpeneneuuio HER2/neu craryca omyxonu.
Knioueswie cnosa: cerMeHTaLusl KIETOK, ITyOOKHE CBEPTOUHbIE HEHPOHHBIE CETH, aHAIU3 U300pakeHNUI.

Display Interfaces for the Control Unit of an Implantable Cardiac Pump

Ilya N. Rodionov, Igor V. Nesterenko, Dmitriy V. Telyshev, Ivan A. SapOZRKOV  ...........cccoccuvvivoieiiiieieiieesteese e 33
HHuTepdeiichl aucmies 6J10Kka ynpaBjieHUsl HMIUIAHTHPYEMOro KapAuOMOHHUTOPA
Poouonoe U.H., Hecmepenko U.B., Tenvuues /].B, Canosrckos HU.A.
HanmonaneHBIH Hece10BaTeNbCKUH YHUBEPCHTET «MOCKOBCKUH MHCTUTYT 3IeKTpoHHOI TexHukm» (HUY «MUDT»),
3enenorpan, Poccust
B nporecce pa3paboTku KapIMOMOHUTOPA HAKIIABIBAIOTCS Pa3IMYHbIE OTPAaHUYEHUS] U TPEOOBAHUS Ha TaKHe MapaMeTphl, Kak
noTpedieHue 3Hepruy, 00beM BBIBOAUMON MHGOPMALMHU U T.4. B COOTBETCTBHY C MOCTABICHHBIMU 3aJa4aMi pa3paboTYHKy
HEOOXOIUMO NPHHATH ONTUMAIBHO PEIIeHUE IIPU BEIOOPE ammapaTHBIX KOMIIOHEHTOB. [Ipu paboTte ¢ rpadudeckuM aucieeM
omnpenensieTcst UHTepQeiic, KOTOPBIA OyIeT NCIIOIb30BaThCS I Iepeladll JaHHBIX. B pabore mpoBoautcs ananus Hanboiee
YacTO MCHOJB3yeMbIX MHTEp(HEHCOB aisi rpapUuecKuX IMCIUICEB, HA OCHOBE KOTOPOTO MOYKHO IPHMHATH PEIICHHE, KaKoH
HPOTOKOJI BBIOPATh, IPH TEX WIIM HHBIX OCTaBICHHBIX TPEOOBAHUSAX.
Knioueswvie cnosa: rpadmaeckuii aucIuieii, HA JaHHBIX, KAPAXOMOHHUTOP, TapajuleNIbHbIE U MOCIIeJ0BaTeNIbHbIe HHTEepdeiicH,
RGB unrepdeiic, nepenaya JaHHbBIX.

Closed-loop system for blood glucose level control

Evgeniia Litinskaia, Kirill Pozhar, Nikolai Bazaev, Pavel Rudenko, Viktor Grinvald and Andrey Chekasin ............c..ccccecvvvcncennnne. 36
Cucrema ¢ 00paTHOI CBA3BIO AJ11 KOHTPOJISI YPOBHS KOHUEHTPALMH IVIIOKO3bI B KPOBH
Jlumunckas E.JL, Iloowcap K.B., bazaes H.A., Pyoenxo I1.A., [ puneanvo B.M., Yexacun A.U.
HanmonaneHbIH Hccne1oBaTeNbCKUH YHUBEPCHTET «MOCKOBCKUH MHCTUTYT 31eKTpoHHOH TexHukm» (HUY «MUDT»),
3enenorpan, Poccus
[IpencraBneHa 3aMKHyTas cucTeMa ¢ OOpaTHOM CBs3bI0, MO3BOJIIOIIAs aBTomaruuecku noxaepkuBatb KI'K B mpumenax
(hU3HONOTHYECKO HOPMBI C MHUHHAMAJBHBIM YyYacTHeM nanueHta. CUcTeMa OCHOBaHAa Ha MOMIIOBOM HHCYJIMHOTEpANMU U
HennBaznBHOM MoHHTOpHHTe KI'K criekTpockonnieckum MeTonoM Ha Modke yxa. O6patras cesi3b o KI'K ocymectensiercs ¢
MOMOILBIO KPATKOCPOUHOI'0 MPOTHO3UPOBAHUS, 3a4a4dell KOTOPOTo SIBIsSIETCS OOHApY)KEHHE M KOPPEKIHs OmIHMOOK B paboTe



Hacoca MHCYJIMHA MM TIIOKOMETPa, a TaKXkKe pacdéT peKOMEHyeMOH 103bI BBOAMMOTO HHCYIIUHA.
Kniouesvie cnosa: caxapHblii [uabeT, 3aMKHyTasl CUCTEMa C OOpaTHOH CBsI3bI0, KOHTPOJIb YPOBHS IJIFOKO3BI B KPOBH, HHCY-
JIMHOTEPAIHs, HEMHBA3UBHbIH ITIOKOMETP, KPAaTKOCPOUYHOE IPOTHO3HMPOBAHHE.

Effect of thrombus formation on heat emission in Sputnik RBP

Andrey Porfiryev, Dmitry Telyshev, Aleksandr Pugovkin and Sergey Selishchev ...
BansHue TpoM60006pa3oBaHus Ha TEIIOr¢HEPALMIO POTOPHOIO Hacoca KPoBH «CILyTHHK»
Iopgupves A.O., Tenvrues /.B., Ilyzosxun A.A., Cenuwes C.B.
HanmonaneHbIH Hccne1oBaTeNbCKIH YHUBEPCHTET «MOCKOBCKIH MHCTUTYT 31eKTpoHHOH TexHukm» (HUY «MUIT»),
3enenorpan, Poccus
IToka3aHo ompeneneHHMe XapakTepa TEIUIOBBIAEICHHS IpU TpomOO3e ammapaTa BCIIOMOTATENBHOIO KPOBOOOpAILEHUS.
MogenupoBaHue pa3IMYHBIX COCTOSHHH CHCTEMBI OCYIIECTBIISUIOCH ITyTEM BapbUPOBAaHMS YACTOTHI BpAIlEHUS Hacoca,
HU3MEHEHUS paboueil )KUIKOCTH M MECTOIOJIOKEHUS TpoMO000Opa3oBaHuii. Pe3ynbsraTel koaeGaHus TeMIIepaTypsl, IOTydeHHBIE
C MIOBEPXHOCTH HACOCA, O3BOJIIOT ONPEAEIUTh HAININE U PACIION0OKEHHEe TPOMO00Opa3oBaHHsI.
Kniouesvie crosa: Tennorenepanusi, poTopHsIi, TpoMO000Opa3oBaHue Hacoca.

Surgery in the year 2030: Surgery 4.0?

Hubertus Feussner and DItk WIlREIM ...............ccccoiiiiiioiiiiiiiiiiiiici ettt sttt sttt st 44
Xupyprus B 2030 rony: Xupyprus 4.0
Deccuep I'., Bunveenom /.
TexHuueckuil yHuBepcutreT MioHxeHa
PaccMOTpeHBI COBpeMEHHBIE HAINpaBICHUS Pa3BUTHS XHPYPIMYECKHX BMeIIATeNbCTB. [loka3aHO, YTO HMCKYCCTBEHHBIH
HHTEIJUIEKT, POOOTOTEXHNUKA, MOJISTMPOBAHIE XUPYPTUUECKUX ONepalyii 1 MHOTHE pyrue MpUHIUIE Xupypruu 4.0 moMoryt
crenmate omepanuio Ooinee Oe3omacHOM aIs TManueHTa. TeM He MeHee, B OOMECTBaX C BBICOKOPA3BHTOH CHCTEMOH
3[paBOOXPAaHEHHs, HE TPOU30HIET MONHON aBTOHOMU3ALUH BBIMOIHEHUS XUPYPTHIECKHUX ONepauii poOoTamMHu.
Kniouesvie cnosa: xupyprus, MeIUIUHCKass pPOOOTOTEXHUKA, HHTEIUICKTYaIH3aIisl XUPYPTHH.

Intraoral Microfocus X-ray radiography in veterinary medicine

Yuriy Potrakhov and NikOIGY POtFGKIROV ...........cc.cocccoieiiiiiiiiiiieiieieet ettt ettt ettt sttt et sh et bt ettt et e bt eatentesaeens 47
«BHyTpHpOTOBas» MUKPOQOKYCHasi peHTreHorpadus B BeTepuHapuu
Iompaxoe H.H., [lompaxoe FO.H.
Cankr-IlerepOyprckuii rocyIapcTBEHHBIH 1eKTpoTexandecknii yausepcureT «JIDTU» um. B.U. Vibsnosa (Jlenuna)
CIIOI'OTY «JIOTU»
PaccmoTpens! u3BecTHbIE CIIOCOOBI JEHTATBHOM ChEeMKH B BeTepuHapuu. [IpoaHanusupoBaHbl X HenocTaTku. lIpemnoskeHa
OpHI'MHAJbHAas METOAWKAa «BHYTPHPOTOBOI» AeHTanbHOH cheMKu. OmNHcaHbl MPEUMYIIECTBA NPEIIOKEHHOW METOTUKU U
TIPECTABIICHE] IPEIBAPUTEIIBHBIC PE3YIIbTATy HCCIEAOBAHNS.
Kniouesvie cnosa: MukpooKycHast peHTTeHOrpadus, BeTepUHAPHs, CTOMATOJIOT U, TAHOPAMHasl PEHTI€HOBCKas TpyOKa.

Specialized x-ray machine for neonatology

Viadimir Klonov, Ivan Larionov and Nikolay POFGROV ...............cccoceiieiiiiiinininiiiiiiiteteseeet ettt ettt ettt 50
CrenuaJn3upoBaHHbIH PEHTICHOBCKHIA aNapar /18 HEOHATOJOTHH
Knonoe B.B. Jlapuonoe U.A., [lompaxoe H.H.
Cankr-IlerepOyprekuii rocyaapcTBeHHBIN dnekTpoTexHuyeckuil yausepcutet «JIOTH» um. B.M. Yapsuosa (Jlennna)
CIIBI'OTY «JIOTU»
PaccMoTpeH anbTepHATHBHBIA MOAXOX K PEXXKUMY PEHTICHOBCKOH IMArHOCTHKU HOBOPOKAEHHBIX, ITO3BOJIIONIMI IOJy4aTh
BEICOKOE KadyeCTBO CHUMKOB. TpeOOBaHMS 1O BBIXOJHBIM JJICKTPUYECKHM XapaKTePUCTUKaM IIPH 3TOM 3HAYUTEIIHHO
CHIDKAIOTCS, 3TO JaéT BO3MOXKHOCTb PEaM30BHIBATh JOCTATOYHO KOMIIAKTHBIE M JIETKHE YCTPOMCTBAa Ul ITOPTATHBHOIO
npuMeHeHus. Taxoke TpelcTaBieHa CTPYKTypa PEHTI€HOBCKOTO ammapaTa AJs HEOHATONOTHH, a TaKKe OCOOCHHOCTH €ro
KOHCTPYKIIMH, KOTOPbIE JJAIOT BO3MOKHOCTh PEAN30BaTh MAaKCHMAIbHO KOMITAKTHOE M HAJEKHOE B SKCILTyaTaI[UU PELICHHE.
Kniouesvie cnosa: peHTTeHOBCKOE M3IydeHNE, HEOHATOJIOT U, AUAarHOCTHKA, KOHCTPYKIIMS amlIapara.

Computer program for setting up a medical X-ray apparatus

Ivan Larionov, Viadimir KIOROV Gnd VICIOT BESSONOV ...........ccccueeeieeeicieeeeeeeeeeeieee et eeae e e e eetreeeeereeeeeaeeeeeaeeeenaeeeeiaaeeenseeeeinaeeennes 53
KomnbioTepHasi mporpamMma JiJisi HACTPOIKH MeTHIIMHCKOT0 PEHTTeHOBCKOT0 anmapara
Jlapuonoe U.A, Knonos B.B., becconog B.b.
Cankr-IlerepOyprekuii rocyaapcTBeHHBIN 3nekTpoTexHuyeckuil yausepcutet «JIDTH» um. B.M. Yapsunosa (Jlennna)
CIIBI'OTY «JIDTU»
IlpencraBnena mporpamMMa MO HAacTpOiiKe M KOHTPOTIO PEHTI€HOBCKOTO MEAMIIMHCKOTO YCTPOMCTBa A HEOHATOJOTHUH.
PaccMOTpeHBI OCHOBHBIE 0COOCHHOCTH CXEMBI PE30HAHCHOTO YHPaBJICHUSI ICTOYHUKOM PEHTTEHOBCKOTO M3ITydeHHs. OMICaHbI
TpeboBaHHs K IPOTrpaMMHOMY OOECIICUeHHUIO, HajaraeMble CXeMod W paboummu mapamerpamu. IIpemmoxxeH BapHaHT
KaIMOPOBKH I pabOUYMX MapaMeTpoB PEHTTEHOBCKOTO amapara IJisi MEJUIIHCKOTO IPUMEHEHHSI.
Kniouesvie cnosa: peHTT€HOBCKOE M3IIy4eHHE, IPOrPaMMHOE 0OecIieueHre, HEOHATOIOT S, pe30HAHCHAsT CXeMa.




Digital X-ray image processing with using adaptive histogram equalization and adaptive background correction

Nikolai Staroverov, Artem Gryaznov and Kholopova EKQLEFING .................cccococcueieiiieeeicieeeceee e e e e et eeaee et eevaeeseaaeeeeanns 56
Iudposasi 06padoTKa PEHTIeHOBCKHUX H300paKeHHU I ¢ HCIOIb30BAHHEM AJANTHBHOMN 3KBAJHU3AIMA THCTOTrPAMMBI
M a1aNITUBHOM KoppeKkuuu ¢oHa
Cmapoesepos H.E., I psasznoe A.FO., Xononosa E.J].
Cankr-IlerepOyprckuii rocyIapcTBEHHBIH 1eKTpoTexandecknii yausepcureT «JIDTU» um. B.U. Vibsnosa (Jlenuna)
CIIOI'OTY «JIDTU»
PaccmoTpens! Ba Merona mudpoBoi 00pabOTKM MUKPO(OKYCHBIX PEHTTEHOBCKHUX H300paKEHUIl: alrOPUTM KOPPEKIUH
HepaBHOMEPHOTo (hoHA M300pakeHHST Ha OCHOBE BBIYMTAHMS HCKaXaromed (QYHKINU W alTOPUTM JIOKaJIbHO-aJallTHBHOM
9KBaJM3allMM THCTOTPaMMEL [IpoBeneHBl HCCIeNoBaHUS pPa3pa0OTaHHBIX AJITOPUTMOB Ha BBIOOpKaxX MHUKPO(OKYCHBIX
PEHTTEHOBCKHX n300paxkenuit. Oba MeTo/1a MOKa3aiy yIOBIETBOPUTEIbHBIE PE3YIbTATEHL
Knioueswvie cnosa: MEKpoOKyCHasi peHTTeHOTrpadust, SKBAIU3ALU THCTOTPaMMBI, IT(poBast 00paboTka H300pasKeHUH.
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Methods of investigation parameters of plasma of glow discharge lasers
Aleksandr Kiselev and Evgenij Smirnov .......... s .
Metoauka uccijieloBaHUs IAPAMETPOB I1a3Mbl J1a3€POB TJICHILEro pa3psaja
Kucenes A.C., Cmupnos E.A.
Cankr-IlerepOyprckuii rocyIapcTBEHHBIH 1eKTpoTexandecknii yausepcureT «JIDTU» um. B.U. Vipsnosa (Jlenuna)
CIIGI'DTY «JIDTU»
ITpousBeneH psi SKCIIEPUMEHTANBHBIX U TEOPETHUECKUX MCCIEIOBAHUN MapaMeTpoOB IUIa3Mbl J1a3epOB TICIOILEro pas3psija.
ITony4yeHHble pe3ynbTaTbl MOTYT OBITH KCIIOJIB30BAHBI MPH MOJ00PE ONTHMAIBHOTO I'a30BOTO HANOJIHEHMS, a TaKKe MpH
pa3paboTKe CHCTEM CTaOMIN3ALH MOIIHOCTH Ia30pa3psIHBIX Ja3€POB, HCIOIb3YEMBIX B MEAUIIMHCKON TEXHHKE.
Knioueswvie crosa: nazepsl TICIOILETO paspsia, IIa3Ma, JCKTPOHHAs TEMIepaTypa, UMIICAAHC I11a3Mbl.

... 1(59)

Study of the influence of the installation angle of the pedicular screw on its resistance to axial traction

Savrasov G.V., Sayfutdinova M.S., Makirov S.K., Makirov T.R. 5(63)
HccienoBanue BJIMSIHUSA YIJIa YCTAHOBKH BUHTA B MOYJIb 0MOMO/Ie/I HA ero CONPOTHBJIEHHE 0CeBOMY BbITS:KEHHIO
Caspacoe I'.B.", Catipymounosa M.C.!, Maxupoe C.K.?, Maxupoe T.P.
IMI'TY umenu H.D. Baymana, Mocksa, Poccus
2 llenTpanbHas KIMHUYIECKas GonbHuUIa Poccuiickoii akanemnn Hayk, Mocksa, Poccus
TIpoBeneHO PKCHEPUMEHTATFHOE HCCICOBAHKE BIMSHUS YIJIa YCTAHOBKU TPAHCIEAUKYJSIPHOTO BHHTA HA €rO CONPOTHBICHUE
OCCBOMY BBITSDKCHHIO. BUHT BBOMIIM B MOjelb OHOOOBEKTa (TEJO MO3BOHKA OapaHa) IMOJ YIJIOM TI0 OTHOIICHUIO K OCH
BBITSITHBAHMS. VIcciienoBaHue MOATBEPKIACT, YTO YBEIUUYCHHE YIVIAa TIPUBOJNUT K YXYAIICHHIO (PUKCAIIMN BUHTA B TIO3BOHKE: MPH
Haxone 5+0,5° cuna conporusienust cocraBuia 1208+6 H; npu Haknone 14+0,5° — 965+5 H; npu naknone 28+0,5° — 303 £2 H.
Kniouesvie croea: BUHT TpaHCIICAUKYISAPHBIN, (QUKCAlHs TO3BOHOYHUKA, COMPOTHBICHUE OCCBOMY BBITATHBAHHIO, OMOMEXa-
HUYECKHUE UCCIICIOBAHMS.

The study of biomechanical characteristics of the venous wall after ultrasound exposure

Anna Borde, Savrasov Gennady, Alexander Gavrilenko and Alexandera IVAnoVa ...............ccccoccevvieeeniiecesiieieieseeseeee e 7(65)
N3yyenue BJIUSIHUS YJIbTPa3ByKa Ha GHOMEXaHMYeCKHe XapaKTepPUCTHKH BEHO3HOI CTeHKH
Bopoe A.C.!, Caspacos I'.B.", l'aspunenxo A.B.%, Heanosa A.T"?
' MI'TY umenu H.D. Baymana, Mocksa, Poccust
2 PHIIX um. B.B. ITerpoBckoro
B mporecce 0TpabOTKH TEXHOIOTHYECKHX MMapaMeTPOB YIbTPa3BYKOBOW aOISIIMK BEH HIDKHUX KOHEYHOCTEH HEOOXOIMMBIM
9TaNoOM SIBISICTCSI UCCIIEIOBAaHKUE CTPYKTYPBI ITATOJIOTMYECKON BEHO3HOH CTEHKH IMOCNE yIbTPa3ByKOBOro BozaeicTBus. OO
HU3MEHEHUSIX B CTPYKTYpe OMOTKAHH MOXHO CYIWTHh IMOCPEICTBAM KOCBEHHBIX IMMOKa3aTelel, TaKuX Kak OMOMEXaHUYECKHE
XapaKkTepUCTUKH. B paboTe TNpHUBENEHBI PE3yNbTAaThl JKCIEPUMEHTAIBHBIX HCCICIOBAHUN 110 HM3yYEHUIO W3MEHCHUI
OGUOMEXaHUUYECKUX XapaKTEPUCTHK BEHO3HOM CTEHKH IOCIIE YIIbTPa3ByKOBOM abisiuu.
Knioueswvie cnosa: Baprko3Hasi 00e3Hb BEH HIOKHUX KOHEUHOCTEH, YIbTPa3ByKOBast XUPYprus, OHOMEXaHUUECKHUE UCTIBITAHUS.

Solid Angle Fraction in Single-Photon Emission Computed Tomography

Alexander Lysenko and Sergey TereSHCRENKO ...............ccccociviviiiiiiiiiiiiiiiiiiiiieiiteeetet ettt sttt 9(67)
T'eomeTpuyeckoe ociiadjaeHue B 04HOGOTOHHOI IMUCCHOHHOM TOMOrpaduu
Jvicenxo A.1O., Tepewenxo C.A.
HanmonaneHBIH Hccne1oBaTenbCKIH YHUBEPCHTET «MOCKOBCKUH HMHCTUTYT 3IeKTpoHHOI TexHukm» (HUY «MUDT),
3enenorpan, Poccust
B onHO(OTOHHO SMHUCCHOHHOM TOMOTpadUH CyIIECTBYeT MaJOHCCIe0OBaHHbBIM NCKaXKAIOIIUK (akTop, Ha3bIBaeMBIi reoMeT-
pudeckuM ocnabneHueMm. B pabore ncciemyercs BIMSHHE TE€OMETPHUYECKOTO OCNAONEHUS] HA KauyeCTBO PEKOHCTPYKIUHU, B
3aBHCHMOCTH OT Pa3MepoB 00BEKTa M pajuyca BpaIleHUs CUCTeMbI. {11 KOPPEKIMH HCKaXEHHH, BBI3BAHHBIX (PAKTOPOM
TEOMETPHYIECKOT0 OCcIabIeHNs, pa3paboTaH HOBBIN NTEPALIMOHHBIA METOA.
Kniouesvie crosa: smuccuonHas Tomorpadust, peKOHCTPYKLHS, HHTEIPAIbHO-UTEPALMOHHBII aIrOpUTM, FeOMETPHYECKOE OC-
nabeHue.




Animal Trials of Wearable Apparatus for Peritoneal Dialysis

Nikolay Bazaev, Natalia Dorofeeva, Victor Grinvald’, Boris Putrya and Nikita Zhilo
HcnpiTaHNs HOCHMOTO aNNapaTa NepUTOHEAJbHOI0 AHATN32 HA )KHBOTHBIX
basaes H.A., /lopogpeesa H.H., I punsarvo B.M., [Iymps 5.M., ’Kuno H.M.
HammonanbHeli vccnenoBaTenbckuil yHUBepeUTeT «MOCKOBCKUN MHCTHUTYT 3JeKTpOoHHOH TexHukm» (HUY «MUDT»),
3enenorpan, Poccust
[IpuBeneHs! pe3ynpTaThl MEAUKO-OMOJIOTHIECKHX MCIBITAHUH HOCHMOTO amlapaTra BHEIIOUEYHOTO OYMIIEHHs KpOBU Ha Oase
MEPUTOHEATIBHOr0 Auanu3a c pereHepanuedl. OCHOBHas HAes METOAA pPEreHepalMu 3aKiodanachk B IMPSIMOM aHOAHOM
OKHCIIEHHH MOYEBUHBI C MOCNeayomeil copOieii MpoayKTOB IEKTPONIN3a aKTUBUPOBAHHBIM yriéM. IIpencraBieHs! JaHHbIE
M0 M3MEHEHNIO KOHILIEHTPALNH a30TCOAePKalllX COeAMHEHHH B INAIM3aTe B XO/I€ UCTIBITAHUH ammapara Ha *KHBOTHBIX.
Knioueswie cnoea: perenepanus Auann3aTa, HOCUMBIH anmapar HCKYCCTBEHHOTO OYHMILEHUSI KPOBH, IEPUTOHEANILHBIN a3,
MEJMKO-OMOTOTUUECKUE UCTIBITAHUS.

12(70)

The control method of peripheral venous catheters automatic insertion using force measurement

Ivan Kudashov and Sergey IZorevich SHCRUKIN ..............c..ccccociiriniiniiiiiiiiiiiiteetet ettt ettt 15(73)
KonTtpoas yctanoBku nepugepuyecknx BeHO3HBIX KATETEPOB ¢ MOMOIIbLI0 H3MePeHMsI CHIbI, AeiiCTBYI01Iel Ha UTJTy
Kyoawos U.A., Hykun C.H.
MI'TY umenu H.D. baymana, Mocksa, Poccus
IlpencraBieHo ycTpoilcTBO 0OpaTHON CBA3M Ha OCHOBE TEH30PE3MCTUBHOIO AATUMKA CUJIBI, HHTETPUPOBAHHOTO B aBTOMa-
THUYECKYIO CUCTEMY KOHTPOJS M MPOBEJCHHUs MyHKIUH BEHO3HBIX cocyoB. Ha ocHOBE MOTyueHHBIX JTaHHBIX MPEIJIOKEH all-
TOPUTM HJCHTH(UKAIIUN ITPOKOJIA CTCHKH BEHEL.
Kniouesvie cnoea: BEHEyHKIMSA, TATYNK CUIIBI, KATETEP, ABTOMAaTU3UPOBAHHAS CHCTEMA.

Diamond and Platinum Electrodes For Urea Electrochemical Oxidation

Bazaev Nikolay, Boris Putrya and EVZeniy SreltSOV ............ccccocuimiriiiioiiiiiniinieiteietee sttt ettt ettt st sttt 18(76)
AJMa3HbIe U INIATHHOBBIE 3JIEKTPOABI 1J1s1 3JIEKTPOXMMHYECKOr0 OKHCJIEHHSI MOYEeBHHBI
Basaes H.A.', [lymps B.M.!, Cmpenvyoe E.B.’
HannonaneHBIH Hcclie1oBaTeNbCKUI YHUBEPCUTET «MOCKOBCKUI HHCTUTYT 3MEeKTPOHHOM TexHUKM» (HIY «MUITy),
3enenorpan, Poccust
Paznmunble MeTOBI pereHepaniy OTpabOTaHHOTO JHANIN3aTa MOTYT OBITh MCIOJIB30BAaHBI PH MUHHATIOPU3AIUH AIIapaToB
BHETIOYEYHOTO OYMIIEHHs. VccienoBan MeTo I IeKTPOXUMHUYECKOTO OKHCIEHHs MOYEBHHBL. B kauecTBe o0bexTa mccieno-
BaHUs ObLIM BHIOpaHBI MIATHHOBBIE U alMa3HbIe 31eKTpobl. [IpuBeneHo TeopeTnyeckoe 000CHOBaHHE METO/A, 4 TAKKE IKC-
MEePUMEHTANBHBIE PE3YIbTAThI 10 CKOPOCTH HTUMHUHAIIMN MOUYEBHHBI Ha BBIOPAHHBIX 3JIEKTPOJHBIX 00pasIax.
Kniouesvie cnosa: perenepanys auanusara, J1€KTPOIU3, HOCUMBIYI anmapar HCKyCCTBEHHOIO OUUILCHUS KPOBH.

The influence assessment of reversible chess pattern size and biological object parameters

on visual evoked potential detection

Irina Kuvshinova and ALexander DIIIFICV ...............ccveevueecueiieeeiie e eeeeeee et eeteeeaeeeteesseeeteesaeaeseesaaeesseasaseaseessseeseessseeseesnseanns 22(80)
OneHka BJIHMSIHHS Pa3Mepa peBePCHBHOIO MIAXMATHOTO MATTEPHA H MAapaMeTPOB GHOJOTHYeCKOro 00beKTa
Ha BbIJeJeHHe 3PUTEJbHBIX BI3BAHHBIX MOTEHI[HATOB
Kyswunoea U.C.", Imumpuee A.H.!
MI'TY umenu H.D. baymana, Mocksa, Poccus
PaccMoTpeHa MeTo/iMKa 3pUTENbHOM CTUMYIIALMY C HCIIOJIb30BaHUEM Pa3IMYHbBIX Pa3MepoB (OTOCTHUMYIISLIMOHHOW MaTpPHIIbI,
TO3BOJISIIONIAsT YBEJIMYUTH TOYHOCTH JIOKAIHM3AIMK HapYIICHWH (YHKIMOHAIGHON aKTUBHOCTH 3pHUTENBHOM Kopel Llens
paboTHI — OIlEHKa IapaMeTPOB CTHMYIIIMU Ha PEBEPCHBHBIN IIAaXMATHBIH MATTEPH U AJIEKTPOPHU3NIECKHUX NapaMeTpPOB Ha
aAMIUTUTY ]y 3PUTENBHBIX BEI3BAHHEIX MOTEHIINAJIOB.
Kniouesvie cnosa: 3purenvHble BbI3BaHHbIe noTeHUuans! (3BII), pesepcuBHbli maxmaTabiid narrepH (PLUIT), pexum ctumy-
JISIUH, CBETOJHOIHASI MAaTPHIIA, aMILTHTY/Ia JAUITOJISL, TOJIINHA Yepera.

Algorithm of physical activity detection according to the accelerometer data of implantable pacemaker
with rate-adaptive pacing
Anna Krechetova, Lidia Komleva and Alexey Tikhomirov ..
Auroput™ BbI00opa Gpu3H4ecKOli AaAKTUBHOCTH 110 IAHHBIM aKceJIepoMeTpa
HMILUIAHTHPYEMOI0 KapAHOCTHMYJIATOPA ¢ GyHKIMel YaCTOTHOM ajanTaluu
Kpeuemosa A.B.", Komnesa JI.C.!, Tuxomupos A.H.!
MI'TY umenu H.D. baymana, Mocksa, Poccus
OyHKIMA YaCTOTHOM afanTallMM yITydyIIaeT KauecTBO >KU3HM MALUEHTOB C HMIUIAHTUPYEMBIMU KapAHOCTUMYISTOPAMHU.
OnHaKo, TOYHOCTH COBPEMEHHBIX AJITOPHTMOB HE SIBISIETCS IOCTATOYHOM IUISl ITOJHOLCHHOHM JKM3HU manueHTtoB. [lokasan
HOBBIH alTOPUTM JUIs BEIOOpa (pr3mueckoi akTHBHOCTH 110 JAHHBIM aKCeJIepoMeTpa.
Knioueswie cnoga: 4acToTHas aganTaiys, KapIUOCTUMYIATOP, aKCETEPOMETP.

25(83)




Multidiagnostics study of postoperative cognitive disorders
Tatiana Istomina, Aleksey Safronov, Leonid Krivonogov, Sofia Karpitskaja, Mihail Kramm,
Nikita Kosenok and Elena Shachneva
MyJbTHANATHOCTHYECKOE HCCIeJ0BAHNE NOCIe0NePAMOHHBIX KOTHUTHBHBIX PacCTPOiCTB
Hemomuna T.B.", Cagpponoe A.1.%, Kpueonozos JLIO.3, Kapnuyxas C.A.?, Kpamm M.H.%,
Kocenox H.FO.!, Hlaunesa E.A.°
! Tlen3eHCKuMii rOCYapCTBEHHBIN TEXHOJIOTHYECKUI YHUBEPCUTET
2 [leH3eHCKUI MHCTUTYT NOBbILIEHYs KBanudukauy Munucrepersa 3apaBooxpanenus Poccuiickoit Oenepanuu
3 TlenseHCKUit TOCYIAPCTBEHHBIH YHUBEPCHTET
4 MOCKOBCKHI SHEPTETHYECKUIA HHCTUTYT
IIpoBeneno uccrenoBanre MHGOPMATHBHOCTH KOMITBIOTEPHON cTabmiorpaduu COBMECTHO C 3JIEKTpOKapauorpadueil mis
M3y4YEeHUS MPOSBICHUN MOCIEONEPaOHHON KOTHUTHUBHOM AWCQYHKIMHM W TOWCKA a/JeKBAaTHOM aHecTe3uu. Pe3ynbraTbl
HCCIIEA0BaHUH TOATBEP MM BO3MOXKHOCTD HCIIOJIB30BaHUS CTAOMIOTpadiy B Ka4eCTBE HCTOYHUKA KOJIMYECTBEHHBIX JTaHHBIX
0 KOTHUTHBHOH JUC(YHKINM U MHCTPYMEHTA I ONTHMH3AIUK aHECTE3UH MPH JIANapOCKOITHYECKOH XONIeUCTIKTOMUH.
Knioueswvie cnosa: crabunorpadust, 3nekTpokapanorpadus, mociaeonepanioHHasi KOTHUTHBHAS AUCHYHKITHS.

28(86)

Evaluation of the electrode system pressure force influence on neuro muscular activity signals

Andrey Briko, Chvanova Julia, Alexander Kobelev and Sergey SHCRUKIN .............ccccoccciviiviiiniiiniiiiiiieiceeneceeeee e 32(90)
OueHka BJIMSHHS CHJIbI IPHKATHS 3JIEKTPOIHOI CHCTEMBI HA CHTHAIBI HeHPOMBIIIEYHOH AKTHBHOCTH
bpuro A.H., Ysarnosa 10.4., Kobenes A.B., LLyxun C.U.
MI'TY umenn H.D. baymana, Mocksa, Poccus
IIpencraBiieHO cpaBHEHHE TPeX OCHOBHBIX METOJIOB PETHCTPALH HEHPOMBIIICYHOH aKTHBHOCTH MOCPEICTBOM PETHCTPALUH
3NIEKTPOMUOTPAMMBI, CUTHANIa OHOMMIIEJAHCa U MUOTOHMYECKOTO cuTHana. OIEeHEHO BIMSHHS CHIIBI MPYKATUS BIIEKTPOTHOM
CHCTEMBl HA CHUTHAJbl HEHPOMBINIEYHOH aKTHBHOCTH. VI3MepeHHs NpOBOJWINCH IPH H30METPUYECKOM CXBaTKe Ha CIICIH-
aJIbHOM CTEHJIe, KOHCTPYKIHS KOTOPOro ONHCaHa B paboTe.
Kniouegvie crosa: curHanbl HEHPOMBILIEYHOH aKTHBHOCTH, 3JIEKTpOMUOrpadus, GMoUMIIeIaHC, MUOTOHHYECKHI METOJ, Cuila
TIPYDKATHS JIEKTPOIOB, H30METPHIECKHI CXBAT, CTEH CXBaTa.

A Database with face video images of patients with schizophrenic disorders and control healthy group

E.Yu. Latysheva, M.N. Pilipenko, A.A. Boiko, A.V. Samorodov, M.A., Omelchenko,

A.O. Rumyantsev, A.M. Ivanova and D.D. VOIOVIK .............cccouvueoeiieiieieieeie ettt ste sttt st tessesetestesste bt satesesaeensesaeensenseens 36(94)
Baza Bueon3o0paskeHuii JTUIl NAIMEHTOB ¢ PACCTPOIICTBAMH N30 PEHHYECKOr0 CIIEKTPAa M KOHTPOJILHOI rpyNibl
Jlamvuuesa E.FO.!, [Tununenxko M.H.!, Boiiko A.A.', Camopooos A.B.!, Omenvuenxo M.A.?,

Pymanyee A.0.%, Heanoea A.M.?, Bonosux JI.J.°

I MI'TY umenu H.D. Baymana, Mocksa, Poccust

2 HLIIT3

Paspaborana 0a3a Buaeon300paXKeHH JIMIl MALMEHTOB, OOJBHBIX PACCTPOWCTBAMHU IIH30(PEHUYECKOTO CIIEKTPa, a TaKKe
rpynnsl HOpMEL. JlaHHbIe 3a00JeBaHUs XapaKTePU3yIOTCsS HETaTHBHBIMH CHMITOMAaMHU B IIOBEICHHH, a UMEHHO B JIMICBOH
skcrpeccun. Onucana MpoLexypa perucTpaluy BUACON300paskeHUH, yKa3aHbl KPUTEPUH 0TOOpa y4aCTHHKOB HCCIIEIOBaHNS,
MIPE/ICTaBJICHa OIIEHKA KauecTBa PyYHOH aHHOTAIUU Oa3bl.

Kniouesvie crosa: n3obpaxxenue, 1Mo, 6a3a TaHHBIX, U30(QPEHUS.

Artificial Muscles with the Possibility of Application in Medical Practice

Levan Ichkitidze, Sergei Selilshchev, Alexander Gerasimenko and Natali Demidenko ...............ccccooouvcieievieseniieieneniesieenens 38(96)
HckyccTBeHHbIE MBIIIIBI ¢ BO3MOKHOCTBIO TPUMEHEHUs B MeUIUHCKOI NMPaKTHKe
Huxumuose JLII., Cenuweg C.B., I'epacumenko A.FO., Jemudenxo H.A.
HanmonaneHBIH Hcce1oBaTenbCKUH YHUBEPCHTET «MOCKOBCKIH MHCTUTYT 3IeKTpoHHOI TexHukm» (HUY «MUDT»),
3enenorpan, Poccust
[poanamm3npoBaHsl HaydHbIE WCTOYHHKH OTHOCHTEIBHO HCKYCCTBEHHBIX MBI M IIPHBOAOB HAa OCHOBE MHOTOUYHCIIEHHBIX
MaTepHaJoB 1 HAHOMATEPHaJIOB C BO3MOXKHOCTBIO TIPUMEHEHHMS B MEUIIMHCKOM MpakTuke. OTMEYEHO, YTO HCKYCCTBEHHBIE MBI
U3 YIIIEPOIHBIX HAHOTPYOOK M HAHOMAaTEepUAIOB Ha MX OCHOBE MOKA3BIBAIOT HpHEMIIEMbIe (PU3UKO-MEXaHWYECKUE ITapaMeTpsl, HO
TpeOyIOT YCTpaHEHHs HEAIOCTATKOB: BBICOKasi CTOMMOCTb, HU3Kast HAJIe)KHOCTh, HU3Kasl CTENIEHh OMOCOBMECTHMOCTH.
Knioueswie crosa: MpUBOJBI, HCKYCCTBEHHBIE MBIIIIIBI, yAETbHAs MOIIHOCTh, HAHOMATEPHAIIBI, YTIEPOAHbIE HAHOTPYOKH, O1O-
COBMECTUMOCTb.

Optimization of the prophylaxis of critical ischemia of lower extremities on the basis of fuzzy models
for assessing the dynamics of the disease
Aleksandr Bykov, Nikolay Korenevskiy, Sergey Parkhomenko and Irina KRriping ...................ccccoovevcviecninicninceconcninenas 42(100)
OnTuMmu3anus npoGUIAKTHKA KPUTHYECKOW HIIeMHH HUKHUX KOHEYHOCTell Ha 0CHOBe HeueTKHX MojeJei
OLIEHKH TMHAMHKH 3200/1eBaHHs
Buikoe A.B.!, Kopenescxuii H.A.%, Ilapxomenko C.A.3, Xpununa U.H.?
! KoncynbratupHas kauHuka BMY «Kypcekas 061acTHast KIIMHAYIECKas GOJbHULIA
KoMuTeTa 3apaBooxpanenus Kypckoit obmactu, Kypcek, Poccust



2@I'bOY BO «I0ro-3anaaublii rocynapcTBeHHbIH yHuBEpCUTET», Kypck, Poccus

3®IBY «3 lenrpanbubii Boennsiii Kimmanueckwmii l'ocnurans uM. A.A. Bumnesckoro», Mocksa, Poccust

[TomydeHsl MaTeMaTHUECKHE MOJENH Ui MPOTHO3a TUHAMHUKH Pa3BUTHSA KPUTHYECKON HIIEMHM HIDKHHX KOHeuHocTed. Pas-
paboTaH aaropuT™ BEIOOpA ONTHUMAIBHBIX ITPEBEHTUBHBIX Mep. [lokazaHa BO3MOKHOCTD yMEHBIICHMS KOJMUECTBA aMITyTaIl[ui
HIKHUX KOHEYHOCTEH y MalueHTOB, KOPPEKIIUH FeMOPEOJIOTHMH U YMEHBILIEHUSI TSXKECTH COCTOSIHHUSL.

Kniouesvie crosa: TubpuiHble HEUETKHE MOAEIH, MOJIENb IPUHATHUS PEILICHNS, KPUTUYECKAs! MIIEMUs] HIDKHUX KOHEUHOCTEH.

Arrhythmia Analysis in a Non-contact cECG Chair using Convolutional Neural Network
Anake Pomprapa, Waqar Ahmed, André Stollenwerk, Stefan Kowalewski and Steffen Leonhardt
Hccenenopanne apurvun Ha JKT', 3aperncTpnpoBaHHOi 0eCKOHTAKTHBIMH eMKOCTHBIMH 3JIEKTPOAMH,
€ HCI0JIb30BAHNEM CBePTOYHBIX HEeliPOHHBIX ceTeii
Iomnpana A., Axmed B., lImonnensepx A., Kosanescku C., Jleonapo C.
Peitacko-Bectdanscknii Texanueckuii yauBepcuTeT AaxeHa
Jnst xnmaccuUKanuy apUTMHYIECKUX COCTOSHHMI Ha YEeTHIpe OCHOBHBIE KaTETOPHU INPHMEHEHa IIECTHCIIONHAs CBEPTOYHAsS
HEeHpOHHas ceThb NIyOMHHOro 00ydenus. IIporeMOHCTpUpOBaHa BO3ZMOXKHOCTD OTCIIEKUBAHUS U KIIACCH(DUKALUN apUTMUYEC-
KOTO COCTOSTHHSI EMKOCTHBIMU OECKOHTAKTHBIMHU JIEKTPOAAMU B PEabHOM MacliTabe BPEMEHH C HCTOJIb30BAaHUEM APXHUTEK-
TYphI OCIIEOBATEILHOTO aHAIIM3a, OCHOBAaHHON Ha OaHKe GMOPTOTOHATBHBIX BEHBIIETOB.
Kniouesvie cnosa: ananu3 31eKTpOKapAUOrpaMMBI, OECKOHTAKTHAs ICKTPOKapAUOTrpadusi, EMKOCTHBIC IEKTPOMBI, CBEPTOU-
Hasl HEHpOHHas CeThb, CEepeUHast ApUTMUSL.

... 45(103)

Apnea Detection in a Contactless Multisensor System using Deep Learning Algorithm

Anake Pomprapa, Mohammad Salman Sayani, Toni Anwar, André Stollenwerk, Stefan Kowalewski and Steffen Leonhardt .............. 49(107)
O0Hapy:keHHe alTHO? 0eCKOHTAKTHOMH MYJILTHCEHCOPHOIi cHCTeMOii
€ HCIO0JIb30BAHNEM AJITOPUTMOB ITyOMHHOTO 00Y4YeHHsI
Homnpana A.', Casnmu M.C.", Aneap T.?, IlImonnensepx A.%, Kosanescxu C.%, Jleonapo C.!
! Peiincko-Becrdanbekuii Texuudeckuii yuusepcurer Aaxena, ['epmanust
2 Texnonoruyeckuit yuusepcurer [lerponac, [lepak, Manaiizus
3 Peiincko-Becrdanbckuil Texauueckuil yuusepeuter Aaxena, [epmanus
Jnst oOHapyeHusl alHO® Ha JaHHBIX, MOJIYYEHHBIX y IATH 3[J0POBBIX J0OpPOBOJBLEB, NMPHMEHEHAa TMOpPHIHAs MOJEIb
r1yOMHHOTO 00y4YeHNUs, OCHOBaHHAsI HA CBEPTOYHON M PEKYPPEHTHON HEHPOHHBIX ceTsX. [IpogeMoHCTpupoBaHa BOZMOXKHOCTD
0oOHapyXEeHHUsI allHO? MPEATI0KEHHON OECKOHTAKTHON MYJIBTHCEHCOPHOH CHUCTEMOH C IOTOKOBOM M MakeTHOH 00paboTKOMH
JaHHBIX B PeabHOM MacIITabe BPEMEHH C HCIIOIb30BaHUEM JIMOIa-apXUTeKTypsl. CHcreMa MOXKeT OBITh HCIIOIb30BaHA IS
OOHapyXeHHs] SKCTPEHHBIX COCTOSHUI WU IS IOJITOCPOYHOM JHarHOCTHKH.
Kniouesvie cnosa: cBeprodHas HEHpOHHAsI CETh, PEKyppeHTHAs HEWpOHHas CeTbh, JIIMOMa-apXUTEKTypa, CHHIPOM OOCTpYK-
TUBHOTI'O aITHO3 BO CHE, MHJIEKC aIlHOA-TUIIOITHOY, UHJIEKC JbIXaTCIbHOM HEI0OCTATOYHOCTH.

A Noninvasive Glucose Estimation based on Near Infrared Spectroscopy and Pulse-Echo Ultrasound

Souransu Nandi, Ye Zhan, Jun Xia, Tarunraj Singh and Lucy MaStrandreq ..................cccceceeeereenineesienienniineeieeeneeseeneenenee 53(111)
HennBa3uBHasi onleHKa YPOBHSI IVIIOK03bl, OCHOBAHHAS HA CIIEKTPOCKOITHH
B OunmzkHeilt HHPaKpacHoii 00,1aCTH U 3X0-MMITYJIbCHOM YJIbTpa3ByKe
Hanou C., XKan U., 3ua [{xc., Cune T., Macmpanopea JI.
Vuusepcuter baddarno, bapdamo, CIITA
IIpemtoxxeH MeTo]] HEHHBA3UBHOM OIIEHKH YPOBHS TJIFOKO3bI, OCHOBAHHBIA Ha JIBYX CIIOCO0aX M3MEPCHUS Ui YBEIMUYCHUS
TOYHOCTH. B XO/e IKCIepHMEHTANIBbHBIX HCCICIOBAHUSIX I[N-Vifro TOKAa3aHO, YTO IPETIOKCHHBIH METON MOTCHIHAIBHO
obnasaeT HaMJIy4YIIMMH XapaKTePUCTHKAMH CPEeIU aHaJIoroB. J[Jisi OIIEHKH YPOBHS TJIIOKO3bI HCTIOIb30BAHBI MOJISIIH JTIHHEHHOM
perpeccuy 1 rayccosa mpoiiecca, ¢ HOCIeAyIOIHM 00beIHHEHHEM Pe3yabTaToB. PaboTa sBiseTCs OCHOBOM ISl JajbHEHIIIEro
TIPOBE/ICHHS YKCIIEPUMEHTOB in-ViVo.
Kniouesvie cnosa: oleHKa YpPOBHS TIIIOKO3bI, CHEKTPOCKONUS B OJMKHEH WHPpPaKpacHOH 0O0NacTH, 3XO-HMITYJIbCHBII
YIBTPa3BYK, JIMHEHHAsI perpeccsi, rayCccoB MpoLece.
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Tissue layers three-dimensional structure formation by nanosecond laser pulses
Pavel N. Vasilevsky, Alexander Yu. Gerasimenko, Mikhail S. Savelyev and Sergey A. Tereshchenko ..............ccccoccoveuvcvnccnncnne. 1(115)
®opMHupOBaHHe TPEXMEPHOH CTPYKTYPBI C10€B TKAHHU ¢ HOMOLIBI0 HAHOCEKYH/IHBIX JIa3ePHbIX HMIIY/IbCOB
Bacunesckuii I1.H., Tepacumenxo A.FO."?, Casenves M.C."?, Tepewenko C.A.!
! HaumoHabHbli HCCIIEI0BATENLCKHI YHUBEPCUTET «MOCKOBCKHI MHCTHTYT 3JIEKTPOHHOM Texuuky» (HUY «MUDT»),
3enenorpan, Poccus,
2 [epBbiit MOCKOBCKUIA rOCYIapCTBEHHBIA MeUIMHCKUi yHuBepcuteT umenn M. M. Ceuenosa.
IomydeHs! TpexMepHBIE TKaHEHH)XEHEPHBIXE KOHCTPYKIMHM Ha OCHOBE OEJKOB albOyMHHa M KOJUIareHa C BHYTPEHHUM



KapKacoM U3 YIJIEpOJHBIX HaHOTPYOOK. OmpeneneHsl HelMHEeHHbIe CBOMCTBA OEIIKOBBIX BOAHBIX JUCIIEPCHH C YIIIEPOJHBIMH
HaHOTpyOKaMH. YBeNMUYeHNE 3HAUEeHHI HelInHEeHHOro kKodddumnnenTa noruomenns ¢ 100aBIeHHEM yIIepOAHBIX HAaHOTPYOOK
MO3BOJISIET MPENOI0KUTh, YTO HAHOTPYOKH TOTJIOMIAIOT OOJBLIYIO YacTh JIA3EPHOTO M3Ty4YEHHUs 1O MEpE YBEIUUEHHUS €ro
CBETOBOT'O MOTOKA.

Knioueswvie cnosa: HennHelHas ONTHKA, YIIISPOJHBIE HAHOTPYOKH, IPIMEHEHNE Ja3epa, MOIHOCTS JIa3epa, MOTJIOIIEHHUE.

Biotechnical system for automatic assessment of facial nerve dysfunction rate

E.A. Lavrova, A.V. Samorodov, A.V. Mordovsky, K.G. Kudrin, A.P. POIYakov ........c..cccccoceviiviiniiniiininiiiiniceneeeeeereseeees 4(118)
BuoTtexHnyeckas cicTeMa aBTOMAaTHYECKOI OLIEHKH CTelleHH MOBPeKIeHNsI JTHIeBOr0 HepBa
Jlasposa E.A.', Camopodos A.B.!, Mopooeckuii A.B.?, Kyopun K.I'?, Ionsakos I1.4.°
IMI'TY umenu H.D. Baymana, Mocksa, Poccust
2 MHUOMU um. I1.A. Tepuena
IlpencraBineHsl pe3ynabTaThl HCCIEAOBAHHMS METOJAa aBTOMATHYECKOM OLIEHKM CTENeHHM MOBPEXIEHHS JHUIEBOTO HEpBa,
OCHOBAaHHOTO Ha KOMIBIOTEPHOM aHAJIN3€ BUACOM300paxxeHHs yuna. PazpaboTaH MeTOA PEruCTpaIlMu BHAECOU300paXKeHHs
nra. [IpuBeneHs! HHACKCH aCHMMETPHUH JIUIA, MIOTyYeHHBIE B pe3ysbTaTe 00paboTKH BUACON300payKeHUS JIUIA, PE3yIbTaThI
CpaBHEHHUS MH/EKCOB aCHMMETPHH MAlMeHTOB M MpeJCTaBUTeNed KOHTPOIBHOI rpynmel. OnpeneneHsl HanOonee MHpOpMa-
THBHBIC HHJICKCHl aCHMMETPHU JIHIA.
Kniouesvie crnoea: aBTOMaTHUECKUH aHANN3 M300pa)KeHHs JUIA, KOHTPOJIBHbIE TOUKHU JIMLA, TOBPEXICHHUE JUIIEBOIO HEPBA,
ACHMMETPHS JINLA.

Variation in Local Pulse Wave Velocity over the Cardiac Cycle: In-Vivo Validation

using Dual-MPG Arterial Compliance Probe

Nabeel P.M., Jayaraj Joseph and Mohanasankar Sivaprakasanm ....................cccccoovieevieiiioininiininieieieeeeneeeetet et saeseeeaens 7(121)
Bapuanus JI0KaJbHOH CKOPOCTH IyJIbCOBOM BOJIHDI, OIIPeAe/IsieMOil B TeYeHHE CEPAEYHOr0 HUKJIA:
BAJUALMS IN-Vivo ¢ HCTIOJIb30BAHNEM ABYX)JIEMEHTHOI0 MATHUTHOTO MJIeTH3MOrpad)uIecKoro apTepuajbHOro 30H1a
Habenv I1.M., /lcaiiapaii [{oc., Moxanacanxap C.
Wnauiickuii TeXHOIOTHYECKUI HHCTUTYT Manpaca
IIpencraBieH METOA M CHCTEMA MPSIMOTO M3MEPEHHs JIOKAIbHBIX M3MEHEHUH CKOPOCTH ITyIbCOBOM BOJHBI, OMpeJesieMoil B
TEUeHUE CepJeYHOro IuKia. PazpaboTaH HOBBINM JBYXIJIEMEHTHBIH MarHUTHBIN IUIETH3MOTPadUUECKUi apTepraIbHBIN 30H].
HccnenoBanus Ha 15 370pOBEIX JOOPOBONBIAX MOKa3add BO3MOXKHOCTH OIEHKH JIOKAJbHOW CKOPOCTH ITyJIbCOBOW BOJHBL
IIpemnaraemerit 3001 He TpeOyeT KaTMOPOBKY M 00eCcIeYNBaeT BOSMOXKHOCTh O€3MaHKETHOH OIEHKH MapaMeTpOB apTepHab-
HOTO J]aBJI€HUS OT MOBEPXHOCTHBIX apTepHil B KaXKAOM KapIHOIMKIIE.
Kniouesvie cnoea: MarHUTHBIM TUIETH3MOTpapUUIecKUil 30H], HEMHBA3UBHBIE HM3MEPEHHs, Bapualus JOKAaJIbHOH CKOPOCTH
ITyJTECOBOH BOJIHBI,0€3MamKETHAs OLIEHKA ITapaMeTPOB apTEPUATLHOTO JaBICHHS.

Hemodynamic Interventions for Inducing Blood Pressure Variation in Laboratory Settings

Nabeel P.M., Surya Venkatramanan, Jayaraj Joseph, Mohanasankar Sivaprakasam ................ccccoceecvoevvenvinecnicnseescnennennens 11(125)
T'emopunamMmyeckue npoosI 4151 HHAYNHPOBAHUS M3MEHEHUI apTePHATBLHOIO AABJIEHNUS B JIA00PATOPHBIX YCJIOBHAX
Habeno I1.M., Cypua B., [caiiapaii Joc., Moxanacankap C.
Mupniickuii TeXHOIOrM4eCKU HHCTUTYT Manpaca
PaccMOTpeHB! MATh yIMpaKHEHHUH, BIUSIONIMX HA TE€MOAMHAMHUKY U MPHUBOIIIIUX K 0€30IIaCHOMY KOHTPOJIHPYEMOMY H3Me-
HEHHIO apTepuanbHOTo JaBieHus. [lomyueHbl faHHbIE N3MEHEHHUs apTEPHANBHOTO AABJICHUS BO BPeMs KaKA0TO YIPaXHEHUS U
ToCJie €T0 OKOHUYaHus. Pe3ynmbTaThl MOTYT OBITH MCIOJB30BAaHBI Uil cOOpa AAHHBIX JUIS Pa3BUTHSA MOJENeH MpeacKa3aHHs
apTEepHAILHOTO JIaBJICHUS B CHCTEMaX 0e3MaHKeTHOr0O MOHHTOPHHTA.
Kniouesvie cnosa: reMoguHaMUYECKHE TIPOOBI, KOHTPOIUPYEMOE U3MEHEHHE apTEPHANIBHOTO AABIEHHUS, BPEMSI BOCCTAHOBIICHUSL.

Non-Invasive Assessment of Arterial Incremental Elastic Modulus Variations within a Cardiac Cycle
Raj V., Nabeel P.M., Jayaraj Joseph and Mohanasankar Sivaprakasam ..
HennBasuBHas olleHKa BapHalUii HHKPEMEHTHOI0 MOAYJIs1 yIIPYTroCcTH apTepHH,
omnpe/e/sieMoro B Te4eHHe cepAevHoro uKiIa
Paii K., Habens I1.M., /[pxcaviapaii [orc., Moxanacanxap C.
Mupniickuii TexHOIOrM4eCKUi HHCTUTYT Manpaca
IIpemnosken 30HA U HEMHBa3UBHOTO M3MEPEHMSI HHKPEMEHTHOTO MOAYJIS YIPYrOCTH apTepHH, COASpP KAIIU OIUH yIbTpa-
3BYKOBOH IpeoOpa3oBaTellb 1 TOHOMETP ULl OXHOBPEMEHHOTO OIPE/IC/ICHHs] TONIIMHEI CTEHKH apTepHH, ee JUaMeTpa U IyJIb-
COBBIX BOJIH. DKCIIepUMEHTaNbHbIE HcceqoBaHus Ha 10 1oO6poBoIbIIaX MOKa3aln JOCTOBEPHOCTD BBHITIONHAEMBIX H3MEPEHHH.
Kniouesvie cnoa: NHKPEMEHTHBIN MOYIb YIIPYTOCTH apTEPHUH, YIbTPa3ByKOBOH IpeoOpazoBaTesb, TOHOMETPHS, 30HA A He-
WHBA3UBHBIX H3MEPEHUIA.

.. 15(129)

The pattering of biostructures with carbon nanoframe in protein matrix
Natalia Zhurbina, Alexander Gerasimenko, Olga Glukhova, Michail Slepchenkov, Michail Savelyev,
Levan Ichkitidze, Vitalii Podgaetskii, Sergey Selishchev, Evgeniy Kitsyuk and Alexander Paviov ...............cccoccucvceccencinicnnn. 19(133)



CTpyKTypuUpOBaHHEe OHOKOHCTPYKIHI € YIJIEPOAHBIM HAHOKAPKACOM B 0eJIKOBOI MaTpHle

Tepacumenko A.10."?, I'nyxosa O.E.3, Crenuenxos M.M.3, XKypbuna H.H.!, Casenvee M.C."?,

Huxumuose JLI1L'?, loozaeyxuii B.M.!, Cenuwes C.B.., Kuyiox E.I1% ITaenos A.A.°

! HauvoHabHbIH HCCIIEN0BATENLCKUH YHUBEPCUTET «MOCKOBCKHI HHCTHTYT 2JIEKTPOHHON Texuuku» (HUY «MHUDT»),
3enenorpan, Poccust

2 [epBbiit MOCKOBCKUI rOCY1apCTBEHHbIN MeAMIMHCKUIA yauBepcuter umenu UM, Ceuenosa

3 CapaToBCKHii rOCYIaPCTBEHHBINH YHUBEPCHTET

4 Hay4HO-TIpOM3BO/ICTBEHHBIM KOMILIEKC « T€XHOIOTHYECKHH LIEHTPY

3> THCTHTYT HAHOTEXHOJIOTMH MUKPO3JIEKTpoHKKH PAH

IIpuBeneHs! pe3yabTaThl SKCIIEPUMEHTOB 110 CTPYKTYPUPOBAHHIO OMOKOHCTPYKILUH C YTIepoJHBIMHAHOKApPKAacOM B OENKOBOI

Marpulle. BbIBIEH MEXaHH3M CBSA3BIBAHMS OJHOCTEHHBIXYTJIEPOIHBIX HAHOTPYOOK IMOJ AEHCTBHEM Ja3€PHOTO M3TydYEHHS.

IIpencraBiieHsl cCHHTE3MPOBAaHHBIE 0OPA3IEl KAPKACHOTO HaHOMAaTepHala Ha OCHOBE PAa3BETBICHHOH CTPYKTYpPHI yIIIEPOIHBIX

HaHOTPYOOK. DKCHEPUMEHTAIBHO HCCISIOBAaHO U NPOAEMOHCTPHPOBAHO JIa3epHOE (OPMHUPOBAHUE APEBOBUIHON CTPYKTYPHI

HaHOKapKaca U3yriepoHbIX HAHOTPYOOK B OEIIKOBON MaTpHILe.

Kniouesvie cnosa: cTpyKTypupoBaHue, OHWOCTPYKTYphI, OHOMarepHaibl, YriepoIHble HAHOTPYOKH, OesKoBas MarTpuLa,

HMIIYJIBCHOE JIa3€pHOE U3IIy4YCHUE.

Mixed Reality applications for the collaborative operating room — a prototypical study

Nils Marahrens, Daniel Ostler, Juliane Weinzierl, Nils Kohn, Thomas Vogel, Dirk Wilhelm,

Sebastian Koller And HUDEITUS FOUIBIEE ..............ccueecueeeuieseeeeieeeeesteeseesteasttesesesteessseasseessseasseasseeasseesseessseesseessseesseessseessaessseanns 22(136)
IIpuiioxenus cMELIAHHOM PealbHOCTH /I KOIA00PATHBHOIO ONEPALIOHHOI0 0/10KA — IPOTOTHUITHOE HCCJIeI0BAHTE
Mapapenc H., Ocmaep [i., Betinyupn [orc., Kon H., ®@ozenv T., Bunveenom []., Koanep C., @eccrep X.

MIOHXEHCKHI TEXHUYECKUH YHUBEPCUTET

[TpuBeaeHo HuccaeJOBaHUE MOTEHIMANA IPUMEHEHHS IPHIIOKEHUI CMEIIaHHOW peatbHOCTH Ui 3 (HEKTUBHOTO B3aUMOACHCT-
BUsI B KOJITAOOPAaTHBHOM oOmepaloHHoM Onoke. IIpencraBiaeHo omucaHue NMpHUMepa UCIOIb30BAHUS YCTPONUCTBA, MOMOTalo-
IIET0 OMEPAIOHHON CECTpe B KOPPEKTHOM BHIOOpPE XHPYPTHUECKOTO MHCTPYMEHTA, MONb30BaTeNbCKas OIEHKAa alrOpHTMa
B3aMMOJICHCTBUSI C YCTPOUCTBOM CMENIAHHOW PeaIbHOCTH.

Knioyesvie crosa: cMelmanHas pealbHOCTD, JTOMONMHEHHAs! PEAIbHOCTD, KOJUIAOOPAaTHBHBIN OIEpaI[MOHHBIA OJIOK, XUpyprudec-
KHE BCIIOMOTaTeIbHbIE TEXHOJIOTHH, PACIIO3HABAHIE OOBEKTOB.

Longterm high resolution manometry (HRM) challenges and pitfalls of an automated motility analysis

Alissa Jell, Norbert Hiiser, Suyu He, Dmitry Telyshev, Sergey Selishev and Hubertus FeuBner ...............cccocovevoeeeeeoeseincennnns 25(139)
JliuTebHAsi MAHOMETPHsI BLICOKOI0 Pa3pelieHNsi: CJI0KHOCTH M Hel0CTATKH AaBTOMATH3HPOBAHHOI0 aHAJIM3A
MOTOPHMKH NHILEBOIA
Enn A, Xioccep H.!, Xe C.!, Ocmnep /., Tenvuues JI.°, Cenuwes C.?, Deccrep X.!
! MIOHXEHCKHMI TEXHUYECKUH yHUBEpCHTET, | epManus
2 HanuoHabHbIN UCCIEN0BATENLCKUN yHUBEPCUTET «MOCKOBCKUM HHCTHTYT 2)IEKTPOHHON Texuuku» (HAY «MUDTy),

3enenorpan, Poccust

OOOCHOBaHa AKTYaJbHOCTh HPOJIOHIAIMH 330(harvajabHOM MaHOMETpPHUH BBICOKOro paspeuieHus (OMBP) mis ydera m3meHeHus
IMPKAHBIX PUTMOB B paboTe muiieBoa. IIpoBeieHs! KIMHUYECKHE HCCIE0BaHUs MOTOPHKH MHUIIEBO/A C TTOMOIIBIO JUTHTEIBHOM
OMBP. Pa3zpaborana mporpamMma aBTOMAaTHYECKOTO aHaIN3a, OCHOBAHHAs HA YMKArcKod kiaccupukanuy. B pesymbrate Obum
YCTAHOBJICHBI 3HAYEHUST HOPMBI M IIATOJIOTUH IS BBISIBJICHUS HApYIICHHI pa0oTHI IUIIEBO 1A PH NIPOBEIeHNHN JuTensHoi DMBP.
Knioueswie cnosa: 330paroMaHoOMeTpHsI, MAHOMETPHS BBICOKOTO Pa3peIIeHHUs, MHIIEBO/.

Investigation of the spectral properties of media based on chitosan and carbon nanotubes

Yulia O. Fedorova, Alexander A. Polokhin, Denis T. Murashko, Mikhail S. Savelyev,

Natalia O. Agafonova and Alexander Yu. GEraSiMENKO................cc.cocviieiieoiiiiiiieeeeeeee sttt ettt ae 29(143)
HccienoBanne crnieKTpaJbHBIX CBOHCTB Cpe/l HA OCHOBE XMT03aHA U KAPOOHOBLIX HAHOTOTPYOOK
Dedoposa 10.0.%, IMonoxun A.A., Mypawxo A.T.!, Casenvee M.C.!, I'epacumenxo A.FO."?
! HaumoHabHbIHi HCCIIE0BATENbCKUI YHIBEPCUTET «MOCKOBCKHI MHCTHTYT 3J1eKTpOHHOM Texuukmy (HUY «MUDT»),

3enenorpan, Poccus

2I[IMIMY um. M. Ceuenoa
IlpencraBineHsl pe3ynbTaThl HCCIEA0BAaHNH CIIEKTPAIbHBIX XapaKTEPUCTHK MAaTEpPHAIOB HA OCHOBE XUTO3aHA C BKIIOYEHUIMH
KapOOHOBBIX HAHOTPYOOK, MPUMEHSIEMBIX B KapAMOBACKYJIIPHON XUPYPTUM AT CO3AaHUS UMITTAHTUPYEMbIX TKaHEH.
Knioueswvie cnosa: xuto3aH, HAHOTOTPYOKH, CIIEKTPAJIbHBIE XapaKTEPUCTHKU, KapIAUOXUPYPTHUs, TKAHEBASI HHDKCHEPHSL.

Piezoelectric properties of PVDF and PVDF-TrFE electrospun materials for nerve regeneration
Fedaa Al Halabi, Oleksandr Gryshkov, Antonia Kuhn, Viktoria Kapralova and Birgit Glasmacher ...
IIbe3oanexrpuueckue cBoiictBa Marepuanos PVDF u PVDF-TrFE, usroraBiauBaeMbIX 2J1€KTPOIPAICHUEM,
JUISL BOCCTAHOBJICHUSI HEPBOB
Xanaou ®. Anv', Tpuwxos O.', Kyn AU, Kanpanosa B.M.?, [acmaxep B.!
! TanHOBepcKuii yHuBepeuteT uMenu Jlelbnuua, Iepmanus

...32(146)




2 Caukr-IlerepGyprekuil nonurexuuueckuii yausepeurer Ilerpa Bemukoro, Poccuiickas ®enepanus

TonmmBuHWIMIMHGTOPUI ¥ TPUPTOPITUIICH SBIISIIOTCS NEPCIIEKTUBHBIMU MaTepHallaMH JUIs Pa3pa0OTKH aKTHBHBIX MMILIAH-
TaTOB JJIs pereHepanuu HepBoB. PazpaboTaH MeTOJ M3MEpEeHHs MapaMeTpOB MaTepHajoB AJs OMHCAHUS UX JNIEKTpoMeXxa-
HHYECKOH CBsI3U. MeToj 3aKiroyaeTcss B CO3/JaHMM MEXaHHYECKOTO HaNpsyKEHMS BOJOKHUCTBIX OOPa3IOB € MOCIHETYIOIHM
U3MepeHHeM MHIYIUPOBAHHBIX JIEKTPUUECKUX3aPs/I0B.

Knioueswie cnosa: mbe303GdeKT, BOCCTAHOBIEHHE HEPBOB, AEKTPOMEXaHUIECKas CBA3b.

Evaluation of the P300 parameters with photic stimulation

Alexander Dmitriev and Sergey SHCRUKIN ...............cccccoeciiiiiiiiiiiniiieite ettt sttt sttt sae e 36(150)
Onenka napamerpoB P300 npu dporocTumyasuuu
Lvumpues A.H., Llykun C.H.
MI'TY umenn H.D. baymana, Mocksa, Poccus
IToxazano BnusiHEE GOTOCTUMYIIALMHU C yacToTaMu 1, 3 1 5 'l u mpocTpaHCTBEHHBIM HHTEPBAIOM MEXIy cBetonuonamu 0.8°,
1.6 u 2.4 na nerexkuuto P300. IIponeMoHCTpUpPOBaHO M3MEHEHHE aMIUIUTYABI U JaTeHTHOcTH P300 mmst pasHbIX peXUMOB
crumyisinui. OLeHEHO BINSHAE 3pUTENBHBIX BBI3BaHHBIX IIOTEHINATIOB Ha aeTexnuo P300.
Knioueswie cnosa: P300, UMK, doroctumymsiuus, 3BII, mpocTpaHCTBEHHBIIT HHTEpPBAIL.

Telephone call management in the cognitive operating room

Nils Kohn, Daniel Ostler, Sebastian Koller, Nils Marahrens, Nicole Samm, Michael Kranzfelder,

Thomas Vogel, Dirk Wilhelm and HUubertus FEUSBRNEP ...............cccccceiiioiiiiiiiiieee ettt ettt 40(154)
YupasJjieHue Te1e(OHHBIMH 3BOHKAMHM B KOTHUTHBHOM ONepalMOHHONH KOMHaTe
Kon H., Ocmnep [I., Komnep C., Mapapenc H., 3amm H., Kpanygpenoep M., @ozens T.,
Bunveenvm J[., @Peccnep X.
MionxeHckuil TexHuueckuid Y HUBEpCUTET
MoGunbHEIe TeTe(OHBI MOBHIMIAIOT JOCTYITHOCTh XHPYPIOB U PErylisipHO OepyTcs B onepannonHyrw. Ho 310 yBennmuuBaer pa-
004yr0 Harpy3Ky 1 MOKET MPUBECTH K HEraTHUBHOMY BJIMSTHHIO Ha pe3yibTaT onepanuu. IIpenioskena cucremMa CUTYalluOHHON
OCBEZOMJICHHOCTH, OCHOBAaHHAs Ha KJIacCU(HUKALUHI 3BOHKOB [0 BaKHOCTH, NPUBEACHB! BAPHAHTHI CLIEHAPUEB PEarnpOBaHMUS.
PesynbraT onpoca sSIBHO MOKa3bIBAET PEUMYIIECTBO CUCTEMBI YIIPABICHUS 3BOHKAMH.
Kniouesvie cnosa: KOoTHUTUBHAS ONIEpALIMOHHAS KOMHATA, YIIPABICHUE 3BOHKaMH, KJIacCU(UKALUS BaXKHOCTH 3BOHKOB.

Translation Dynamics in Holistic Analysis of Functional Human-body System

JOCREI MU ...ttt ettt et e e e e te e e abe e be e eabe e beaease e seesaseeaseeasseeasaeeaseaaseeesseenseestbeensaeeaseeabeeasseenbeenaeeans 43(157)
TpaHcasinMOHHASI AMHAMAKA B KOMILUIEKCHOM aHAJIU3e padoThl OPraHu3Ma Je10BeKa
May 117
! Mroccenbaopdekuit Yuusepeurer um. I.Teiine, Moccensaopd, I'epmanus
2YacTHBIA MHCTUTYT BHIYUCIMTENBHBIX METO0B, Kpedenb, ['epmanus
[IpennoskeHa MaTteMaTH4ecKash MOJEIb aKCHOMATHYECKOH KOH(UIypaluu AMHAMHUKM, OCHOBaHHAs Ha CHCTEMHOM IOAXO/E,
KOTOpast MOXKET OOBSICHUTH AUHAMHKY PaOOTHI 4EIT0OBEYECKOT0 OPraHn3Ma COBMECTHO Ha Pa3IMYHBIX YPOBHSX. [IaHHEIA METOX
TI03BOJISIET YIPOCTUTH BEIYHCIUTENIBHBIA MPOIECC, B €r0 OCHOBE JISKUT MPHUHITUIT TOJIyIeHHS MaTeMaTHIECKHX BBIPaXKSHUH
BBICOKHX YPOBHEH M3 MaTeMaTHIECKHX BBIp)XEHU OoJiee HU3KNX YPOBHEH.
Kniouesvie cnosa: mareMaTnaeckoe MOCITMPOBAHUE, CUCTEMHBIH MOAXO0/, TUHAMUKA.

Ready for the Future: 5G Data Transfer in Visceral Surgery

Thomas Vogel, Hubertus Fel3ner, Daniel Ostler, Sebastian Koller, Nils Marahrens, Michael Kranzfelder,

Walter Weigel and JOSEPI ETCHINGEF .........cc.coccoviiiiiiiriiiiiiieiieie sttt ettt sttt sttt et b et ae s bt et s bt et sbe et e b e esaenaeas 47(161)
BosmoxnocTu «Xupypruu 4.0»: nepenada JjaHHbIX SG 1pu MUHMMAJIbHO-UHBA3HBHOM XHPYpPruu
Dozenv T."2, Mapapenc H.!, Koanep C.!, Henn A."2, Ocmnep /., Baiicenv B.3,
Atiwunzep Joic., @eccnep X2, Kpanypendep M.'?
! TanHOBepcKuii yHuBepcuTeT nMenu Jlelbnuua, Iepmanus
2 Cankr-TlerepOyprekuil nonurexuuueckuii ynusepeuter Ilerpa Bemukoro, Cankr-Iletep6ypr, Poccuiickas ®enepanus
3 Hayunslii uentp Mronxena Huawei, l'epmanus
Texnonoruu mnepemadyn OaHHBIX B ONEPAlMOHHOM OTrpPaHHYEHBI C TOYKH 3PEHUS CKOPOCTH II€pefadd, JIATEHTHOCTH H
crabwisHOCTH curHaia. IIpoBeneHo uccienoBanue mo Merony «Jlemspu», B KOTOPOM JaHA OIEHKA OXXUAAHMS M IIPUHITHUS
TexHosornu 5G B XHMpyprHUEcKOM Ioje B menoM. lIpenBapuTenbHBbIE pe3yibTaThl UCCIEAOBAHHS 1O MeToxy «Jlembdm»
MOKa3bIBAIOT MOJOKUTENBHYIO EPCIEKTUBY peaNu3aluy TeXHOIoruu 5G B KIIMHUYECKOI cpere.
Kniouesvie cnoséa: MUHIMaNbHO-MHBa3UBHAS XUPYPIHs, Ilepeiada JaHHbIX, 5G.

IVAP 2025 — Towards the collaborative operating room

Daniel Ostler, Nils Marahrens, Nils Kohn, Sebastian Koller, Michael Kranzfelder, Hubertus FeuBner and Dirk Wilhelm ...... 51(165)
IVAP 2025 — I1o HanpaBJIeHHIO K KOJLIA00PATHBHOI ONlepallMOHHOI KOMHAaTe
Ocmanep /I., Mapapenc H., Kon H., Koanep C., Kpanyghenoep M., @eccnep X., Bunveenvm /1.
MiouxeHnckuii TexHuueckuid Y HUBEpCUTET



IIpencraBineHsl MepBbIE Pe3yabTaThl MOCTPOEHUS KOJUIAOOPATHBHON ONEPalMOHHOW KOMHAThI, KOTOpas aKTHBHO MOJJEp-
JKMBAeT KOHTEKCTHO-3aBUCUMOE MHTpa- U MOCIeonepanuonHoe neueHne. OyHKIMOHUPOBaHUE KOTHUTHBHON XMPYpPIrUYECKOil
cpeabl JEMOHCTPUPYETCS Ha TUIUYHOM IIpHMeEpe JanapOCKOINMYECKOH pe3eKLuM >Ken4Horo myselps. IlpuseneHo onucanue
KOHIETIIINY KOJUIaOOpaTHBHON OMNEparioHHONH KOMHATHI M €€ OCHOBHBIE KOMIIOHCHTHI; X peanusanus Imokazana 3ddex-
THUBHOCTb MPEUI0KEHHOTO TOAXO01a.

Knioueswvie cnosa: xonnabopaTuBHAasi KOMHATA, aHAIN3 JAHHBIX, PE3EKIHs, XKETUHBIN ITy3bIpb.

Creation of 3D nanocomposite bioconstructions using a layer-by-layer laser prototyping device

Ulyana Kurilova, Natalya Zhurbina, Dmitry Ignatov, Dmitry Ryabkin, Alexander Polokhin,

Evgeniy Pyankov and Alexander Gerasimenko ..............c..cccccvcuiiririiniiiiiiiiiienietetet ettt ettt sttt ettt st 54(168)
Co3nanne TpexXMepHbIX HAHOKOMIIO3UTHBIX OMOKOHCTPYKIMii
€ HCIO0JIb30BAHNEM IOCJI0IHOIO0 JIA3ePHOr0 YCTPOHCTBA NPOTOTHNHPOBAHNS
Kypunosa V.E.!, Kypbuna H.H.!, Henamos J].A.", Pabxun J{.A., lonoxun A.A.", Ileanxoe E.C.!, I'epacumenxo A.FO."?
! HaumoHabHbIHi HCCIIE0BATENbCKUI YHHBEPCUTET «MOCKOBCKHI MHCTHTYT 3J1eKTpOHHOM Texuukmy (HUY «MUDT»),

3enenorpan, Poccust

2IIMIMY um. U.M. Ceuenosa
IIpencraBien MeTo[ MOJTYYCHUS HAHOKOMIIO3MTHBIX OMOKOHCTPYKIMI M3 BOJHO-OENKOBOHM IHCIIEPCHH YIIEpPOAHBIX HAHO-
TpyOok. [IpuBeneHs! pe3ynbTaThl HCCIeIOBAaHNH CTPYKTYPHBIX H OHOJIOTHYECKHUX CBOMCTB HAHOKOMITO3UTHBIX OHOJIOTMYECKHAX
CTPYKTYp JUIsl TKaHEBOH HH)KEHEPUH, CO3JaHHBIX METOJIOM Ja3epHOT0 TPeXMepHOro mpotorunuposanus. Ilokasano, 4to
pa3paboTaHHBIl METOJl MOXKET OBITh IPHUMEHEH IS BOCCTAHOBJICHUS OCTEOXOHAPAIIbHBIX 1e()EKTOB B CyCTaBax.
Knioueswie cno6a: HAaHOKOMIIO3UTBI, TPEXMEPHOE JIA3€PHOE NPOTOTUNHPOBAHNE, TKAHEBAS HHIKCHEPHSL.

Analysis of physiological data to quantify stress and workload of surgeons with different levels

of training during a laparoscopic cholecystectomy

Nicole Samm, Daniel Ostler, Thomas Vogel, Nils Marahrens, Dirk Wilhelm, Hubertus Feussner and Ralf Stauder ................. 58(172)
AHam3 QU3HO0JOrMYECKHX NOKa3aTe/ el 1 KOJHYeCTBEHHOM OLIeHKH CTpecca U Harpy3KU XHMPYypros
¢ Pa3JH4YHBLIM YPOBHEM NOATOTOBKHU BO BPeMs JIAIAPOCKONHYECKOM X01eHCTIKTOMHH
Camm H., Ocmaep [., @ocens T., Mapapenc H., Bunveenom ., @eccnep X., Llmayoep P.
MiouxeHckui TexHUuecKkuii Y HUBEpCUTET
[ToBbIILICHHBIH YPOBEHb CTpecca U paboune Harpy3KH XUPYpProB BO BpeMs OIEpaluil SBIIOTCS Cephe3HON yrpo3oii Ge3omac-
HOCTH TanueHToB. [Toka3aHo, YTO mapaMeTphsl CepleYHOro M ABIXaTeIbHOTO PHTMa SIBISIOTCS Mapkepamu (pu3mdeckoro u
YMCTBEHHOTO CTpecca, KOTOPEIH, B CBOIO O04epenb, OyIeT MpornopuuoHaieH YpOBHIO 00pa30BaHMs U OIBITY XUpypra. Pe3yms-
TaThl TAKOTO aHAJIM3a MOT'YT OBITh HHTEIPUPOBAHBI B CUCTEMY Paclo3HaBaHHA pabOYMX MPOLECCOB, B TOM YHCIE IS pOOOTH-
3MPOBAHHBIX OIEpaLUi.
Kniouesvie crosa: poGOT-aCCUCTHBHBIE TEXHOJIOTHH, TIOKa3aTeIM YPOBHS CTpecca, JIaapOCKONUIecKas XUPYPIus, CepAeIHbII
U JIBIXaTENbHBIH PUTM, MAIIMHHOE 00y4eHHe.

New Geometric Method of Heart Rate Variability Estimation based

on the Multiscale Crrelation Analysis Representation

VIGCRESIAV ANLSIDOFOV ...ttt sttt b et h e e h et e bt et e s bt et e e bt e et e bt e bt e bt eb e et e sbeentesbeenne et 61(175)
HoBblii, 0CHOBAHHBII HA NPEACTABJICHHAX MHOTOMACIITAOHOI 0 KOPPEIAIMOHHOI0 AHAIN3A,
MeTO/I OLleHHBAHNS BAPpHA0eJIbHOCTH CepPAeYHOr0 pUTMA
Anyunepos B.E.
WHcTuTyT paguoTexHuku u 3yekTpoHuku uM. B.A. KotensHukosa Poccuiickoii akanemun Hayk (PO PAH)
IIpencraBiensl mocinegHue pe3ysbTaThl PadOTHI aBTOpa B 00JAacTH pa3paboTKé 3(PQEKTHBHBIX aIrOPUTMOB OLCHUBAHHS
TapaMeTpoB BapHaOENbHOCTH CepAeYHOro puTMa. IlokazaHo, 94TO B paMKax METOJOJIOTHH MHOTOMAcIITabGHOTO KOppews-
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Introduction

According to the Federal Statistical Agency of the Russian
Federation for the 2015 year, the most common diseases
are: diseases of the nervous system (2 257 cases per
113 927) and traumatism (13 235 cases per 113 927
people) [1]. In the USA, each year more than 700 000
people come through a stroke and 85 % of them suffer from
aphasia. The number of diseased people will be doubled by
2020 year [2]. Thus, it is arguable that aphasia is a common
disease. Aphasia is a systemic speech disorder that covers
the different levels of speech organization [3]. The
causations of disease are stroke, encephalitis,
neurosurgical intervention, a chronic dysfunction of the
central nervous system, etc. The principal symptoms:
chaotic re-arrangement of syllables and sounds; violation
of memorizing the names of objects, etc.

The development of the software system (SS) for
restoration of mimic activity of patients with aphasia will
significantly reduce the doctor’s workload, will increase
the patient capacity in hospitals, will allow the patient to
perform independently certain exercises.

Scope and requirements

The objectives of SS for restoration of mimic activity:
correction of the aphasia and replacement the existing
electroneuromyography method. As a result, after working
with the SS, the speech apparatus of the patient should be
restored and the pronunciation of sounds should be clearer.
The SS is made as a training program on PC, which stores
in its database the articulation of several healthy people.
The patient's task is to repeat the pronunciation of the
phoneme, which he has first seen on the screen. Next, the
process of pronouncing the phoneme by the patient will be
recorded by a web camera. After that, there will be a
placement of the control points and their comparison with
the existing database. As a result, the program will be able
to evaluate the correctness or incorrectness of the
pronounced phoneme.

For the correct recognition of the face, the patient should
sit strictly opposite the web camera, at a distance of 50-70
cm. In this way, the oral region is clearly displayed on the
screen. The resolution of the web camera must be at least
1280 x 720 for clear detection of the lips line on the image.
The duration of continuous work on the computer for one
patient should not exceed two hours.

For correct recognition of lips line, the relative error of the
software should not exceed 5 %. The relative error of the
automatic placement of control points 1,4, 7,9, 11, 13, 15,
17 should not exceed 2 %.

Control points

On the lips, it is possible to place the control points, the
position of which, individually or in sum, uniquely
determines the change of the position of the muscles of the
mouth during speaking. The program «ASM Photo»
automatically places the control points on lips line and
allows a user to conduct different research. The program is
based on the active shape model. The task of finding the
lips line is realized by solving the problem of minimizing
the energy function, which is calculated for each control
point of the contour and its surroundings [4]. The
placement of the control points is represented in figure 1.

Figure 1: Placement of the control points.

Points 1-2-3-4-5-6-7-8-9-10 characterize the circular
muscle of the mouth; 1-2-3-4 and 4-5-6-7 — small and large
zygomatic muscle; 2-3-4 — the muscle that lifts the upper
lip; 8-9-10 characterizes the muscle, lowering the lower lip
and chin muscle; 6-7-8 and 2-1-10 — buccal muscle [5].

For the further work were chosen the control points, which
clearly characterize the pronounced phonemes: 1, 4, 7, 9,
11, 13, 15 and 17. At the same time, it became possible to
reduce the amount of data for handling. The control points
1 and 11 characterize the right corner of the mouth (outer
and inner contours); 7 and 15 — the left corner of the mouth;
4 and 15 — the middle of the upper lip; 9 and 13 — the middle
of the lower lip.
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Experiment

To verify the workability of the model of the SS were
selected five healthy people and five actors, which was
simulating articulation disorders. Each actor pronounced to
web camera six vowel phonemes: «Ay», «O», «Y», «9O»,
«M», and «bly». All the videos were converted to .avi format
with the help of the program «Format Factory». After that,
for each video was received storyboards made by the
«VirtualDuby program. For the placement of the control
points, were used two programs: ASM Photo and
WpfApplicationl. The first program creates a file in the
format .xml with the position of the control points in the
system X-Y, and the second program puts these points
directly on the footage. The automatic placement of the
control points is represented in figure 2.

Figure 2: The automatic placement of control points
made by ASM Photo and WpfApplicationl.

The placement of some control points is out of true, so it
may lead to errors in the data processing and,
consequently, to errors in the SS.

To prevent errors in the further data processing, it is
necessary to correct the placement of the control points
manually (Figure 3).

Figure 3: Manually adjust control points.

Results

The Coordinates of the control points 1,4, 7,9, 11, 13, 15,
17 after the automatic and manual placement are listed in
table 1.

Table 1: The result of comparison the coordinates
(Coord.) of the control points (CP) after automatic and
manual placement.

Phoneme
«M | «A | «O | «9 | «¥ | «bl
CP | Coord. » » » » » »

1 X 1,72 | 1,63 | 0,38 | 0,84 | 1,98 | 1,02
y 0,81 | 1,86 | 0,31 | 0,86 | 1,13 | 1,08

4 X 0,90 | 0,08 | 0,15 | 0,31 | 0,30 | 0,74
y 0,31 | 0,74 | 0,66 | 0,99 | 1,06 | 0,74

7 X 0,85 | 1,09 | 1,33 | 0,66 | 1,44 | 1,39
y 0,36 | 1,92 | 1,10 | 0,73 | 1,29 | 0,81

9 X 0,96 | 0,00 | 0,24 | 0,47 | 0,47 | 0,00
y 0,75 | 1,00 | 2,13 | 2,33 | 2,15 | 0,00

11 X 2,15 | 1,24 | 2,59 | 1,79 | 2,14 | 1,64
y 0,69 | 1,97 | 0,71 | 0,96 | 0,63 | 1,13

13 X 0,70 | 0,15 | 0,30 | 0,47 | 0,42 | 0,33
y 0,90 | 1,87 | 1,10 | 2,86 | 1,38 | 0,42

15 X 091 | 1,33 | 3,74 | 1,13 | 2,42 | 1,94
y 0,31 | 1,65 | 1,59 | 0,40 | 1,83 | 1,07

17 X 0,40 | 0,21 | 0,39 | 0,77 | 0,77 | 0,57
y 0,50 | 1,47 | 1,33 | 0,39 | 1,73 | 0,93

As can be seen from the Table 1, all the deviations of the
control points are corresponding to the declared
requirements for detection of the lips line (< 5 %),).
However, for the points 9, 11, 13 and 15, the relative error
is higher than 2 %. Therefore, the automatic placement of
the control points is not completely reliable. In the future
research, it is proposed to use an additional filter, which
transfers the image to a different color range [6]. It is
assumed that the method above or alternative methods will
increase the accuracy of the automatic placement of the
control points to 30 %.

According to the set of additional experiments, it was
established that each phoneme have a "limits of
correctness” — the limits of variation the phoneme in six
parameters. After the patient pronounce the phoneme, the
program automatically compares the control points on the
patient's lips with the "limits of correctness”. According to
the results of such comparison, an evaluation of the
correctness of the pronunciation is displayed on the screen.
The algorithmic diagram for the phoneme «O» is shown in
figure 4.
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Figure 4: Evaluation of the correctness for the phoneme
n OH .

During the research, it was found out that the unique
determining parameters for the phoneme «A» are the inner
contour height and the outer contour height; for the
phoneme «M1» — the inner contour height and the inner
contour perimeter; for the phoneme «¥Y» — the outer
contour height. The unique determining parameters — the
parameters by which the phoneme is the most grossly
changes. Only these parameters determine the evaluation
of the quality of the pronunciation. For the phonemes «3»,
«bl» and «O» the unique determining parameters were not
revealed, therefore, the evaluation is based on the
algorithm presented in Figure 4.

Conclusion

Conducted research on the model of the SS for restoration
of mimic activity of patients with aphasia proved the
workability of the method. It was shown that it is possible
to recognize, evaluate and determine qualitative and
quantitative differences in the articulation between a
healthy person and a patient with aphasia.

The requirements for the relative error in the recognition of
the lips line and in the placement of the control points are
given. The results of the experiment confirmed that the
program «ASM Photo» can recognize the lips line with a
given relative error (< 5 %), but it cannot place the control
points with the relative error (< 2 %).

In addition, an algorithm for evaluation the correctness of
the pronunciation of the phoneme has been developed. The
results of the additional research are contradictory, and
therefore are given in the abbreviated form. An additional
study is required to confirm or refute the results.
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Introduction

In sports practice the most often as the criterion for as-
sessing the intensity of physical load use heart rate (HR),
i.e. there is a linear relationship between heart rate and
training intensity. To endurance training was the most
useful, it should be done with the intensity at which acti-
vated all the oxygen-transport system. At this intensity
there is no accumulation of lactic acid (lactate).

A qualitative assessment of the functional preparedness of
a hockey player allows you to clearly assess the balance
of its power supply systems. This knowledge may con-
tribute to the improvement of his physical activity due to
the competent use of a number of special training tech-
niques, rather than "sports pharmacology", which very
often borders on doping.

There are a huge number of methods in which you can
measure the values of heart rate. This article gives an ex-
ample of measurement data values by electrical imped-
ance method. For this, it is necessary to locate the device
on the head, as it is less prone artifacts of motion.

The implementation of the algorithm

According to the National American Standard ANSI /
AAMI ECI13: 2002 [1], it is necessary to measure the
heart rate of athletes at a load range up to 200 beats per
minute with an accuracy of + 5 beats per minute.

Figure 1 shows an example of the synchronous recording
of changes in electrical impedance from the head and the
cardiogram in the first lead of Einthoven.

R peaks occur on the rising edge of the rheogram. As the
rheogram and ECG are periodic, the distance between the
R prongs, and hence the heart rate, will be calculated as
the distance between the maxima on the rheogram. The
front after the R wave on the rheogram drastically
changes the value of the impedance, that is, during a
systole a sharp decreasing front is observed. The use of a
back front in the algorithm is due to the simplicity of
finding peaks. The values of the maxima of the rheogram
can be found using the first derivative. It is necessary that
the previous count of the graph was positive, and the next
one was negative, between these samples there will be an
intersection with the zero of the derivative. In this count,
where the derivative changes its sign, the rheogram has a
maximum (peak).

AEB ; ] Reo.
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= A4 v Y&l W \
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Figure 1: An example of graphs of electrical impedance

from the head and ECG

Q

In the designed algorithm it is necessary to determine the
heart rate by the signal of the rheogram. To find results
you must get rid of the noises superimposed on the useful
signal. It is necessary to apply a low pass filter which re-
moves high frequency. Will be used the method of expo-
nential averaging, which suppresses noise by multiplying
the input count by a constant and addition of this work
with the previous average multiplied by the addition of
constants to one. The advantages of this method is that it
requires only one memory cell for storing the value of the
reference medium to obtain the next input frame [2]. If
you change the weighting factor, changes the degree of
noise suppression, which is a characteristic feature of the
method. The smaller the value of weighting factor, the
more suppressed the noise. The obtained graph of the rhe-
ogram after applying the filter shown in figure 2.

Q RED ofter opplying on exponentiol overaging filter
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Figure 2: The rheogram after applying an exponential
averaging filter

To take a derivative of the signal is used as the transition
filter. At low frequencies it possesses differentiating
properties and attenuates high frequencies, which is evi-
dent from the frequency response of the filter shown in
figure 3.
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Figure 3: The frequency response of the transition filter
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When the signal is significantly noisy, reliable detection
of transitions of the signal provides the standard filtering
with a time delay line developed by C. Turner, whose co-
efficients are considered according to the following for-
mula 1:

C12x (k=D =-6x(N-1)

T (1)

Ck=

where 1 < k < N-1, N is usually set empirically in the
range from L/4 to L, where L is the time of systole, L =
201 samples or 0.201 sec.

For any integer N the coefficients Ci of the filter contain a
linear decreasing slope front, which makes this sequence
very useful for identifying linear transitions in the input

signal.

After using this filter graph the first derivative of the sig-
nal shown in figure 4.

The first derivative

[ ) w ) ) »
fsec

Figure 4: The first derivative of the signal after applying
the transition filter

After writing the algorithm, we get:
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Figure 5: Rheogram with peaks and first derivative after
applying a transition filter that has a delay (N-1)/2

Results

After checking the algorithm on real signals, the results
are shown in Table 1.

Table 1: Results of testing the algorithm for determining

HR
Processed | Max The
(PCs) error | number of
(bpm) | false peaks
(PCs).
With exponential 70 4.83 5
averaging
Without exponential 70 4.966 39
averaging

Conclusions

In this paper has shown the algorithm for HR determina-
tion for athletes. Thus, using an exponential filter to aver-
aging the rheogram reduces the number of false peaks; a
maximum error of 0.136 between the true values of the
heart rate calculated from the ECG, and the values calcu-
lated using the algorithm using the rheogram peaks. The
designed algorithm is effective, since it has been tested on
areal signal and satisfies the accuracy requirement.
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Introduction

Among other lesions of the skin, a special attention is
paid to the melanoma because of its extreme aggressive-
ness. Melanoma remains the leading cause of death in pa-
tients with oncodermatology [1]. A steady increase of
morbidity and mortality form melanoma is observed all
over the world. Since efficiency of the melanoma treat-
ment strongly depends on its early diagnosis, the devel-
opment of novel highly-efficient methods for the early
detection of dysplastic skin nevi and melanomas in situ
remains a challenging problem of modern medicine, ap-
plied physics and engineering sciences.

Visual examination of the skin and dermatoscopy remain
the most widely applied methods for non-invasive diag-
nosis of dysplastic skin nevi and melanomas in situ [2].
Other techniques, such as fluorescence imaging [3,4], ul-
trasound diagnosis [5,6], confocal laser microscopy [7-9],
thermometry [10-12], provide additional information and
seem to be prospective instruments for clarifying diagno-
sis. An accuracy of visual dermatoscopy strongly depends
on the experience of the doctor and a number of other fac-
tors that influence the process of assessing the severity of
the disease. Numerous errors could occur during the visu-
al diagnosis, among which there are errors of a subjective
nature, as well as errors associated with the use of the par-
ticular diagnostic technique. A promising way to improve
the effectiveness of early noninvasive diagnosis of mela-
noma is to use the correctly-selected early diagnosis
method for various types of skin pigmented lesions.

Types of pigmented skin lesions

Methods of early diagnosis are based on the analysis of
different types of pigmented skin lesions, as at the first
stage it is the specialist who should classify the pigmented
lesion for the correct further diagnosis [13].

Pigmented skin lesions
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Figure 1: Types of pigmented skin lesions

Each type of nevi has its own typical clinical signs there-
fore it’s necessary to study all the signs for benign and
malignant lesions as thorough as possible. When the nor-
mal cells and tissues grow into tumor cells, the following
clinical signs of pigmented skin lesions change.

Table 1 — Clinical signs of pigmented skin lesions [14]

Clinical signs

Color Border sharpness

Pigmentation uniformity | Form
Pigmentation intensity Temperature of le-
sions

Size: diameter, area Structure: pigment-
ed network, glob-
ules, dots and

streaks, heterogenei-
ty

The Border of lesions Echogenicity

Having identified several parameters from table 1, the
specialist has higher chance of making the correct diagno-
sis. With only one of these parameters detected, the accu-
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racy of the diagnosis is considerably lower for the first
signs of malignancy are often difficult to distinguish from
usual inflammatory changes.

The initial pattern of the disease in typical cases proceeds
as follows: the pigmented lesions at some point begins to
increase after a previous injury, a burn or without appar-
ent causes, change its color, shape, structure, temperature,
etc., and turns into a tumor that sometimes occurs on one
of the sites of pigmented growth.

Therefore, it is necessary to isolate the clinical parameters
for simple and dysplastic nevi in order to detect early pre-
cancerous skin changes and methods for their diagnosis.,
On the human body there are one average 80% of simple
nevi, 15% of dysplastic nevi and 5% of other nevi. Com-
parative characteristics of clinical parameters of simple,
dysplastic nevi, melanoma and methods for their diagno-
sis are presented in Table 2.

Table 2 — Comparative table of clinical signs of simple,
dysplastic nevi, melanoma and methods for their diagno-
sis [3-15]

Ne Signs Simple nevus Drysplastic nevus Melanoma Diagnostic
methods
1 |[cotor 1 2 1 geneity of |1)Heterogensity of | 1)D:
colors color color and color | 2)Visual
)Light brown, [JLight brown, |asymmetey examination
[brown brown, dark  |2)Dark brown,
brown,  yellow- |black, gray, bluish,
lgwm: fos2-purple
2 |Pizmenation [Uniform color Uneven color |Uneven color | Dermatoscopy,
sniformity change change visual inati
3 | Pigmenmtion Vary light, light  |Dark, very dark Very dark Visual
intensity examination
4 Stze: 1) less than 5 |)Fomlmmtol [1)fromlmmwo3 | 1)Visual
1) diameter mm cm cm examination
2) area 2)less than 20 |2) less than 78.5 |2) less than 7.065 | 2)Visual
mm* mm* cof
The Border of [1)Clear smooth [1)Fuzzy 1)Pozzy boundasies | 1)Visual
lesions i i 2)Fuzzy boundasies | examination,
2) Clear  |2) Clar |3)Tumor derma X opy
i i boundariss 2)Ultrasound
3)The Border of |3)The Border of diagnosis
lezions lesions 3)Fluorsscent
diagnostics
6 |Border Er.up Unsharp Unsharp Visval
sharpness examination
Form 1) Round, oval 1) Arbirary 1) Asbitrary 1)Visval
2) Spindle shaps  |2) Spindle shape 2) Spindle shape examination,
confocal faser
scanning
MCI0sCopy
2)Ultrasound
diagnosis
g8 1)Unform 1)Ireegular 1)Unsven pigment | 1) Dermatoscopy,
pigment network  [pigment network  |metwork, uneven | confocal laser
without with  braakages, |boundary of the | scanning
-0 pigment etwork | microscopy
2)Black points  |holes  in  the [with a shap break | 2) Dermatoscopy,
located in the |pigment network, |inthe periphery confocal laser
4)heterogensity  [filament of e |uneven  pigment |2)Non-structural scanning
pigmentad n2twork boundary zomes, atypical | microscopy
natwork, brown |2)Granules arz  |granules and points 3) Dermmatoscopy,
or black  [usually atypical 3)Atypical bands | confocal laser
globules in the  |3)Possible (ps2udopodia  and | scanning
center of [detaction of bands radiance),  blots, | microscopy
2 ducati spots that mimic | 4)Ultrasound
3) - structure scatered  pepper, | diagnosis
4)Homogenzous and a veil orablue
structure and white veil
4)Inhomogensous
structure
Te e of [1,0°C 10<C 2,5°C Thermomery
lesions
10 | Echogenici Teohogenic ané  |Hy icry M I Ultrasound
moderataly or reduced diagnosis
raduced isoachoogenicity echogenicity
echogenicity with  hypoachoic
zones
Conclusions

The results of a comparative analysis of different types of
pigmented lesions and their clinical signs allowed to es-
tablish the necessary type of the diagnostics for the pur-
pose of early detection of precancerous skin changes,

which will substantially increase the survival rates at the
early stage of melanoma detection.
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Introduction

The electrical conductivity (o in units of S m!) of an elec-
trolyte is determined by the concentration and mobility of
its ions. Therefore, the electrical conductivity of the cell
interior should provide information about the state of the
ions within the cell, i.e., whether or not they are free mov-
ing or bound by ion exchanger mechanisms to components
of the cytoplasm such as proteins. It is a key measurement
for dielectric studies on cells. One of the most thoroughly
investigated cells is the red blood cell of mammals. This
cell exhibits a simple architecture, and its composition of
proteins and lipids is well known. Pauly and Schwan,
(1966) measured the internal conductivity of erythrocytes
and found a value 0of 0.518 Sm™" at 25°C (525 =0.518 Sm-
1. They concluded that the internal conductivity is largely
due to the inorganic ionic content composed primarily of
K*, Na*, Mg™, CI, and HCO;~ whose concentrations are
relatively easy to measure experimentally. The concentra-
tion of ions of haemoglobin due to their net charge was re-
ported to be +45 mmol charge/l (cell H>O) from a total
concentration of haemoglobin of 7 mM (cell H>O) and so
the mean effective +ve charge per haemoglobin molecule
was 16.4 (Pauly and Schwan, 1966). The calculation of cy-
toplasmic conductivity from the ionic concentration of ions
present in the cytoplasm multiplied by their limiting ionic
conductance according to Kohlrausch’s law gave a value
of 6 = 1.45 S m’! which is 2.7 times higher than that ob-
tained from experimental measurements by Pauly and
Schwan, (1966) (525 = 0.518 S m™"). They concluded that
the discrepancy between ideal specific conductivity and the
measured value was due to the ionic mobility being hin-
dered by cytoplasmic viscosity (Pauly and Schwan, 1966).
However, since most mammalian cells regulate their vol-
umes, after the initial passive swelling (stomatocytogenic)
or shrinking (echinocytogenic) as a result of changes in the
bathing electrolyte and/or temperature, cells usually return
to a near-normal volume (Glaser, 1979). Red blood cells
quickly change their cell volumes because water moves
quickly into them through water channel proteins called ag-
uaporins which do not allow charged ions to pass through
them (Murata et al., 2000). Several mechanisms are involved
in the slower process of adjusting their cell volume back to
normal, in most cases involving the loss and gain of K" and
CI and to a lesser extent Na*(Glaser, 1979; Bernhardt, 1991;
Parker, 1993; O’Neill, 1999). A perturbation of cell volume
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will certainly disturb the concentration of ions present in
the cytoplasm as described by Glaser and Donath, (1984)
and consequently cause the cytoplasmic conductivity to
shift from the normal physiological state.

In this investigation, the cytoplasmic conductivity of hu-
man red blood cells (HRBCs) at different temperatures was
observed. The cell volumes and cell water contents in the
cells were measured experimentally. The cytoplasmic con-
ductivity (c. ) was calculated according to the Debye -
Hiickel — Onsager equation combined with Walden’s rule
(Laidler and Meiser, 1995) and its temperature coefficient
was then estimated.

Materials and Methods

Red blood cells

HRBCs were obtained from the blood bank (Suratthani
Hospital, Thailand) and used within 3 days. The cells were
first separated from the blood plasma by centrifugation at
2000 g for 8 min. The supernatant plasma and buffy coat
was removed. The sedimented cells were used for the
experiments.

Preparation of the cell suspension

A 157 mM NaCl solution (300 mOsmol kg!) containing 1
mM Sodium Phosphate buffer (pH 6.8) was used to
resuspend the cells and the conductivity of the suspending
medium was adjusted to a conductivity of 1.48 S m™!. The
standard conductivity of the bathing electrolyte
suspensions at 20°C (520) was measured in the temperature
compensation mode (c20 = o1(1-0.0214(T-20)), where
or is the measured conductance at temperature T (°C) in a
constant temperature bath using a conductivity meter
(Mettler-Toledo, Switzerland).

Volume experiments

The haematocrit volume (Hct) of the red-cell sediment was
determined in haematocrit-capillaries by centrifugation at
10000 g for 8 min (Cence, China). From the Hct, the
amount of measuring solution was calculated that was
needed for the dilution of 50 pl of the sedimented cells to
a final cell concentration of 10% (v/v). The cells were in-
cubated in the measuring solution for 5 min and the Hct of
the suspensions were determined by haematocrit-centrifu-
gation at 10000 g for 8 min. In parallel, the cell number
was microscopically determined using a standard haemo-
cytometer (Improved Neubauer). From the cell count and
the Hct after 5 min in suspended solutions, the mean cell
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volume (MCV) was determined following standard clinical
methods (Gedde andHuestis, 1979; Harris, 1984; Sudrisi, 2009;
Glaser, 2000). A trapped water volume correction constant
of 3% was assumed in all Hct calculations (Gedde and Hues-
tis, 1979).

Determination of cell water

Red blood cells in a standard 1.5 ml Eppendorf tube were
spun down (10 000g) after 5 min of suspension in the
experimental medium. 300 pl of the packed cell volume
was then pipetted into a pre-weighed test tube (Gedde and
Huestis, 1979; Harris, 1984; Sudrisi, 2009). In parallel, the Hct
was determined experimentally. The tube was weighed
before and after drying at 80 °C for 24 hours. The cell
waterdetermination (Wc)was calculated from the wetted
cells weight (W7) and dried cells weightas (Wd) as follows
(Harris, 1984)

% W, =24, 100 — (100 — Het) %~ (1)

We Hct

Results

Cell volume

The data set of volume changes as well as water content of
HRBCs after suspension for 5 min in the measuring
solutions. The changes in cell water were found to be
proportional to volume changes: the HRBC volume
increases with rising of temperature. To further
characterize the nature of the volume changes depending
on temperature, the data on cell volume change were
plotted over a range of experimental temperatures (Figure
1) and fitted to the Arrhenius-relation as a suitable model
(Glaser, 2000).
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Figure 1: Volume changes over temperature in six different
external conductivities. The Arrhenius relation

Ey
(VT = 4e RT ) was used to fit the experimental points

and fitted using non-linear least squares fitting and the
asymptotic errors were calculated by matrix inversion. At
the standard experimental temperature of 25 °C the cell
volume was found to be 96.18 (+ 0.356) x 1078 m3 (+ SE,
n = 6) and the cell water content was 67.55 (£ 0.824) x
10"® m? (+ SE, n = 6) and at the normal human body tem-
perature of 37 °C, cell volume = 98.52 (£ 0.926) x 103

m? (+ SE, n = 6) and cell water 69.95 (+0.658) x 1078
m? (+ SE, n = 6).

Cytoplasmic conductivity

A Plot of calculated cytoplasmic conductivities over a
range of temperatures is shown in Figure 2.The data were
fitted to an exponential relation using non-linear least
squares methods and the asymptotic errors of the fitted
parameters calculated by matrix inversion. A temperature
coefficient value of k = 0.06239 + 0.00202 (+ SE, n = 24)
was obtained (Figure 2). The intracellular conductivities
increased by a factor of 1.866 + 0.0377 (+ SE) for every
increase in temperature of 10°C and hence the Qio of
cytoplasmic conductivity vs. temperature is a typical value
of ~ 2 found in many biological systems (Glaser, 2000;
Nobel, 2009).
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Figure 2: Cytoplasmic conductivity of HRBCs suspended
in external conductivities of 1.48 S m™' at six different
temperatures. Data points are means = SE (n = 4) so total
n = 24. The line was fitted by non-linear least squares
methods and the errors of the fitted parameters calculated
by matrix inversion.

Discussion

Cell volume

The activation energy obtained from the fit in Figure 1
indicates the electrical energy required to provide a driving
force for net movements of ions across the membrane
plotted over the ionic concentrations of the suspending
solution. Highly negative activation energy means there is
a high ionic concentration difference across the cell
membrane. The fits using the direct non-linear and log-
transform methods both give an activation energy of about
-2.4 kJ mol!. This means that there was little or no ionic
concentration difference across the membrane and hence
change in cell volume depends only on temperature. There
are two major reasons for an influence of temperature on
water influx. The first is an alteration of external
hydrostatic pressure as predicted by the Van’t Hoff
relation. The hydrostatic pressure depends strongly on
temperature and increases when the temperature is raised.
The increase in external hydrostatic pressure will destroy
the balance of the pressures between the two sides of the
membrane. To re-balance the system, water moves down
its chemical potential gradient and enters to the cell. The
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cell swells. Secondly, increase in temperature will decrease
the viscosity of external medium and consequently
increase in the hydraulic conductivity, L,, which is a
parameter determined by the viscosity of the fluid (1) and
membrane characteristics including the membrane pore of
radius (7), pore number (n m?), membrane thickness (),
which are related as follows (Sperelakis,1995):
_nm? @)
P 8ns

Cytoplasmic conductivity

The experimentally measured HRBC conductivity value
at 25 °C (o25 = 0.5566 = 0.0146 S m!, + SE, n = 4) shown
in Fig. 2 agrees very well with the value of 625 = 0.5 to
0.6 S m™! found experimentally in other studies on red
blood cells using quite different methods(Seidlet al., 1999;
Fuhr et al., 1986; Sudsiri, 2002; Krupa and Terlecki, 1976;
Asami, 1992) and is similar to theoretical estimates by
Glaser and Donath (1984). For comparison, the
conductivities of the cytoplasm of bacteria, plant
protoplasts and yeast cells using dielectric methods have
been reported to vary from 0.1 to 1.2 S m™! at 25°C and so
the conductivity of red blood cells appears to be
representative for the cytoplasm of most cells (Holzel and
Lamprecht, 1992, 1997; Suehiro et al., 2003) despite the
HRBC having a large amount of haemoglobin inside the
cell which might lead to the belief that its conductivity
would be unrepresentative. Of more physiological
relevance is the HRBC conductivity at 37°C; 637 = 1.156
+0.0188 S m™! (= SE, n = 4) in the present study which is
very nearly twice the value found at the standard
measuring temperature of 25 °C. Conductivity
information on HRBC cells is useful information because
the conductivities of most cells are not practically
measureable whereas the conductivity of the HRBC is
easily measured by very simple techniques and by more
than one method.

Conclusions

Our study has shown that the cytoplasmic electrical
conductivity of red blood cells can be estimated from very
simple experimental observations independently of
dielectric methods. This ability to estimate conductivity
independently is important in validating dielectric
experiments and for modelling the electrical behaviour of
the HRBC. Cell volume of human erythrocytes is
sensitively affected by both external ionic concentrations
and to temperature. It was found experimentally that the
conductivities increased by a factor of 1.866 + 0.0377 for
every increase in temperature of 10°C and hence the Qo of
cytoplasmic conductivity vs. temperature has a value of =
2. The alteration of cell volume induces changes in the
cytoplasmic conductivities which depend exponentially on
temperature. The convention of quoting conductivities at
25 °C can be misleading physiologically because
conductivity is exponentially related to temperature (Fig.
2): the conductivity at normal body temperature (37 °C) is
1.18 £0.02 Sm’!, + SE, n = 4) based on the curve fit. The
conductivity of HRBC in a patient with a severe fever
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(40 °C) would have a conductivity exceeding 1.4 Sm’!. The
experimentally determined Qo of = 1.866 is a typical Q1o
value found in many biological systems, including cation
transport in red blood cells (Laidler and Meiser, 1995). A Q1o
of 2 implies surprisingly large effects of small errors in
temperature in biological systems: for example an error of
1°C in the experimental temperature will result in a greater
than 7% error in a conductivity determination of a living
cell but only a 2% error in that of a NaCl solution.
However, this temperature effect would be easy to allow
for in an experiment if the experimental temperature is
carefully monitored. The results suggest that in future
experiments on cellular mobility in strong electric fields
(Gimsa et al., 1996; Sudsiri et al., 2002, 2007) special attention
to the temperature will have to be made since a temperature
increase will be induced by Joule heating, especially at
high media conductivities as already reported by Sudsiri et
al. (2007).
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Introduction

According to the WHO, inflammatory periodontal diseas-
es occur in 90-95% of the adult population and lead to
pathological changes in the dentoalveolar system [1].

Diagnosis is more based on visual examination of the oral
cavity and index evaluation of the soft tissue periodontal
conditions and is subjective. In most cases, patients al-
ready diagnosed with signs of inflammatory diseases are
diagnosed, diagnosis at an early stage of inflammation
causes significBrecunant difficulties, since there are no
clinical manifestations of the inflammatory process [2-5].

As a result of previous studies, the possibility of visuali-
zation of the foci of inflammation of soft periodontal tis-
sue (hereinafter — SPT) at an early stage has been estab-
lished [1-8].

The purpose of this study is the development and testing
of an algorithm for the automatic detection of foci of in-
flammation in the IR images of SPT. In the course of the
research, the following tasks were set and solved:

— the effectiveness of segmentation algorithms is investi-
gated when inflammation foci are detected at various
stages of the inflammatory process;

— an assessment of the quality of the algorithm for auto-
matic detection of inflammatory foci on the IR images of
SPT was carried out.

Materials and Methods

The study was carried out using a verified database of 150
IR images of SPT at various stages of the inflammatory
process, formed as a result of previous studies [7]. The
Database contains of 20 IR images of Intact SPT, 70 IR
images of the stage of the SPT early inflammation and 60
IR images of the stage of the SPT severe inflammation.
The choice of informative parameters of inflammatory
foci is expedient to be carried out taking into account the
laws of visual perception. High contrast of the object with
the background is easier to perceive with the eye, which
allows to identify the primary symptoms of the inflamma-
tory process on the IR images of the SPT. The contrast in
its turn is due to the intensity differences in the image.
Thus, to determine the distinctive features of the inflam-
matory foci, the parameters characterizing the spatial dis-
12

tribution of the energy of inflammatory foci in the IR im-
ages of the SPT are analyzed, see tab. 1.

Table 1: Contents of the IR image of SPT database

The parame- | Formula for Notation

Ne

ter (pi) calculation
1 Average I; — intensity of
intensity I, = 1 z‘_ be the i-th element
N=" of the image
2 | Selective SD ,
S = T -1,)

3 | Coefficient of Iinax, Imin — the
contrast at the I 1. mfix'imum and
border of the .= ]"m " I"f“ minimum mo-
focus of in- max T Tmin | des of intensity
flammation of histogram
SPT

4 | Modulus of Gy =dl/dx,
gradient on Gy=dl/dy are
the border of the intensity
the inflamma- [ gradients in the
tory focus of G=JG. 6, horizontal and
SPT vertical direc-

tions, respec-
tively

5 The ratio of I, is the average

average in-
tensities

intensity of the
image

In the course of the studies it was established that the IR
images of the SPT at the stage of early and severe in-
flammation differ from intact tissues by the mean intensi-
ty In, the selective mean square deviation Sy, the contrast
coefficient at the border of the inflammatory focus of the
SPT Ca, the gradient modulus at the border of the in-
flammatory focus of the SPT G and the ratio average in-
tensities 7, see tab. 2.

Table 2: Values of informative parameters of inflamma-
tory foci on IR images of SPT

No | Param-
eters Intact early in- | severe in-
tissues flammation | flammation
1 | In 0,39+ 0,04 0,36+ 0,01 0,71+ 0,02
2 | S 0,03+ 0,01 (70 )10 | (60£1)1073
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3 [Ca 033+0,02 | 0,54£0,02 | 0,55+0,15
4 |G (18£3)10* | (50+ 1)10* | (48+ 1)10°*
5 |r 1,18+0,18 | 1,82£0,18 | 3,68+0,78

There were threshold segmenation with the parameters
Cs G, and a watershed method applied for automatic
segmentation of the centers of an inflammation on IR
images of SPT.

The calculation of I, S; and r were carried out within the
investigated area of the potential focus of inflammation,
and for G and Ca - outside. If the obtained values of in-
formative parameters belong to the confidence intervals
of the foci of inflammation, then the region was classified
as a foci of inflammation, if not, then intact tissues.

The evaluation of the segmentaion quality was carried out
by calculating the relative error of the detection of foci for
each of the algorithms:

(1)

where k is the relative error, S, — the area of the focus of
inflammation, obtained in the mode of automatic allocati-
on using the considered segmentation algorithms, Sy, - the
area of the focus of inflammation, allocated manually.
The S, and S, were determined by counting overall pixels
quantity of the segmented areas. The smaller the relative
error of the two areas, the more accurately the area of the
focus of inflammation of the SPT is segmented.

k =100 Sa 100
- S

m

Results

The results of the segmentaion quality estimation are
presented in tab. 3.

Table 3: The value of the relative error

Algorithm Stages of inflammation
Stage of early | Stage of
inflammation | severe
inflammation
Threshold segmentaion 6.2% 3.15%
using C,
Threshold segmentaion 16.1% 32.3%
using G
Watershed method — 15,3%
Discussion

The segmentation algorithm modulating the gradient on
the boundary of the focus of inflammation with the use of
a sliding mask showed the highest relative segmentation
error, because at the time of registration, artifacts, such as
salivation, with a high modulus of the gradient appear on
the IR images of the SPT, which in turn leads to the de-
tection of regions that do not correspond to the centers of
inflammation of the SPT .

The algorithm for segmentation of inflammatory foci on
the basis of the watershed method showed good results
when a stage of severe inflammation was detected on the

IR images of SPT. Foci of early inflammation of SPT by
the watershed method are not segmented, which makes it
impossible to apply this algorithm as a universal method
for segmentation of inflammatory foci for various stages
of the inflammatory process of SPT.

The segmentation algorithm based on the contrast ratio at
the boundary of the SPT inflammation focus with the use
of a sliding mask is the best and provides the lowest rela-
tive segmentation error.

Conclusions

As a result of the study, it was established that the least
relative error of segmentation of inflammatory foci on IR
images of SPT provides an algorithm for automatically
detecting inflammatory foci by the contrast ratio at the
border of the SPT inflammation focus using a sliding
mask.
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Introduction

Magnetic positioning method has found a lot of applica-
tion in medicine. This is because the method does not re-
quire line of sight between a generator of magnetic field
and a movable receiver, which makes it possible to use
the receiver inside of patient’s body.

The method also has a high accuracy, speed perfor-
mance, reliability and ease of implementation, which al-
lows to accurate determine the location and orientation of
the surgical instrument in three-dimensional space in real
time. Currently it is an essential prerequisite for many
modern medical procedures.

Through the use of this method, complex inner surgical
operations for the patient can become less dangerous be-
cause of reduction of possible number of errors by to con-
stant high-precision tracing of invasive instruments.

The navigation and control of a medical instrument is
achieved by determine location and orientation of minia-
ture active receivers that are moved inside of patient's
body together with an invasive instrument.

Magnetic positioning method is used in numerous appli-
cations within the area of biomedical engineering, such us
ENT Surgery, laparoscopic surgery, thoracic surgery,
simulation and surgeon performance. For example, Tustin
et al. [1] developed EMT for real-time organ-positioning
during radiotherapy of cancer tumors, Plotkin et al. [2]
designed EMT for tracking of the human eye and used it
to diagnose vestibular disorders, Seeberger R, Kane G,
Hoffmann J, et al. [3 ] used EM device for navigation
maxilla-facial surgery, H. Zhang et al. [4] developed
EMT for abdominal interventions.

Method

The method of magnetic positioning is based on the ge-
neration of a magnetic field and measurement of the or-
thogonal components of this field by the movable sensor
in the research area. The location and orientation of the
movable sensor are determined by solving the system of
equations.

For determining the field density at an arbitrary point in
space, a magnetic field method of the circular current is
used, which describes approximately the behavior of a
small conducting body in a magnetic field. Since the dis-
tance to the observation point is many times greater than
the dimensions of the sensor, the following expressions
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for the vector of the magnetic field strength in a spherical
coordinate system is applied [5]

The main power characteristic of magnetic field is field
density. The magnetic field at each point of space sets the
dipole moment vector in a certain direction. This direction
is taken as field density of the magnetic field at the same
point.

For determing the field density at an arbitrary point of
space, apply the method of circular current, which appro-
ximately describes the behavior of a small conducting bo-
dy in a magnetic field. In connection with the fact that the
distance to an observation point in many times larger than
the dimensions of a receiver, then the field density in the
three-dimensional coordinate system can be described by
the following expression:

B =rot(A) = rot(m—;fj = {V, [rﬁ,j’]} = {V, {m’%ﬂ M
r r r

Where A is a magnetic vector potential, /71 is magnetic
moment vector, 7 is distance vector between receiver and
transmitter.

The right-hand side of the equation (1) can be represented
in the next form:

B= n‘a(?éj—%(?ﬁ) )
r r

In equation (2) the first term is zero, because

= 7 (T .
(V,—J = dlv(—Sj =div(H)) 3)

r r

Where £, is magnetic field strength of a single point
charge at the origin, in point 7; = 0. By the Gauss theo-
rem in differential form div(H,)=4mp , and for a sin-
gle point charge at the origin we have p =0 at all points
except the point 7; =0, therefore div(H,) =0 at all
points except the point 7; = 0, then:

_ 7 B
(V, —3] =0, at all points except the point 7; = 0.

Then the dipole field density:
B= i}(?,n—a)f —f(ﬁ,n—z)% = i}(ﬁ,m)F—
r r r
~ | 4
_F(Va n_/la _3)
r
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In (4) the first term on the right is:

(V,m)7 = mxi+mvﬁ+mz2 X
ox oy 0z

x(sz+yj_'+zl;)=m 2x7+m iyj_'+ (5)
tox " oy

a R -~ - e —_
+m,—zk =mi +m,j +mk_ =m.

0z
Then use (5) in (2) and receive:
m _ 1

B=-=-F(V,m,—) (©)
r r

Then the second term in (6) can be transformed:

3 2
A o
r r r r

®)

—(1 1Y( 7 7
V= |=3-||-L |=3L 9
FG) )0 g

Substitute (9) in the expression for the magnetic field of
a point magnetic dipole (1) and obtain:

5 m [ r _(IW,F)? m
B———3— (m,—3—3j—375—7 (10)

r r r
5 —3mLnr _m

i

- field density generated by the

r’ P
i-th transmitter.
Bxi 3
mr m,
Bi(x’yaz)z[BxiByiBzi]z Byi &( 5~ 3l)
B 4  r r

B, - field density generated by the i-th transmitter along

the axes X, Y, Z.

Where, B, ;B B, are the value of the axial components
of the measured field density at the point where the recei-
ver is, My is permeability of  vacuum.
r= [xi —X, Y;—Yo Z; —Z,] is the difference
between the previous and the current location of the re-
ceiver, where X, Y, zZ,are previous coordinates of the
receiver location relative to the axes X, Y, Z, and X; y, Zz,
are current coordinates of the receiver location.

sin®, cos 0,
m;,=N,S, I,|sinf sing, (11)
cos

Where m, is magnetic moment of the i-th transmitter,
N, is number of turns in the transmitter winding,
S, = 7Z'Rt2r is cross-sectional area of the transmitter, Ry is
radius of the transmitter coil, / . 1s current in the transmit-

ter winding, 91 is roll angle, @, is pitch angle.

The voltages pulses, induced in the receiver will be e-
stimated basing on the known distribution of the
electromagnetic field from the transmitters [6]:

Uout = _a)OSsen (Binsen) (12)
Where n,, =|n,,n inz. is unit v.ector along the
axes X, Y, Z, S = is cross-sectional area of the

sen sen
receiver; Ry, is radius of the receiver coil; @, = 27f, is
angular frequency of the alternating current supplied to
the transmitter.

Experimental setup

The magnetic positioning system is modeled using the
Finite-Element-Method in ANSYS Maxwell for deter-
mining the sensor location in the three-dimensional space.
This model includes the group of independent sources of
magnetic field and the developed ferromodulation con-
verter with pulse compensation. This converter can be
used as a receiver.

Together with the results of the FEM simulation an ex-
perimental unit is designed. Fig. 1 presents the block
structure of this unit.

PC
— DAC MC ADC
—1 PU 1
l 1
L | emr v R aBdr 1 L F

Figure 1: Block structure of experimental setup

Where PC is a personal computer, MC is a microcon-
troller, DAC is a digital-to-analog converter, GMF is a
magnetic field generator, PU is a positioning unit, 4 is an
amplifier, / is an integrator, F is filter, ADC is analog-to-
digital converter.

PC controls operations of the entire positioning system
and solves mathematical problems of determining the co-
ordinates of the movable receiver. Estimation algorithm
for determine the location and orientation of the movable
receiver is implemented in the MATLAB environment.

MK sequentially connects independent sources of mag-
netic field to the power supply, controls the receiver's
movement by supplying the control code to the position-
ing unit, obtains, records and transmits the values of the
induced voltage pulses U in the receiver to the PC.

DAC converts digital codes from the PC into analog
signals to control independent sources of magnetic field
that are switches on circular for a short period of time
(about 50-100 ms) and generate a magnetic field of
known shape.
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GMF consist of eight independent sources of magnetic
field having the same orientations along axes of a fixed
rectangular coordinate system and generating a magnetic
field of known form with magnetic field strength in range
of 100-150 A/m. Independent sources of the magnetic
field are united in one structural element and are fixed in
the given coordinate system XYZ.

PU is used like a reference system for motion estimation
of receiver.

R get a signal from each independent source and induces
voltage pulses directly proportional to the change in time
of field density depending on the distance and angle be-
tween i-th source and receiver.

A intensify an output signal from the receiver.

F filters output signal from the receiver.

I integrates the output signal from the receiver.

ADC converts the output analog signal into a digital
code.

System configuration

At present, various configurations of magnetic position-
ing systems are known, which use one, two or three re-
ceivers as the sensitive element of the system.

The most promising for medicine is the option with a
single receiver, which overall dimensions must be mini-
mal.

In that case, for determining the location and orienta-
tion of the single receiver in space, it is necessary to pro-
duce at least N = 5 independent measurements.

N(x,y,z,0,9) (13)

Where, N is unit vector, x, y, z are coordinates of the re-
ceiver location relative to the i-th transmitter.

Determination of the receiver orientation in spherical
coordinates is possible because of two variables 6 and ¢,
yaw and pitch angles.

The configuration of the electromagnetic positioning
system is selected from the conditions for solving the
mathematical problem. For finding of five unknown coor-
dinates of the movable receiver (13), it is necessary to
have a minimum of five independent measurements. The
following condition must be satisfied [7]:

L-M>5 (14)

Where L is number of receivers, M is number of inde-
pendent transmitters.

For finding of five unknown coordinates at one point in
the three-dimensional coordinate system of research area,
need to use the following solution:

L =1, M =5 (one receiver and five independent trans-
mitters)

O’Donoghue et al [8] discusses the "blind zones" of the
space under study and suggests using the following for-
mula for calculating the optimum number of transmitters:

N(N +1)/2 (15)

At the same time, Plotkin et al [9] showed using numeri-
cal simulation that the minimum number of transmitters
providing continuous tracking of the receiver is eight, in
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addition, this design provides the best tracking accuracy
for the transmitter in the research area. A schematic illus-
tration of the developed magnetic positioning system con-
taining one-axis receiver is shown on fig. 2.

ZA

receiver

;i—th transmitter
X

Figure 2: Model of magnetic positioning with five de-
grees of freedom

Receiver construction

The receiver sensing element is ferromodulation con-
verter with pulse compensation which contain C made of
low-coercitivity material with rectangular hysteresis loop
RHL. C and Wm create a zero-organ whose principle of
work based on using of limiting hysteresis loop nonlinea-
rity of C material. C and Wm create a zero-organ whose
principle work based on using of the nonlinearity of the
limiting hysteresis loop of the core material. Wc works
like an excitation and compensation winding at the same
time, which consists of two identical windings Wec; and
Wc, are wound opposite Wm. Moreover, only Wc; is ap-
plied on C, Wc; on S. This condition allows to eliminate
the parasitic connection between Wc and Wm. Construc-
tion of the receiver represent on fig. 3.

10 mm

Figure 3: Construction of the receiver

Where, Wc2, Wcl are compensating windings, Wm is
measuring winding, S is non-magnetic substrate, C is a
core.

However, the movable receiver in medical magnetic po-
sitioning systems must have minimal dimensions for
placement in the patient's body. A design of a reduced si-
ze receiver is proposed, in which only one compensating
winding is used. To eliminate parasitic connection, soft-
ware correction is used.
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In the software environment of ANSYS Maxwell, the
magnetic state of the sensitive element of the primary
magnetic field converter was simulated (fig. 4), the mag-
nitude of the current creating the compensating field was
calculated, and the minimum allowable diameter of the
compensating winding wire.

(A== % T

[P PR S e
I veleaen o wl >yel I > e

losw aa

Figure 4: Simulation of converter magnetic state in
Maxwell

Experimental research

The sensor receives a signal from each source and

when the sensor's position or orientation change, the
magnetic flux density B changes, too. In this case the
voltage pulses U are induced inside the sensor. In
terms of the magnitude and nature of the induced volt-
age pulses, the position and orientation of the sensor
within the research area are calculated by means of the
measuring block of the developed system.
During the experiment, the sensor and one of the
source centers are on the same plane. The sensor is
moved along this plane with a step width of 1 mm.
The research area is 400 x 300 mm?. At each point of
this area, the voltage values induced in the sensor are
measured, depending on the distance between the sen-
sor and the source and the magnetic field strength (fig.
5).

Inducted voltage pulses

Distance between sensor and source

Figure 5: Static model of the inducted voltage pulses
in receiver

After the identification of the static model in which
each point is assigned to a certain voltage value,
which is induced in the sensor, it is possible to move
the sensor to a given point of the defined space.

In this case the sensor works as a zero-organ (an el-
ement of the automatic controller that generates a sig-

nal proportional to the difference of the compared val-
ues), comparing the induced values in the sensor with
those assigned to certain coordinates.

Conclusions

The results of this research show a high accuracy. The
interval of the induced voltage in the sensor after the
measurement cycle at the same point in space do not ex-
ceed an error of 0.4%. It has been confirmed experi-
mentally that the measurement error increases significant-
ly with an increasing distance between the transmitter and
the sensor. To increase the accuracy of positioning, it is
proposed to use two sources where the sensor is located
on the connecting axis between this two sources. In this
case, the maximum value of the measurement error will
be reduced significantly.

As a result of the research, algorithm of determine the
position and orientation one-axis receiver in three-
dimensional space in real time was realized by solving
systems of equations. In response to the proposed ap-
proach, it was possible to minimize overall dimensions of
receiver without loss of accuracy.
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Introduction

Burn injuries are one of the most important modern social
and medical issue due to its prevalence, high death rate
and considerable rate of temporary inability of working
and primary disability [1]. Extensive burns cause huge
losses of blood and weakness of the body therefore mak-
ing sick man vulnerable to the infections which lead to
inflammation [2].

Electroaerosol therapy is one of the methods of burns
treatment. Exposing the burn wound to negatively
charged medical aerosol particles. Under the impact of
negative charge, the improvement of absorbability and
pharmacologic properties of medical aerosols is occurred.
It is known that thanks to negatively charged medical aer-
osols the perfusion is increased that helps with regenera-
tion [3]. Moreover, electroaerosols have distinct bacteri-
cidal effect, they are able to inhibit the growth of various
bacteria and fungi [4].

Unlike pharmacologic methods, electroaerosol therapy is
less toxic and dangerous to body, and it is considered to
be effective in burns treatment and allows considerably
lower the dose of medicamental burden.

The aim of this study is the research of flow rates of elec-
troaerosols in the workspace of the device of electroaero-
sol therapy.

Materials and Methods

Solving stated task, the geometrical model of device’s
workspace chamber, shown on fig. 1, was suggested. This
model consists of air space (surfaces 5 and 6) between
biological object (surface 7) and workspace chamber (sur-
faces 1 and 2), and ionizing electrode (surfaces 3 and 4).

To compute this model, we did assume that the flow of
electroaerosols is laminar, it is modelled as Newtonian
incompressible fluid, there are no particle coagulation and
recombination of charges. We consider that the velocity
of particles and air flow are equal, and electroaerosols are
water spheres.
Flow rates of electroaerosols in workspace were comput-
ed using the following equations:
—  Fick’s convection and diffusion [5]:
V-(=D;V¢;—z ~mob-F-VV)++U-V¢c;=R;, (1)

N; = —D;Vc¢; — z;mob - F - VV + Uc; )

where ¢ — consentration (mol/m?), D — diffusion coeffi-
cient (m?/s), z — ion’s charge, mob — ion’s mobility in an
electric field (s-mol/kg), F — Faradey constant, R— reac-
tion rate constant (mol/(m?*s));

— Navier-Stokes’ laminar flow [6]:

a7 = Nm = 1 2
E_(—U-|7)U+vAU—;|7P+f+g, 3)

vy =0, (4)

where U — velocity (m/s), v — kinematic viscosity (m?/s), p
— density (kg/m?), P — pressure (Pa),? — vector field of
mass forces, g — gravitational acceleration;

— Electrostatics [7]:

E=vv, (5)

(6)

where D — electric displacement field (C/m?), py — spatial

charge density (C/m?), E - electric field (V/m), V — elec-
tric potential (V).

V'ﬁ:pV>

——
3
o
2
i
.
6 q{
7

Figure 1: Geometrical model of device's workspace

To compute the ratio of electroaerosol particles on the
bioobject’s surface the following equations of forces af-
fecting particles in the air flow were used [5, 6, 7]:

— Newton’s law:

™
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Friction force:

18u
Fo = (12) my(u —v). ®)
—  Brownian force

F= ( 121rkABt;tTrp, (9)

—  Electrostatic force
F =eZ(-VV), (10)

—  Gravitational force

(pp—p)

Fy = myg P2, (11

where m,, — particle mass (kg), v — particle velocity (m/s),
t — time (s), F; — force affecting particle (N), u — airflow
velocity (m/s), p, — air density (kg/m®), p, — particle
density (kg/m?), d, — particle diameter (m), 4 — air dy-
namic viscosity (Pa-s), k3 — Boltzmann constant, 7 — abso-
lute temperature (K), r— particle radius (m), { — propor-
tionality coefficient.

All these equations were solved concurrently using finite-
element methods.

To study the electroaerosol flow rates we did set the fol-
lowing boundary conditions: walls (surface 2) of work-
space chamber and bioobject’s surface (surface 7) are no
slip; relative pressure at the inlet (surface 1) of workspace
chamber Pin; relative pressure at the outlet (surfaces 5
and 6) of workspace chamber Pout=0; side walls (surface
2) of workspace chamber and bioobject’s surface have
zero potential (ground); potential on ionizing electrode
(surfaces 3 and 4) is UI/=-25 kV; zero charge on inlet and
outlet (surfaces 1,5 and 6); initial particle concentration in
an entire model is 0 mol/m?; Inflow — surface 1 — concen-
tration Caer=0 mol/m?; concentration Caer m=1,5-10"1
mol/m* on the edge (surface 4) of ionizing electrode;
walls (surface 2) of workspace chamber and bioobject’s
surface (surface 7) are perfectly adsorbing walls — con-
centration Caer=0 mol/m?; Outflow — surfaces 5 and 6.

Results

Trajectories of particles with diameters 10 um and 40 um
while the workspace chamber is parallel to gravity force
vector g were obtained, which are shown on figures 2 and
3. It is considerable that the bigger the diameter of parti-
cles is the greater quantity of them reaches the biobject’s
surface.

The effect of gravity force and particle diameter on elec-
troaerosol flow particles ratio on bioobject’s surface was
studied in two workspace chamber’s positions: vertical
(chamber’s axis was parallel to gravity force vector §) or
horizontal (chamber’s axis was perpendicular to gravity
force vector §). We studied the dependence of diameter
of electroaerosol particles and the part of electroaerosol
particles reaching the bioobject’s surface (particle ratio).
The dependence is shown on figures 4 and 5.

20
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Figure 2: Trajectories of particles with diameter 10 um
while the workspace chamber is parallel to gravity force
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Figure 3: Trajectories of particles with diameter 40 um

while the workspace chamber is parallel to gravity force
vector g
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Figure 5: The dependence of particle ratio and diameter
while the workspace chamber is perpendicular to gravity
force vector §

Conclusions

During the research, it was confirmed that electroaerosol
particles with the diameter 40 um and more reach the
burned bioobject’s surface the most effectively inde-
pendently of the workspace chamber position. Recom-
mended input pressure is 3 and more Pa because it pro-
vides greatest quantity of electroaerosol particles on
burned bioobject’s surface.
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Introduction

Testing of the different modes of surgical devices includes
tests on autopsy material. In this case, the major limitations
are difficult biological samples acquisition, the heteroge-
neity of tissue properties and the dependence of mechani-
cal properties on storage time and temperature.

An alternative to testing on autopsy materials is the mod-
eling of surgical intervention. Modeling can be physical,
analytical and computer-simulated.

Computer-simulated modeling (finite element analysis)
has the advantage of unlimited ranges of parameter
changes in the study. However, the parameters for the anal-
ysis are rarely fully described for biological tissues. Also,
the computer modeling is a solution to a simplified task,
which do not reflect all processes occurring in a real oper-
ation. Analytical modeling offers investigation of mathe-
matical models of biological tissues, but the modeling of
surgical exposure is also simplified.

Physical modeling offers a possibility to study the effect of
surgical intervention on the physical model of tissue (phan-
tom). The physical model simulates the target tissue. It is
made from material that fits best the required criteria, for
example the Young’s modulus. Therefore, in tests on blood
vessels, for example, it would be much easier to have a
model that could mimic the physical vascular properties.
A paper review of the values of the Young's modulus for
various vessels and their layers showed that according to
[1], the static Young's modulus of the coronary artery is 2.3
MPa with a tensile pressure of 100 mm Hg. For the ab-
dominal aorta the Young's modulus lies in the range from
0.1 MPato 1.2 MPa at a tensile pressure from 1 mm Hg. to
90 mm Hg. [2]. According to [3], the Young's modulus of
the coronary artery in men, depending on age, lies in the
range from 0.9 MPa to 5 MPa. For women, the range is
from 0.9 MPa to 4 MPa.

Physical models allow tests on large volumes of samples,
in comparison with the autopsy material. Homogeneity of
phantom properties increases the repeatability of results.
The method of physical modeling allows to more accu-
rately estimate the influence on tissue comparing to analyt-
ical and finite element modeling.

Materials used for physical modeling are often made by
mixing two components: the main component (MC) and
the supplementary one. When the ratio of MC in the mix-
ture changes, the mechanical properties of the model also
change. In this paper, the criterion for the similarity of ma-
terial and biological tissue are mechanical characteristics.
The main mechanical characteristic of the material is the
Young's modulus, so the selection of the material is based

22

on the correspondence of the Young's modulus to the real
tissues.

For some materials, there is a wide range of values. It is
due to the dependence of the mechanical properties on the
ratio of mixing components in it. Ranges of possible values
of the Young's modulus for some materials are presented
in Fig. 1. [4]

E, kPa
200
150
100
50
. : 1
Agar-agar PVA-C PVC Silicone  Gelatine

Figure 1: Mechanical properties of phantom materials

In [5] the Young's modulus for pure gelatin with concen-
trations of 25-30% was calculated. The range of values is
0.07-0.1 MPa. In [6] the values of the Young's modulus for
gelatin mixtures are 0.4 kPa for gelatin-water mixture, 0.8
kPa for gelatin-water-sugar, 0.6 kPa for gelatin-water-
sugar-citric acid.

In [7], there are dependences of the Young's modulus of
gelatin  and agar-agar on their concentrations

E, =0,349-C'*" E, . =0,0034-C*” where C

agar

is the concentration in g/l of gelatin and agar-agar, respec-
tively. Although, the chosen ranges of concentrations were
not justified and these equations are applicable only within
these ranges.

Taking into account the dependence of the mechanical
properties on the ratio of mixing components, the most ac-
curate simulation of the mechanical properties of biologi-
cal tissue is possible by choosing the material of the most
suitable concentration.

It is useful to cover the widest possible range of material
properties to be able to mimic any type of biological tissue
using chosen materials. According to the data shown in the
Fig. 1, it is wise to choose gelatin and silicone for the cur-
rent study. Gelatin is the most widely used material for
physical models and therefore its mechanical properties at
different concentrations are very useful to compare and re-
fine the results of other studies. PVA-C could also be used
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in this study but its drawback is a complex and long prep-
aration procedure, especially for multi-layer structures.
Unfortunately, biological tissues usually require multi-
layer physical models.

However, as it was shown previously, in existing studies of
the mechanical properties of materials for physical models,
there is no clear dependence of the mechanical properties
on the concentration under compression and stretch over
the entire range of concentrations.

In this paper, we investigated the widest ranges of possible
ratios of the components to be mixed when testing materi-
als for compression and stretch. The dependence of the
Young's modulus on concentration was investigated.

Materials and Methods

Materials

In the current work studies were conducted on gelatin and
silicone. The dependence of the mechanical properties of
these materials on the value of the mass fractions of their
MC: gelatin and silicone gel, respectively, was investi-
gated.

Mass fraction of MC can be expressed as:

m
—M % 100%

Mpyixture

w =

(1)

where myc 1s the mass of MC, muixwre 1S the mass of the
mixture.

The solution for the samples was made from gelatin (“Dr.
Oetker” brand) by adding water at a temperature of 60-
70°C. It was poured into cylindrical containers (for com-
pression tests) or flat containers (for tension tests) and
placed in the refrigerator (temperature + 4°C) for 6 hours
until complete solidification. To facilitate the extraction of
samples, the forms were pre-lubricated with petroleum
jelly.

Gelatin was tested for compression with a mass fraction
ranging from 2% to 50%. The tensile samples were tested
with a mass fraction of MC ranging from 10% to 40%.
The types of silicones vary significantly from soft to hard
ones, the latest can be used for example for tires produc-
tion. To simulate biological tissue, that is rather fragile, we
searched the softest silicone. To measure the hardness of
low-modulus materials (plastics, elastomers, rubbers, etc.),

SHORE HARDNESS SCALES

MEDIUM
T T N S T U

B o 10 20 3 40 50 6 70 80 90 |ool 1 1
| |
E 1 1 o 10 zlo 30 4i) 50 60 7'0 nlo oolmo 1
| SHORE D | 0102030 4 5 60 70 8 9 100

SHOEWEEL  SHOPPING CART HARD HAT
"

a Shore hardness scale is used (fig. 2) [8].

Figure 2: Shore hardness scale

From fig. 2 the softest silicone (Extra soft) is type 00. But
silicones of this type are too expensive, therefore, type A
was chosen for the tests. Among this type, a silicone com-
pound Alcorsil 315 based on tin was chosen, its technical
characteristics are given in the tab. 1. Compound consists
of two parts - silicone gel (part A) and hardener (part B).

Table 1: Parameters of Silicone Alcorsil 315

Parameters Values
Ratio by weight 100 A: 5B
Viscosity of the mixture, cP 10,000 £+ 2000
Life time 20-40 min
Curing time, at 23 ° C 4-6 hours
Shore A / D hardness 15£2 A
Density, g/ cm3 1.08
Tensile strength, MPa >2.75
Breaking strength, MPa >1.77
Elongation at break,% >363
Linear shrinkage,% <1

From tab. 1, the recommended ratio of weight parts (A:B)
is 20:1. the upper and lower limits of silicone hardening
were investigated within = 900%, which is from 1:1 to
200:1.

For ease of mixing, the mass ratio was converted into a vol-
ume ratio. Corresponding component densities: pa = 1,125
g/cm?, pp=0,96 g/ cm’.

The solidification threshold ratio was investigated in drop-
lets of small volumes. The suitable lower limit of volume
ratio was 2:1 and the upper limit was 40:1. At lower ratios,
a homogeneous compound was impossible to achieve due
to instant solidification. At larger ratios no solidification
occurred even after 24 hours. The later studies showed that
samples with ratios 2:1 and 3:1 did not solidify in the sy-
ringe, but only in air and therefore were also excluded from
the experiment.

Thus, Alcorsil 315 was tested within the range of a mass
fraction of 75 - 97.6% for tensile and 80 - 97.6% for com-
pression.

All samples were divided into groups by material, type of
test and mass fraction of MC. Each group contained 3-5
samples.

Methods

For compression, the samples were made in form of cyl-
inders 10 mm long. The nature of the destruction of gelatin
samples in compression tests depended on the concentra-
tion of MC. Low concentration samples typically split into
3-5 pieces, while high concentrations samples crushed.
Dumbbell samples for tensile tests were cut with a die.
During the stretching, the wide part of the sample slipped
out of the clamps; therefore, to increase the friction pieces
of insulating tape were glued for the gelatin samples and
adhesive tape for the silicone samples (figure 3). The rup-
ture of the silicone samples occurred layer by layer.
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Figure 3: Stretching test of gelatin (left) and silicone
(right) samples.

The thickness of the samples was measured with a microm-
eter. In the test on the Instron 3365 test machine, the de-
pendence of the force on elongation was recorded. Then,
from the experimental data, the dependence of the stress on
the deformation was calculated as follows:

(2)

where F is the registered force, S - initial cross-sectional
area of the sample, Al - elongation, | -initial length.

The Young's modulus was calculated in the linear section
of the stress-strain curve.

Results

The dependence of the average values of the Young's mod-
ulus on the mass fraction of MC for each group is shown
in figures 4-7. There were 4 different groups for two types
of materials and two types of tests: tension and compres-
sion.

The average value of the Young's modulus for each mass
fraction is showed by an asterisk. The exact values are
shown by red crosses. The error bars show the confidence
interval of 95% for each mass fraction.

The average values for each group were approximated for
best visualization. The lowest possible order of approxima-
tion was chosen. The order of approximation varies be-
tween different groups.
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Figure 4: Dependence of the Young's modulus on gelatin
concentration under compression
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Figure 5: Dependence of the Young's modulus on gelatin
concentration in tension
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Figure 6: Dependence of the Young's modulus on si-
licone concentration under compression
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Figure 7: Dependence of the Young's modulus on si-
licone concentration in tension
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Discussion

In this work materials for the physical modelling of biolog-
ical tissues were tested under compression and stretch to
find the strength properties, depending on the mass fraction
of MC. The results for each group of samples were approx-
imated.

This work allows to choose to the right concentration of
material to get the physical model with exact physical
properties of the target tissue.

As expected, the dependence of the Young's modulus on
the mass fraction of silicone is more linear than for gelatin,
which conforms well the literature review. Its Young’s
modulus is closer to vascular tissue so for vascular physical
models it fits better. Also, silicone characteristics do not
change with time and, most importantly, do not depend on
temperature changes. This fact confirms the expediency of
using silicone for modeling biological tissues.

According to the graphic results, we conclude that the de-
pendence of the Young's modulus on the mass fraction for
silicone is insignificant. Thus, it is necessary to choose a
silicone with the Young's modulus that closely matches the
parameters of the target tissue.

Gelatin required not only the exact conditions of storage
and preparation, but it also quickly lost its properties due
to drying or melting. Gelatin is good for model making be-
cause of its high variability of parameters. This makes it
suitable for modeling a wide range of materials.

However, it should be noted that these materials are not
suitable for vascular models. If we develop a blood vessel
model we should use harder silicones or gelatin mixtures.
These mechanical properties were investigated only in the
linear portion of the stress-strain curves. This does not fully
describe the nonlinear behavior of the material. Materials
for physical modeling behave nonlinearly, like biological
tissues [9]. Thus, it is also planned to study nonlinear me-
chanical properties of materials for physical modeling for
the fine selection of material concentration to model spe-
cific tissues.
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Introduction

Hemodynamic conditions in cerebral arteries, especially at
bends and bifurcations, play an important role in initia-
tion, growth and rupture of cerebral aneurysms [1]. During
the recent years a computational fluid dynamics (CFD) has
been used by many researchers as a primary tool for inves-
tigation of cerebral circulation, focusing mainly on finding
a correlation between flow conditions and genesis of cere-
bral disorders [2]. However, the CFD studies are limited by
a rigid vessel wall assumption, e.g. [3-5], primarily due to
the lack of patient-specific information about mechanical
properties of the vessel wall.

Several groups have reported approaches for evaluation of
mechanical properties of cerebral arteries utilizing modern
non-invasive clinical techniques, such as intravascular ul-
trasound (ultrasound elastography) [6] and magnetic reso-
nance elastography [7]. Despite of the promising results, a
low spatial resolution of the aforementioned methods has a
significant influence on estimated mechanical properties.
On the other hand, intravascular optical coherence tomog-
raphy (OCT) seems to be a promising technique for high
precision imaging of internal vessel wall structures and
could be used for evaluation of mechanical properties of
the cerebral arteries [8]. Moreover, feasibility studies of the
use of OCT to perform elastography have shown a strong
correlation existed between the mechanical measurements
and those performed with OCT elastography, with no sig-
nificant difference existing between the two techniques
[9,10].

In this study, we present a novel approach for a patient-
specific mathematical modeling of hemodynamics taking
into account individual biomechanical properties of the
cerebral artery obtained by optical coherence elastography.

Materials and Methods

Conducting a patient-specific simulation of the cerebral cir-
culation requires an individualization of a general math-
ematical model of hemodynamics [5], based on three-
dimensional governing equations, by clinically available
patient’s data.

Patient-specific mathematical modeling of hemody-
namics

Geometrical model: The individual geometry of a cerebral
artery has a significant influence on distribution of hemody-
namic parameters, especially velocity and wall shear stress
(WSS), and should be taken into account in CFD stud-
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Figure 1: An example of segmented cerebral vasculature
(top) with aneurysm (arrow) and clinical visualization data
(bottom)

ies. To obtain the individual geometry of the artery var-
ious medical imaging techniques could be used, such as
magnetic resonance imaging (MRI) and computed tomog-
raphy (CT), e.g., see fig. 1. A surface, obtained by initial
segmentation of available DICOM data, should be further
post-processed to be used to generate a computational do-
main by smoothing, treating of irregular elements, etc.
Boundary conditions: A patient-specific flow rate curve for
the studied cerebral artery could be measured by Doppler
ultrasound and imposed as an inlet boundary condition. An
outlet pressure curve is often not available and therefore a
free outflow condition could be used for outlets [11].
Blood rheology: The effect of blood rheology on distri-
bution of hemodynamic parameters in cerebral arteries is
comparably less then the effect of individual morphology;
however, a presence of low shear rate zones and vortices in
an aneurysm sac cause non-Newtonian fluid models to be
used to represent blood [5, 12].

Vessel wall: In contrast to a healthy artery wall with a three-
layered structure, an aneurysm wall is generally composed
of only intima and adventitia; media is often damaged.
Such specific internal wall structure, causing an aneurysm
to be less distensible than arteries, as well as limitations of
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in vivo measurement techniques, contribute to using a lin-
ear elastic model of a cerebral artery wall in the proposed
approach.

Compression elastography for evaluation of biome-
chanical properties of the vessel wall

Contrary to a traditional approach assuming a rigid ves-
sel wall, we consider artery as a deformable region tak-
ing into account individual biomechanical properties of the
wall, which are evaluated by the compression elastography
method based on OCT.

To evaluate biomechanical properties of the aneurysm wall
a series of structural OCT images should be obtained for
systolic and diastolic phases. After data filtering, a group
of about one hundred control points are selected for com-
parison of B-scans. For each pair of control points (for sys-
tole and diastole) a displacement is calculated, i.e., local
deformation of the vessel wall under a pulse wave. Thus,
the Young’s modulus E could be estimated as follows:

F,

S A )
where F,, is a normal component of the deforming force F,
which blood exerts on the vessel wall; S is an area under
the force; [ is longitudinal dimension of a deformed region;
Al is an averaged relative longitudinal deformation for lo-
cal regions of the vessel wall. The following considerations
could be taken into account to determine parameter values
for Eq. 1. The force F could be evaluated by the difference
between systolic and diastolic pressures. The length / could
be assumed to be equal to the coherence probing depth,
since it commensurates with an aneurysm wall thickness.
For calculation of Al only normal components of the de-
forming force F should be used.
Using similar considerations the Poisson’s ratio ¢ could be
found as follows:

Ad 1

where d is a transverse dimension of a deformed region
(equals to the scan area size of the OCT system); Ad is an
averaged relative transverse deformation of local regions of
the vessel wall.

A phantom of cerebral artery with similar mechanical prop-
erties as for real intracranial artery was created to validate
the proposed methods. The sculptural clay was used to
make the mold. The phantom had a three-layered inter-
nal wall structure with different mechanical properties. To
adjust the absorbing properties of the phantom structures
a special dye "Evans Blue" (Biochem) was used. For ad-
justing of the scattering properties all layers contained mi-
croparticles of titanium dioxide in different concentrations.

Results

Figure 2 shows structural OCT images of the phantom of
a cerebral artery before and after a deformation. Red and
green areas mark displacements of dark and light regions

c)

Figure 2: Structural OCT images of the cerebral vessel
phantom before (a) and after (b) deformation; deformed
regions are marked by red and green (c). Image size is 2.2
x 1.1 mm

of the OCT image respectively. The displacements were
obtained by comparison of the structural OCT image at the
systolic peak with the corresponding image at the diastolic
end. The obtained average Young’s modulus (1) and Pois-
son’s ratio (2) were 1.03 MPa and 0.495 respectively, which
are in agreement with available clinical data [13].

In the proposed workflow an individual geometry of the
studied cerebral vessel along with individual biomechan-
ical properties of the vessel wall are used for patient-
specific evaluation of hemodynamic parameters in the cere-
bral artery (fig. 3). The main steps of the workflow could
be represented as follows:

(1) Acquiring diagnostic images of patient’s vasculature us-
ing clinical visualization techniques; extraction of individ-
ual geometrical 3D model of the cerebral artery with an
aneurysm.

(2) Reconstruction of structural images of the cerebral
artery wall using endoscopic OCT.

(3) Evaluation of biomechanical properties of the vessel
wall using compression elastography.

(4) Setting up the mathematical models by adjusting mate-
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rial’s coefficients of the vessel wall and imposing patient-
specific boundary conditions.

(5) Transient simulation of preoperative hemodynamics of
the patient.

(6) Evaluation of three-dimensional distribution of veloc-
ity and pressure, computation of WSS and derived parame-
ters (e.g., oscillatory shear index (OSI), time averaged wall
shear stress (TAWSS), etc.).

(7) Analysis of obtained hemodynamic parameters in the
cerebral artery.

Discussion

Information about mechanical properties of the cerebral
artery wall provides physician a valuable support in assess-
ment of various cerebral disorders and further treatment
planning; however, in vivo evaluation of mechanical prop-
erties is challenging due to the limitations of available clin-
ical visualization techniques.

Wittek et al. [14] proposed an approach for identification
of artery material properties using time resolved 3D ultra-
sound. Despite of advances in identification of material
properties of aortic walls, an application of the method for
cerebral arteries is limited by low spatial resolution of an
ultrasound device and visualization problems for structures
within the skull.

Alternatively, in our study we propose using of mini-
mally invasive endoscopic OCT method, providing a suffi-
cient resolution for imaging of internal wall structures, for
evaluation of cerebral artery material properties and fur-
ther patient-specific numerical studies of cerebral circula-
tion. It should be noted that, in vivo evaluation of the de-
forming force F is a complicated task and requires some
workaround. The difference between systolic and diastolic
pressures in the proposed approach could be estimated ei-
ther by numerical simulation of blood flow in the artery
with rigid walls or by direct measurement of blood pressure
using an intravascular pressure sensor, e.g., dual-sensor
guidewire ComboWire XT (Philips, Amsterdam, Nether-
lands). A detailed description of measurement procedure
was reported by Schneiders et al. [15].

The proposed approach has some limitations. First, an
aneurysm size should be at least two times larger than
a diameter of forward-imaging OCT probe, which means
that the approach is applicable only for cerebral aneurysms
larger than 4 mm. Second, a construction of endoscopic
OCT probe should be improved to allow an easy access to
the studied segment of the cerebral circulation. Third, a
cerebral artery wall is considered as a homogeneous ma-
terial, assuming constant thickness, Young’s modulus and
Poisson’s ratio along the vessel wall. Forth, a representa-
tion of a cerebral artery wall by a linear elastic model could
lead to overestimation of vessel deformations during CFD
simulations compared to non-linear models [16].
Presented methods and workflow are the results of ongoing
study and further investigations should be done to address
the listed limitations and prepare the proposed approach to
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Acquiring DICOM clinical
visualization data using MRI or CT

v

Creating a geometrical model of
the cerebral artery from the clinical data

v

Measuring the inlet flow rate

v

Reconstruction of structural images of
the cerebral vessel wall using
endoscopic OCT

Y

Post-processing data of
endoscopic OCT

v

Evaluation of biomechanical properties of
the cerebral artery wall using
compression elastography

Individualization of mathematical models of
hemodynamics and cerebral artery wall

v

Coupling the mathematical model of hemodynamics
with the model of cerebral artery wall

v

CFD simulation of hemodynamics
under patient-specific flow conditions

v

Calculation of main hemodynamics parameters

v

Analysis of preoperative hemodynamics

Figure 3: A workflow for patient-specific modeling of
hemodynamics taking into account individual biomechani-
cal properties of the cerebral artery

be used as a part of standard clinical practice for individu-
alized assessment of cerebral circulation disorders.

Conclusions

The proposed approach takes into account the individual
biomechanical properties of the cerebral artery wall mea-
sured in vivo and has a potential to be used in clinical
practice for improved patient-specific evaluation of hemo-
dynamics in the cerebral artery with an aneurysm.
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Introduction

Immunocytochemical (ICH) study has a great importance
in the evaluation of some predictive and prognostic fac-
tors in breast cancer (BC). The degree of C-erbB-2 onco-
protein expression is important for BC treatment strategy
choice, because C-erbB-2 is a receptor for HER2/neu epi-
dermal growth factor [6]. Overexpression of this oncopro-
tein is a risk factor of BC recurrence. The degree of mem-
brane staining (qualitatively from O till 3+) represents tu-
mor HER?2 status in ICH study.

Now tumor HER? status is evaluated manually by oncol-
ogist, doctor should check about 100-200 images of the
specimen before giving the final assessment. Thus, the
automation of determining tumor HER2 status is an ur-
gent task, because it will allow to free an oncologist from
routine work.

Automatization of tumor HER2 status assessment is di-
vided into 2 subtasks: cells segmentation and automatic
determining the degree of membrane staining. This work
is devoted to the problem of cell segmentation.

For classical methods of computer vision the problem of
cell segmentation is difficult due to the frequent presence
of erythrocytic background and non-cellular elements at
specimen image. In addition, the process of feature engi-
neering for these algorithms is a time consuming and non-
trivial. We propose segmentation algorithm, based on
deep convolutional neural networks (CNN), which are
very popular in image processing [1,5]. Using this ap-
proach, we got better results, than using classical comput-
er vision algorithms.

Materials and Methods
Data

As input data for training algorithm we used biomedical
images, obtained by hardware-software complex "Gra-
nat". Each color image has 1600 pixels at vertical and
1200 pixels at horizontal dimension. We prefer images
with high and medium quality for manual segmentation.
Images with bad quality were filtered from training da-
taset.

Selected images from different patients were manually
segmented by an expert. Thus, for each image in training
dataset we obtain binary image mask with correct result
of cells segmentation. Training set contains about 300
manually segmented images. We use random crops and
random angle rotations for training set augmentation.

30

Baseline segmentation algorithm

As a rule for algorithms comparison we need a simple al-

gorithm, that succesfully solves our segmentation task.

After that we evaluate this algorithm and use these results

as a baseline to construct algorithm with better quality.

Baseline segmentation algorithm has the following steps:
e image normalization;

o adaptive histogram equalization;
e Otsu binarization;

e morphological operations (remove small holes, re-
move small objects, image opening);

e connected components detection.

Neural network approach for cells segmentation

We train deep CNN with U-net like architecture for task
of cells segmentation, because this architecture proved
itself very useful for segmentation problems with limited
amounts of data [4]. In general, the U-Net architecture
consists of an encoder to capture context and a decoder
that enables precise localization (Fig.1).

The contracting path follows the typical architecture of a
CNN with convolution and pooling operations and pro-
gressively downsampled feature maps. Every step in the
expansive path consists of an upsampling of the feature
map followed by a convolution [4]. Hence, the expansive
branch increases the resolution of the output. In order to
localize, upsampled features in the expansive path are
combined with the high-resolution features from the con-
tracting path via skip-connections.

We also employ batch normalization technique to impro-
ve convergence during training. As encoder we use VGG-
11 CNN [5] pretrained at Imagenet dataset [2].

We deploy CNN with this architecture on its own at py-
thon language in Pytorch framework.

This U-net-like CNN was trained during 100 epochs using
stochastic gradient optimization method called “Adam”
[3]. We check training progress at labeled validation da-
taset.
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Figure 1: U-net architecture

Metric

We use Serensen-Dice coefficient as metric. This metric
shows similarity measure between true and predicted
segmentation masks, like Jaccard coefficient.

2 * |True N Pred|

|True| + |Pred|

Dice = (1)
It’s worth noting that typically total cells’ area at image is
far fewer that total background area. The task of CNN is
high accuracy cells' segmentation, not background
segmentation. So, it’s important to note that when we
compute intersection and union in Dice coefficient
formula (1), we take in consideration only masks for cells
only (not total masks for image).

Additionally, we check relative frequencies of true
negative and false positive cells detection. This
information gives us more intuition about algorithm’s
weak points and helps for further improving of
segmentation quality.

Results

The quality of the resulting model was evaluated on vali-
dation data set consisting of 60 images (by 15 images of
each membrane coloring degree).

During results exploration we found that trained CNN
frequently segment small objects as false positive cells.
This problem can be solved by two ways: training set ex-
tension or removing small connected components. Train-
ing set extension requires additional time for manual la-
beling of images by expert. So, we decide to remove con-
nected components that have area less than some empiri-
cally determined threshold. This trick enables to increase
Dice coefficient a little bit (from 0.81 to 0.83 in average
for validation set), because area of false positive cells is
relatively small. But at the same time relative frequency
of false positives decreased from 16.8% to 10.8%.

Final average value of Sorensen—Dice coefficient for neu-
ral network segmentation model at validation set is 0.83 +
0.09. An example of image segmentation by CNN model
is shown in Fig. 2.
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Figure 2: Image segmentation result

Simple baseline segmentation algorithm has 0.68 + 0.16
average Dice coefficient on the validation data set.

Below you can see table with false positive and false neg-
ative rates for baseline and neural segmentation methods
(Table 1).

Table 1: False Positive And False Negative Rates

Object False positive rate |False negative
rate

Baseline 23.8+8.3% 2.7+0.8%

Neural 10.8 +£4.7% 2.5+0.7%

Here we can see that CNN can significantly reduce false
positive cells detection rate. The main reason is that CNN
implicitly learns geometric and color features, which are
specific just for cells.

Cell with complex background near it is another difficult
case for baseline segmentation method. As a rule, it seg-
ments all «thrash» area with cells inside it (Fig.3). In con-
trast, neural segmentation method can distinguish cell
from difficult background around it (Fig.4).

Figure 3: Segmentation result, obtained by baseline algo-
rithm
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Figure 4: Segmentation result, obtained by neural net-
work algorithm

Conclusions

In this paper, we propose a neural network approach for
cells segmentation that solves the problem of tumor
HER?2 status assessment. Our model is based at U-net
CNN with pretrained VGG-11 encoder.

It has been shown that CNN-based model works signifi-
cantly better than classical computer vision segmentation
algorithms, especially on difficult cases of images with
complex background. In case of high quality images
without non-cellular elementrs both kinds of algorithms
work well with similar precision.

The main advantages of CNN-based model are:
o lower false positive cell detection rate;

e more precise cell segmentation at images with
complex background;

e robustness to noise and image artifacts.

The main reason that CNN-based model works better than
classical segmentation algorithm is that neural net impli-
citly learns geometric and color features specific just for
cells. At the same time baseline model operates only with
information at color and intensity levels, and this is not
enough for high-quality segmentation in complex cases.

Thus, implementation of neural network segmentation
algorithm can reduce false positive cell detection rate
from 23.8 % to 10.8 % and improve Dice coefficient from
0.68 to 0.83. Deploying this model into production can
simplify the routine work of oncologist for determining
HER?2 status of breast cancer tumors.
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Introduction

A cardiac pump consists of the implanted module providing
monitoring of a heart rate and the external block providing
processing and visualization of the logged data. One of basic
elements of the external block is the graphic display. Coming
from the sizes of device and quantity of displayed
information, LCD and OLED displays are used as an output
information device.

Presently the digital interfaces of image transferring are used
for the small-size displays. The bit depth of information
transmission depends on the depth of color of the image that
we want to give. In black and white displays each pixel has
from one to eight digits. In color displays it has from eight
(RGB332) to 24 (RGB888) bits [1]. Figure 1 shows the type
structure of graphic display control.

control lines

RGB 2/3/4

LCD/OLED

RO display

1/8/9/16/18/24

Figure 1: Typical connection of graphic displays

In the process of development restrictions and requirements,
such as energy consumption, size, reliability, volume of the
output information, cost etc., are imposed on a device.
According to problem a developer make an optimal decision
about the choice of hardware components. An interface,
which will be used for data transmission, is chosen during
work with graphic displays.

INTERFACES DESCRIPTION

A. Parallel interfaces

1. RGB interface:

Digital RGB interface has three timing signals - DOTCLK
(PIXELCLK), HSYNC and VSYNC with frequencies of one
pixel, line and frame transmission. Figure 2 shows the RGB
transmission timing [2].

1 frame (1 refresh cycle)

Vertical back porch
AI VSYNC ‘ (VBP) ’

— ‘ Vertical front porch }

1row
(expanded)

Horizontal front porch

| HSYNC ‘ Horizontal back l oL

porch (HBP) Columns

DOTCLK

Data

Figure 2: Frame and line timing parameters

To transmit a pixel color the parallel digital data bus is used.
Width of bus is determined by colorize that we want to pass, or
by restrictions of terminals. At the using of RGB interface, a
width of data bus is 24 bits (RGB888). The feature of RGB
interface work is transmission of full image frame. This
method of image display is useful when it is necessary to
change a picture on the screen constantly, for example, in the
video transmission to screen.

2. System parallel interfaces.

For data transmission to a GPU it isn't always required to pass
a full image. It is mostly necessary to change a small area of
image on the screen. For this purpose Motorola and Intel
companies created their own interfaces of graphic images
transfer, which use registers of data transmission control in the
RAM of GPU. The features of such interfaces are work with
registers and delivery of control signal lines. The main
difference between interfaces of Motorola and Intel companies
is in the control signals. For the transmission of different color
depth the different data bus width is used. We shall consider in
detail every interface [3].

Intel 8080: Fig. 3 shows 8080-series bus interface [4]

RD
> (&)
MPU DC

WR

GPU

/ "
/ 18/16/9/8

D[17:0]

Figure 3: 8080-series Bus Interface
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The /WR and /RD signals are for indication writing to register
and reading from register. The DC signal is used for
designation of transmitted word type: command word (log.0)
or data (log.1). The /CS signal is used for selecting chip of
required device. There are timing performances of 8080
interface in the Table 1 [4]. Figure 4 shows the timing
diagram of command/data writing [4].

Table 1: Parallel 8080, 6800 Timing Characteristics

Parameter Min Max Unit
Clock Cycle Time (write cycle) 75 - ns
Clock Cycle Time (read cycle) 450 - ns
Pulse Width CS low (write cycle) 40 - ns

Pulse Width CS high (write cycle) 25 - ns

Data Access Time (READ) 250 - ns

Output Hold time (READ) 100 - ns

Pulse Width CS low (read cycle) 500 - ns

Pulse Width CS high (read cycle) 500 - ns

Rise time - 4 ns

Fall time - 4 ns
® X

cs L |

WR

X

X

Dy~Dy;(WRITE) Valid Data

Figure 4: Parallel 8080-series Interface Timing
Characteristics (write)

Motorola 6800: Fig. 5 shows 6800-series bus interface
[1].

E
S

MPU DC

RW

/ D[17:0]
/ 181698

GPU

Figure 5: 6800-series Bus Interface

Unlike the Intel 8080 this interface is synchronous. For
synchronization the E line, which latch data at the falling
edge, is used. The RW control line is used for designation of
read (log.1) or write (log.0) cycles. The DC signal is used for
designation of transmitted word type: command word (log.0)
or data (log.1). The /CS signal is used for selecting chip of
required device. There are timing performances of Motorola
6800 interface in the Table 1 [4]. Figure 6 shows the timing
diagram of command/data writing [4].
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Dy~Di»(WRITE)

Figure 6: Parallel 6800-series Interface Timing Characteristics
(write)

B. Serial system interface SPI

All considered interfaces had a parallel data bus. During
resource lack the serial SPI interface is used for graphic data
transmission. More often all this interface is used for black and
white displays, which have a 1bpp capacity. There are 4-wire
and 3-wire ways of data transmission by SPI.

4-wire SPI: Four flow lines are used for an information
transfer. The SCLK signal is for data transmission clocking.
The CS signal is used for selecting chip of required device.
The SDI signal is used for data transmission. The SDC signal
is used for designation of transmitted word type: command
word (log.0) or data (log.1). In the process of one command
word or data transmission 8 bits are used. There are timing
performances of 4-wire SPI interface in the Table 2 [4]. Figure
7 shows the timing diagram of command/data writing [4].

Table 2: Serial Timing Characteristics

Parameter Min Max Unit
Clock Cycle Time 75 - ns
Chip Select Setup Time 2 - ns
Chip Select Hold Time 10 - ns
Clock Low Time 38 - ns
Clock High Time 38 - ns
Rise time - 4 ns
Fall time - 4 ns

SDC

SCS

_\i:-
Toce
feuw
SCL
tr =
— —s e
L s

Valid Data

SDI

SCL

S €8 € O CP P ER E

Figure 7: 4-wire Serial Timing Characteristics
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3-wire SPI: Three flow lines are used for an information
transfer. The SCLK signal is for data transmission clocking.
The CS signal is used for selecting chip of required device.
The SDI signal is used for data transmission. In the process of
one command word or data transmission, 9 bits are used, and
also the first bit points to a transmitted word type (command
word or data). Figure 8 shows the timing diagram of
command/data writing [4].

tosw tomw

Valid Data

2O XXX X XXX

Figure 8: 3-wire Serial Timing Characteristics

Comparison of interfaces

Developing a device, it is necessary to understand, what
interface will be optimal for this task. The basically criteria of
interfaces comparison are memory, CPU time, number of
wires and frame rate. There is comparing of interfaces in the
Table 3.

Table 3: Comparison of interfaces
Interface Parallel Parallel SPI 4-
.o RGB :

Criteria 8/9 bpp 16/18 bpp wire
Memory Bad Good Good Good
CPU time Good Bad Bad Very bad
Number of Bad Middle Bad Good
wires
Frame rate Good Good Good Bad

In considering each interface it is possible to select a few
groups of the under development devices where its application
will be optimal. The small-size devices with small output
information scope are in the first group. Using of the internal
MPU SPI unit is typical for such systems. The large-size
devices with big output information scope are in the second

group. Using of the parallel interface with the 16/18-bit data
bus is the best variant for such systems. The small-size devices
with big output information scope are in the third group. Using
of the parallel interface with 8/9-bit data bus is typical for such
systems. It should be taken that video controllers support
transmission of bigger quantity of colors per pixel (16/18 bpp)
in case of the 8/9- bit data bus. For this purpose we do two data
sending instead of one, but we give up MPU time.

The classification given earlier is applicable to displays with
internal video controller. In the absence of the internal GPU
the RGB interface is used.

Conclusions

Comparing interfaces, we can note that everyone has
advantages and disadvantages. When using parallel interfaces
critical parameter is the MPU time. In the presence internal the
MPU DMA unit we can transfer information to the display
practically without using CPU time. The storage area which
the DMA unit will transfer to a video controller is necessary
for using this unit.

On the basis of the conducted research it has been decided to
use for visualization of data of the Cardiac Pump the 8-bit
Parallel Intel 8080 interface and color LCD with a 320x240
pixels screen resolution. Experiments were carried out and the
MPU time was measured with and without using DMA. For
display one-color rectangle at full screen size without using the
DMA unit 15ms of MPU time and 1 byte of a memory were
required. When using DMA ~3us of MPU time and 75 Kbytes
of a memory were required.
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Introduction

Diabetes mellitus type 1 is a metabolic disease character-
ized by chronic increase of blood glucose concentration
(BG) that occurs when pancreas is no longer available to
produce enough amount of insulin. Patients with diabetes
mellitus need continuous control of BG.

One of the most widespread methods for type 1 diabetes
compensation is pump insulin therapy based on the exog-
enous insulin infusion combined with special physical ac-
tivity treatments.

Closed-loop system for BG control may improve efficien-
cy of insulin therapy and, furthermore provides an oppor-
tunity to compensate diabetes mellitus automatically.

Almost all up-to-date commercial BG meters and moni-
toring systems are invasive. A portable noninvasive glu-
cometer development is an important task for modern sci-
ence.

In the paper, we present a closed-loop system for blood
glucose level control on the basis of a noninvasive glu-
cometer, an insulin pump and model predictive control.

Elements and applications

Closed-loop operation is in maintaining BG in physiolog-
ical range and preventing hypo- and hyperglycemia. A
continuous glucose monitor measures BG noninvasively.
An analyzing system is based on model-predictive con-
trol.

An insulin pump (IP) provides precision subcutaneous
insulin infusion and control of an actual infused dose. The
IP experimental embodiment comprises of a control unit,
a mechanical drive based on a micro motor with a reduc-
tion gear system 1:1024, and an infusion system with a
3 ml reservoir. Tab.1 presents main parameters of the de-
veloped pump.

The experimental embodiment of portable non-invasive
glucometer (PNG) comprises of a control unit and an
earlap clip, connected to each other by an opto-electrical
cable. Noninvasive BG measurement is based on absorp-
tion spectroscopy method. Infrared radiation from a laser
diode is transmitted through an earlap and is registered by
a photodiode. Transmitted radiation is analyzed and BG is
calculated. The algorithm for calculating the concentra-
tion is based on the iterative methods.

36

The clip consists of a housing, a transmitter, a receiver
(InGaAs photodiode) and optical elements (lenses, mir-
rors, windows). Infrared radiation goes from the control
unit to the earlap via the optical fiber. Tab.2 presents main
parameters of the developed glucometer.

Table 1: Insulin Pump
Experimental Embodiment Parameters

Parameter Value
Reservoir volume 3 ml (300 u)
Basal insulin discretization 0.025u
Bolus insulin discretization 0.2u (2 ml)
Amount of daily basal profiles 48
Infusion accuracy +2,6%
Energy supply 1 AAA battery
Run time (continuous work time) 3 days
Connection Bluetooth
Control autonomous/

by smartphone

. 3.5"TFT resistive
Indication
touch screen

Table 2: Glucometer Experimental
Embodiment Parameters

Parameter Value
Measurement object earlap
Laser power 30 mW
Time of a single measurement 5 min
Amo'unt'of measurements during 12 mes/h
monitoring

Energy supply 2xICR18650
Run time (continuous work time) >6h
Connection Bluetooth
Control by smartphone
Indication LED

IP and PNG can be controlled by a smartphone connected
to them via Bluetooth interface. Smartphone application
allows user to:

— input data about food intake and calibration data;

— input of personal and physiological data affecting on
BG dynamics;

— create of basal and bolus insulin patterns creation and
launching;

— visualize current BG and its dynamics track;
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—save and show statistics data of the patient by certain
day, week or month;

— signalize on appearance of system messages, warnings
or errors.

In order to organize an effective feedback between IP and
PNG we propose a short-term prediction algorithm [1].
Tasks of the algorithm are the following:

— patient BG prediction;

— calculation of the required bolus insulin dose;

— infusion subsystem or glucometer faults alarms;

— detecting user incorrect information input;

— alarms for hypo- and hyperglycemia;

— correcting the mathematical model parameters;

— detecting wrong BG measure results;

— detecting the need of glucometer to be recalibrated.

The algorithm is based on mathematical model of BG dy-
namics [2, 3]. The model assumes that glucose dynamics
is regulated by insulin, amylin, epinephrine and glucagon
secretion. Ascents of BG are mainly caused by food in-
take as well as glycogenolysis and gluconeogenesis acti-
vated by glucagon and epinephrine. Descents of BG are
caused by glycolisys and glycogenesis activated by insu-
lin and amylin. Thus, the general equation of BG dynam-
ics can be represented as follows:

G=Gy+ Gf(mcarba ¢+ Ggls(vgn > Vepn) +

+ngg (Vgn > Vepn )— Gg/g (Vins >Yam )~ Ggs (Vins >Yam )

(1)

where G is current BG, G is initial BG, m,,,; is meal

cari

carbohydrates mass, ¢ is food glycemic index, Van

Vi.s-Vam are concentrations of glucagon, epineph-

Vepn » am

rine, insulin and amylin.

The closed-loop system comprises of two data sets — the
measured BG from PNG and the predicted BG. The dif-
ference between them determines its further operation.

When a patient enters meal/insulin data or bolus insulin
data is received from the pump, the model and the predic-
tion are recalculated. After the prediction is made, several
intervals are calculated for the current prediction. These
ranges are used to classify the measured value into one of
the following categories: reliable, reasonable reliable and
unreliable. They are taken into consideration for error de-
termination if appeared.

Results

Experimental trials of the closed-loop system were per-
formed using the special test bench [4]; the scheme of the
one is presented in the Fig.1.The test bench allows adjust-
ing necessary glucose concentration in a model solution
circulating in a flowthrough cuvette. Glucose level in-
creasing simulates food intake while decreasing simulates
insulin infusion. Blood-model solution contained glucose,
water and such blood plasma components as albumin,
urea, creatinine etc. A controlled hydraulic system pro-
vides smooth and accurate setting of target concentration
in the cuvette.

Current glucose concentration in the cuvette was meas-
ured by the developed noninvasive glucometer and
HemoCue Glucose 201+ as a reference. For relative error
estimation 20 experiments were performed (36 measure-
ments/experiment with BG in range 75-400 mg/dl, step
5-10 mg/dl). An average error in hyperglycemia is
13,41 %, in normoglycemia is 17,85 %, in hypoglycemia
is 24,89 %. Adequacy of glucose meters is acceptable to
be estimated using Clarke Error Grid Analysis (EGA).
EGA of developed noninvasive glucometer is represented
on the Fig.2. On the X axis are reference measurements;
on the Y axis are developed glucometer measurements.

Glucose
Dispenser

n

Valve

Reservoir

s

¥,

Cuvette

. . PNG clip
) 1 ' Micro
Tank - Stirrer 1 | Pure solution beaker
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Figure 1: The scheme of the test bench for the closed-loop system experimental trails
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Figure 2: EGA of developed glucometer.

95.8% of measurements are in the A- and B-zone,
in C-zone is 1%, in D-zone — 3.1%, in E-zone — 0%

Series of experiments were performed in order to estimate
the accuracy of the developed insulin pump. The amount
of infusing insulin was changed from 0.1 ml to 2 ml, by
0.1 ml once an hour. Actually infused value was estimat-
ed by a micro beaker. As a result, the insulin infusion er-
ror averaged for one hour is 2.6%, while the maximum
error is in the test range of 3.1%.
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The short-term prediction algorithm was designed and
tested in silico using Matlab. The input data sets for the
algorithm were formed using the processed [5] DirecNet
clinical protocols [6]. Two studies were performed: the
accuracy study and the functional one. The functional
study was aimed to test PNG and IP faults, incorrect data,
hypo- and hyperglycemia alarms adequacy. During the
study data from 30 patients was used. It included tracks
for two consecutive days. For each patient, the day 1 track
was used for mathematical model training and the day 2
track - for prediction system tests.

As measured BG in accuracy tests, we use actual patient
track values with 5-25 % normal noise added. The algo-
rithm was tested on every patient with different noise lev-
els. Tests show that the difference between predicted val-
ues and patient BG values was less than 10%. During
functional tests in every BG track, we deleted some data
about food intake or insulin injections. As a result, the
predicted track differed from real and measured ones. The
algorithm analyzed the nature of the discrepancy of tracks
and indicated relevant message. In every test the algo-
rithm detected incorrect/absent data or displayed the nec-
essary timely warnings.

The example of the prediction algorithm operation is pre-
sented in the Fig. 3.

\ | i |
500 1000 1500 2000

I | i \ j
2500 3000 3500 4000 4500

Time, sec

Figure 3: Prediction testing example. Patient BG is unknown for algorithm.
Predicted track is shifted to measured point if the latter is inside the reliable interval (small interval), measurement fre-
quency 1 in 300s. If measured values are aside the reliable zone measurement frequency increased (1 in 60s).
If a divergent trend is detected, the algorithm cautions user.

Conclusions

The closed-loop system for BG level control is aimed to
automate BG maintaining in physiological range with pa-
tient minimal involvement. The key feature of the system
is a model predictive control and noninvasive BG meas-
urements. The developed closed-loop elements (the opti-
cal noninvasive glucometer, the insulin pump and the
model-based prediction algorithm) tests show high effi-
ciency of proposed methods. The prediction algorithm
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detects incorrect data, faults of the glucometer and the
pump. The implemented model predictive control allows
reduction of measurement errors.
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Introduction

End-stage heart failure (HF) is a major cause of mortality,
morbidity and disability worldwide. Nowadays, a surgical
and medical treatment of HF has a positive trend. But
heart transplantation remains an optimal treatment of end-
stage HF. A shortage of donor organs has made this ther-
apy available only for limited number of patients (1). This
problem required a development of ventricular assist de-
vices (VADs) for critically ilium patients. The first devic-
es had large dimension, but by the aid of engineering and
technology developers have the opportunity to reduce the
dimensions of VADs (2, 3). This feature allows the use of
VADs for treatment of patients with small body surface
area. However, the miniaturization of pump components
may lead to a high hemolysis level (4, 5). Thrombus for-
mation remains a serious problem of axial and centrifugal
ventricular assist devices (6-8).

A typical construction of axial VAD consists of a flow
straightener, an inlet bearing, an impeller, an outlet bear-
ing and a diffuser in series, and a stator (9, 10). Mechani-
cal friction between the pump components in such devices
is accompanied by heat generation, which depends on the
pump design (11).

Conversion of electrical energy to thermal energy is in-
herent for any motor under normal operation mode (12).
Heat dissipation occurs due to thermal emissions from
pump housing and heat transmission of blood moving
through a device. Herewith excessive heat generation can
adversely affect the blood hemolysis level and the protein
denaturation increasing the probability of thrombus for-
mation (13). As a result the pump failure probability in-
creases. This problem can be solved only by emergency
surgery with full replacement of implanted VAD (14, 15).
Currently, the influence of thrombosis on a rotary blood
pump heat generation is not fully investigated. Therefore,
in vitro tests were conducted in hydraulic closed loop us-
ing the rotary blood pump of the Sputnik VAD to deter-
mine the nature of heat generation for different conditions
which are typical for implantable systems. Since 2012 the
Sputnik VAD successfully used to replace of left ven-
tricular function for patients with HF. This VAD is the
axial and continuous flow pump.

Materials and Methods

The Sputnik VAD construction is comprised of movable
element (impeller) and stationary elements (flow straight-
ener, diffuser, inlet and outlet bearings). An electrical mo-
tor allows you to rotate the pump at a speed from 5000 to
10000 rpm, providing a flow of up to 10 L/min (16).
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Sputnik VAD produces necessary head pressure-flow rate
(H-Q) curves (17). This blood pump has a length of 82
mm, outside full diameter of 34 mm and weight of 246 g.
Experiments to compare the influence of thrombus for-
mation on the VAD heat generation was carried out under
following conditions: non-thrombosis, inlet (flow
straightener) thrombosis, outlet (diffuser) thrombosis. The
platinum-based silicone Ecoflex 00-10 (Smooth-On,
USA) was used as a material for simulation of thrombus
formation. For thrombus formation manufacture silicone
components A and B was mixing in equal amounts.
Degasing of resulting compound was conducted in vacu-
um chamber during 10 minutes. Further the silicone was
applied on inner surface of flow straightener and diffuser.
By hot air gun at 200 °C silicone instantly fixed. After
complete polymerization the Ecoflex silicone is a very
soft, durable and stretchable material without tacky sur-
face. Thrombus with a volume of 0.5 cc was used in tests.
Figure 1 shows an artificial clot in the diffuser (A, B) and
flow straightener (C, D) before and after the tests. In total
27 hours of tests were performed for each thrombus for-
mation.

Figure 1: Image of the diffuser (A, B) and flow straight-
ener (C, D) thrombosis at the beginning (A, C) and at the
end of all tests (B, D).

The experiments were conducted on a special test bench,
which consists of a hydraulic loop, temperature measuring
and recording devices (infrared camera and thermocouple
unit) and control units including pump controller, power
source and personal computer. The pump body during the
tests was placed inside a viscoelastic silicone cover with a
volume of 1400 cc, which properties are similar to the
soft tissues properties (18). Pump location inside the cov-
er limits the heat dissipation into environment during the
tests.
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Temperature change of the Sputnik VAD body surface
was measured by thermocouple-thermometer TPI 343
(TPI, USA). The data was recorded every 2 minutes.
Temperature sensors were fixed tightly for more accurate
recording of the pump surface temperature: one sensor —
on the pump body at the stator location, and another sen-
sor — at the pump outlet. This location of sensors allowed
recording the heat emission level during stator operation
and the temperature change at the pump outlet.

As an additional device for temperature change measure-
ment a thermal imaging camera THT-47 (HT Italia, Italy)
was used. This infrared camera is designed for rapid de-
tection of heat map emitted by the test unit. THT Link
software was used to analyze the obtained data.

Different test fluids were used to analyze viscosity influ-
ence on the pump heating. On the initial test stage dis-
tilled water with dynamic viscosity of 0.00085 Pa-s at 23
°C was taken. Aqueous glycerol solution (dynamic vis-
cosity of 0.003 Pa's at 23 °C) was used as fluid with
blood viscosity. The test fluid volume in hydraulic loop
was 6150 cc. On the second test stage test fluid was heat-
ed up to 37 °C during 90 minutes in a special bath by a
heat regulator. Constant bath temperature was maintained
for the duration of the experiment. Aqueous glycerol solu-
tion with dynamic viscosity of 0.006 Pa-s at 23 °C was
used. It is noted that viscosity of fluid being heated de-
creases. Thus, aqueous glycerol solution with dynamic
viscosity of 0.006 Pa-s at 23 °C after heating to 37 °C has
viscosity equal to blood viscosity (19).

The experiments by test bench were carried out for each
system configuration separately. Differences consist in
four parameters: the pump speed (5000, 7000 and 9000
rpm), the viscosity of test fluid (distilled water or aqueous
glycerol solution), the presence or absence thrombosis
and its location and the test fluid temperature (room tem-
perature — 23 °C or body temperature — 37°C). When us-
ing the aqueous glycerol solution with dynamic viscosity
of 0.003 Pa's at 23 °C, diffuser thrombosis and test fluid
heating to body temperature the system configuration is
«blood viscosity, outlet thrombosis, 37 °C».

Results

Experiments without heating the test fluid

The thermal map of the Sputnik VAD surface was ob-
tained by infrared camera with aqueous glycerol solution
with dynamic viscosity of 0.003 Pas as test fluid, pump
reference speed of 5000 rpm and non-thrombosis (Fig.
2A). Figure shows areas with high temperature corre-
sponding to the stator area. Also the output bearing was
slightly heated in compare to the input bearing. There was
no zone of excessive heat generation at the flow straight-
ener area. Heat map of the pump surface is shown in Fig-
ure 2B for the pump inlet thrombosis case. The maximum
temperature of the pump surface was located in the area
between the inlet bearing and stator and amounted to 25.8
°C. In this case the heat emission level at the pump inlet is
higher compared to the pump outlet. This pattern is

caused by thrombus location on the flow straightener. It
should be noted the difference of the pump surface heat
map in absence and presence of thrombus formation: hot
spots in Figure 2A are shifted to the left (the pump inlet),
whereas hot spots in Figure 2B are located at the pump
center. Heat map obtained in the experiments with diffus-
er thrombosis is shown in Figure 2C. The minimum tem-
perature of the pump surface was 24.1 °C, maximum
temperature was achieved at the diffuser area and equal to
29.1 °C. In addition, there is a driveline cable connection
in this pump body area, which emits a small amount of
heat during pump operation.

270
Temperature [°C] T [C]

Figure 2: Thermal map of the Sputnik VAD surface at
speed of 5000 rpm, using test fluid with blood viscosity
and different thrombus clamping; where A — non-
thrombosis, B — inlet thrombosis, C — outlet thrombosis.

For the same system configuration a temperature increase
at the stator area surface and at the pump outlet measured
using thermocouple sensors was equal to 0.7 °C for non-
thrombosis, 1.2 °C for the inlet thrombosis and 1 °C for
the outlet thrombosis. Consequently, for 5000 rpm the in-
fluence of the stator thermal energy to the total pump heat
generation is minimized. Temperature change curves in-
crease gradually, without spikes during 50 minutes, and
then curves change to linearity range with a constant tem-
perature value.

The temperature distribution obtained along the pump ax-
is for reference speed of 9000 rpm is shown in Figure 3.
For clarity the location of main pump components relative
to coordinate origin is shown by vertical lines and num-
bers. Nature of the distribution is similar to the same data
at the pump speed of 5000 and 7000 rpm. The differences
are in maximum and average temperature values. For
non-thrombosis case measured maximum temperature
value of 26.7 °C is in the stator area. Conversion of stator
electrical energy to thermal energy had a major influence
on the total heat map of the pump. For inlet thrombosis
case maximum temperature value was located in the area
between the inlet bearing and stator, moreover character-
istic temperature rise is observed before the thrombus,
which is accompanied by a further sharp drop of meas-
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ured temperature value. For outlet thrombosis case maxi-
mum temperature value of 27.9 °C was located in the
thrombosis area. The temperature average at 9000 rpm for
non-thrombosis system configuration was 24.4 °C, for
inlet thrombosis — 24.6 °C and for outlet thrombosis —
24.5 °C.

Temperature [°C]
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Figure 3: Temperature distribution along the pump axis
for 9000 rpm, using test fluid with blood viscosity and
different thrombus clamping; where 1-2 — flow straight-
ener zone, 2-5 — impeller zone, 3-4 — motor zone,

5-6 — diffuser zone.

Curves obtained by thermocouple at 9000 rpm have dif-
ferent shape: temperature change curves of the stator area
at the test start are compact and linearly increases with
time, but the outlet temperature curves have a sharp dis-
continuity of temperature at the test start. At the reference
pump speed of 9000 rpm maximum outlet temperature
was higher than the stator temperature. Therefore, test flu-
id temperature was higher than the stator area surface
temperature. As a result, electric stator energy is convert-
ed to thermal energy and contributes to heating of the test
fluid.

Experiments with heating the test fluid

To determine the pump heat generation nature at human
body temperature the test fluid was heated to 37 °C. After
changing a single parameter of system configuration each
subsequent experiment was started only after test fluid
and pump body cooling to room temperature followed by
heating to 37 °C. The pump outlet temperature change
obtained by thermocouple is shown in Figure 4. The min-
imal temperature increase was 1.6 °C for «distilled water,
outlet thrombosis, room temperature» configuration, max-
imum temperature increase was 5.1 °C for «blood viscosi-
ty, non-thrombosis, room temperature» configuration.
Temperature increase is typical for all curves in the first
40-50 minutes of testing, further growth was slowing
down and curves moved to flat area with a constant tem-
perature spans.
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Figure 4: Temperature change curves at the pump outlet
for different system configuration at
the pump speed of 7000 rpm.

Temperature distribution curves for various reference
speeds and thrombus presence at the inlet part of the
pump are shown in Figure 5. The curves have a similar
structure: temperature decreases first and then increases,
reaching a maximum value in zone 1-2; in the stator area
there is a decline up to diffuser reaching a minimum val-
ue; in zones 5-6 curves sharply increase and converge on
the same parallel at 80 mm point; outlet temperature falls
again. By reference to previously results it can be inferred
that zone with maximum temperature includes a thrombus
formation.
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Figure 5: Temperature distribution along the pump axis
for inlet thrombosis, using test fluid with blood viscosity
and at different pump speeds; where 1-2 — flow straight-
ener zone, 2-5 — impeller zone, 3-4 — motor zone,
5-6 — diffuser zone.

Conclusion and discussion

To determine relationship between the Sputnik VAD
thrombosis and the pump heat generation numerous and
continuous tests were conducted at in vitro bench. Tem-
perature of the pump surface was increased in all trials
regardless of reference pump speed, test fluid viscosity or
thrombosis presence. At 5000 rpm conversion of stator
electric energy to thermal energy provides the main con-
tribution to the total pump heat emission. Whereas at
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7000 and 9000 rpm pump surface temperature value de-
pends more on pump rotational speed and test fluid vis-
cosity. Results obtained at room temperature with great
probability allow determining the presence and location
of thrombosis. Pump surface areas with high temperature
corresponded to thrombus presence in this pump part.
When the test fluid is heated up to human body tempera-
ture, identification of thrombus formation by visual analy-
sis of heat map is complicated. This problem is associated
with excessive test fluid heating and, therefore, elastic
tubes surface heating. Temperature distribution curves
along the pump axis were constructed to solve this task.
Sites of pump, in which maximum temperature was
measured, corresponds to thrombosis areas.

Data obtained on the laboratory bench gives an insight
into the nature of released pump heat. However, a living
organism is a very complex structure with many nuances.
Therefore, understanding of human body heat transfer
will allow developing a precise experimental model that
will make possible obtaining accurate data of interaction
with VAD. Most likely the overall blood temperature of
the human organism does not increase during the VAD
operation. But short-term or localized heat emission in-
side the pump with blood moving through it may cause
thrombosis. In this case temperature value is the most im-
portant parameter. There is an increase of hemolysis rate
consequently resulting to thrombus formation and poten-
tial death of patient already at the temperature of 40 °C
(20). In spite of numerous studies on pump thrombosis
detection (21), main causes and possible solutions (21),
this problem remains important in the development of
ventricular assist devices. Furthermore, study of the
thrombosis problem is extremely important in implanta-
tion of tissue engineering structures based on carbon
nanotubes in the area of defects in heart tissues and blood
vessels.

Understanding of the pump heat generation will allow
improving the design of axial and centrifugal VADs and
reducing the probability of thrombosis.

References

[1] Y. Ohashi, A. Andrade and Y. Nose. Hemolysis in an elec-
tromechanical driven pulsatile total artificial heart. Artif Or-
gans,27(12):1089-1093, 2003.

[2] A. Cheung, K. Chorpenning and et al. Design concepts and
preclinical results of a miniaturized HeartWare platform:
The MVAD System. Innovations (Phila), 10(3):151-6, 2015.

[3] I. Adachi, S. Burki, F. Zafar and D.L. Morales. Pediatric
ventricular assist devices. J Thorac Dis, 7(12): 21942202,
2015.

[4] J. Garbade, H.B. Bittner, S. Lehmann, F.W. Mohr and M.J.
Barten. Miniaturization of left ventricular assist devices: the
ongoing trend. Expert Rev Med Devices, 9(1):49-58, 2012.

[5] T. Takano, S. Schulte-Eistrup and et al. Impeller inner di-
ameter in a miniaturized centrifugal blood pump. Artif Or-
gans, 26(1):67-71, 2002.

[6] V. Tchantchaleishvili, F. Sagebin, R.E. Ross, W. Hallinan,
K.Q. Schwarz and H.T. Massey. Evaluation and treatment of

pump thrombosis and hemolysis. Ann Cardiothorac Surg,
3(5):490-495, 2014.

[7] D.J. Goldstein, R. John and et al. Algorithm for the diagno-
sis and management of suspected pump thrombus. J Heart
Lung Transplant, 32(7):667-70, 2013.

[8] J.K. Kirklin, D.C. Naftel and et al. Pump thrombosis in the
Thoratec HeartMate II device: an update analysis of the IN-
TERMACS Registry. J Heart Lung Transplant, 34:1515-26,
2015.

[9] F.H. Sheikh and S.D. Russell. HeartMate II continuous-flow
left ventricular assist system. Expert Rev Med Devices,
8(1):11-21,2011.

[10] M.P. Macris, S.M. Parnis, O.H. Frazier, J.M. Fuqua Jr and
R.K. Jarvik. Development of an implantable ventricular as-
sist system. Ann Thorac Surg, 63(2):367-70, 1997.

[11] T. Kink and H. Reul. Concept for a new hydrodynamic
blood bearing for miniature blood pumps. Artif Organs,
28(10):916-20, 2004.

[12] L. Chen, Y. Pei, F. Chai and S. Cheng. Investigation of a
novel mechanical to thermal energy converter based on the
inverse problem of electric machines. Energies, 9(7):1-19,
2016.

[13] K. Araki, Y. Taenaka and et al. Hemolysis and heat genera-
tion in six different types of centrifugal blood pumps. Artif
Organs, 19(9):928-32, 1995.

[14] J.K. Kirklin, D.C. Naftel and R.L. Kormos. The fourth IN-
TERMACS annual report: 4,000 implants and counting. J
Heart Lung Transplant, 31:117-126, 2012.

[15] M.S. Slaughter, J.G. Rogers and et al. HeartMate II Investi-
gators: Advanced heart failure treated with continuous-flow
left ventricular assist device. N Engl J Med, 361:2241-2251,
2009.

[16] S.V. Selishchev and D.V. Telyshev. Ventricular Assist De-
vice Sputnik: Description, technical features and characteris-
tics. Trends Biomater Artif Organs, 29(3):207-210, 2015.

[17] S.V. Selishchev and D.V. Telyshev. Optimisation of the
Sputnik-VAD design. Int J Artif Organs, 39(8):407-414,
2016.

[18] T.K. Yasar, T.J. Royston and R.L. Magin. Wideband MR
elastography for viscoelasticity model identification. Magn
Reson Med, 70(2): 479-489, 2013.

[19] J.B. Segur and H.E. Oberstar. Viscosity of glycerol and its
aqueous solutions. Ind Eng Chem, 43(9):2117-2120, 1951.

[20] N.L. Gershfeld and M. Murayama. Thermal instability of
red blood cell membrane bilayers: temperature dependence
of hemolysis. ] Membr Biol, 101:67-72, 1988.

[21] F. Kaufmann and T. Krabatsch. Using medical imaging for
the detection of adverse events ("incidents") during the utili-
zation of left ventricular assist devices in adult patients with
advanced heart failure. Expert Rev Med Devices, 13(5):463-
74, 2016.

[22] A. Blitz. Pump thrombosis - a riddle wrapped in a mystery
inside an enigma. Ann Cardiothorac Surg, 3(5):450-471,
2014.

Acknowledgements

This work is sponsored by the Ministry of Education and
Science of the Russian Federation (Agreement
14.578.21.0234 RFMEFI57817X0234).

43



Proceedings of the Russian German Conferencee
on Biomedical Engineering

Surgery in the year 2030: Surgery 4.0?
H. Feussner, D. Wilhelm

Department of Surgery, Klinikum rechts der Isar, Technical University Munich, Germany

Contact: hubertus.feussner@tum.de

Introduction

Future developments in surgery are not only interesting
for surgeons but also an issue for biomedical engineers and
computer scientists in order to focus their own work and
energy to areas which most probably become relevant. Sur-
gery of the next decade may be described best by the key-
word “surgery 4.0”.

The term and its meaning are as yet even unfamiliar to
most surgeons and most probably even less known by en-
gineers. We coined it in 2016 [FeuBBner 2016] to describe a
vital development in surgery, which could conceivably be-
come as disruptive in interventional medicine as the current
trend toward economic and industrial digitalization. To
make the parallels and contrasts more evident, a reflection
on the Fourth Industrial Revolution is helpful.

The global economy is assumed to move forward to the
Fourth Industrial Revolution. Commonly, the mechaniza-
tion of production using water and steam power is consid-
ered to have driven the First Industrial Revolution. The
next “revolutionary” impact on industrial productivity
came from mass production facilitated by the availability
of electrical energy and improved workflow organization
(assembly line, etc.). This was followed by the Third In-
dustrial Revolution, which is characterized by the use of
information technology (IT) and robots to automate pro-
duction.

Today, a systematic transformation of industrial produc-
tion is under way, which can be grossly defined as the com-
prehensive computerization of manufacturing.

The vision is some type of self-organizing or autonomous
production: the factory with its production lines “under-
stands” what has to be produced and autonomously carries
out all necessary steps and adjustments. This strategy, orig-
inally propagated by the German Government as the Indus-
try 4.0 initiative, is evidenced in the customization of prod-
ucts under the condition of highly flexibilized production.
This highly automated technology is enabled by the intro-
duction of methods of self-optimization, self-configura-
tion, self-diagnosis, cognition and intelligent support of the
few human beings who are still required to master this
complex process. The main pillars are as follows:

1. Interoperability: The ability of machines, devices,
sensors, and people to connect and communicate
with each other via the Internet of Things (IoT) or
the Internet of People (IoP).

2. Information transparency: The ability of infor-
mation systems to create a virtual copy of a phys-
ical world by digital models with sensor data. The
very dense net of information is available for all
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stakeholders. A huge amount of raw data have to
be collected and interpreted in a higher context.

3. Technical assistance: Decision-making has to be
facilitated by preparing all necessary information.
Humans have to decide all necessary precondi-
tions (information) that have already been pro-
vided.

4. Decentralized decisions: The ability of lower-
level systems to make decisions on their own and
to perform their tasks as autonomously as possi-
ble. Only in the case of exceptions and/or conflict-
ing goals are tasks to be escalated to a higher
level.

Autonomous decision-making by mechatronic support
devices is the real disruptive element of Industry 4.0. Hu-
mans will need to be confident that machines are able to
act and react reasonably, reliably, and as fast and as safely
as a human worker.

There are, however, some necessary preconditions for
this vision to become reality.

1. The IoT must support direct communication or di-
alogue with the technical equipment. If one device
alters its functionality, the whole technical envi-
ronment is informed.

2. Data/information must be provided wherever it is
needed in real-time and by a high-quality, reliable
service (5G telecommunication).

Surgery and the 4.0 development

What then has all this to do with surgery? Some context
in the form of a brief review of modern surgical history
may be helpful.

The beginning of scientific surgery dates back about 150
years. Retrospectively, this comparatively short period of
time can be subdivided into three different eras. In the be-
ginning, surgeons learned to master the specific challenges
of the different anatomical regions — beginning with the ab-
domen and ending with the brain. In the next phase, surgery
was not any longer confined to resection/amputation, but
the focus was now laid on substituting deficits. Destroyed
joints were replaced by artificial implants, and functional
reservoirs were developed to accommodate for the roles of
the stomach or rectum, for example, after their resection.
The ultimate highlight of the era was the transplantation of
whole organs (the heart, liver, kidneys, etc.).

The trend today is to further minimize the surgical trauma
— collateral damage to other organs, functional impairment,
and pain due to the operative intervention. This third era of
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surgery started with the introduction of laparoscopic sur-
gery. Laparoscopy was, however, only the beginning of a
broad development in many medical disciplines toward
minimally invasive therapy.

We are now arguably on the threshold of a new era. This
does not mean that further advances in reconstruction
(phase II) or trauma reduction (phase III) should no longer
be pursued, but the innovative impact comes now from an-
other discipline: information/digitalization.

Although surgery is often considered a manual or tech-
nical discipline, it will not remain unaffected by the general
trend toward the information age development.

On the contrary, surgery in the information age is more or
less a synonym of “surgery 4.0”. Surgery will soon adapt
new technologies and methodologies, such as the IoT, pro-
cess modeling, cooperative learning machines, and new ap-
proaches to the generation of knowledge that will affect
surgery — all with the aim to improve the quality, effi-
ciency, and outcomes of surgical care. Surgery 4.0 might
be the chance to master the difficult situation surgery is
currently in.

Surgery is forced to maximize quality and value of surgi-
cal in a highly competitive environment. Surgery 4.0 or
“information-based surgery” might be the best chance to
respond to these needs. Some practical aspects of “surgery
4.0” are delineated.

The fully integrated, “cognitive” OR workplace

Today, the surgical OR is a workplace comprehending the
OR table, the surgical lamps and a plethora or peripheral
devices working completely independent of each other.
The OR of the future will be a highly integrated environ-
ment of smart intraoperative assistance systems collaborat-
ing with each other via the IoT.

Model-based surgery

A fully integrated OR, however, is only conceivable if the
surgical activities — the workflow — is known and can be
“understood” by the system. The precondition is a model-
ling of the surgical workflow.

A “surgical model” is an evidence-based, detailed plan of
a particular surgical intervention with a clear description of
the workflow from skin incision to closure. It not only in-
cludes the normal course of an operation but considers po-
tential modifications and deviations as well. To create “sur-
gical models” either bottom-up or top-down approaches
may be considered [Neumuth 2017]. Modern IT methodol-
ogies such as machine learning will become extremely
helpful to establish “model-based surgery”. However, even
the most advanced computer technology cannot substitute
for surgical expertise — an urgent challenge for the surgical
community to engage and scientifically collaborate in the
development of Surgery 4.0.

Knowledge extraction
Since the preoperative diagnostic workup and the whole
treatment as well as the postoperative care will be meti-

cously documented in each individual case, these easily ac-
cessible data will become very valuable for gaining new
insights retro- or prospectively (data mining). For surgical
decision making, hundreds or thousands of similar cases
can easily be identified as a fundament of evidence-based
treatment.

The key: Surgical Data Science

As shown above, the future transformation in surgical
care will be driven by data/information. The key elements
on the path toward evidence-based surgery are new tools to
measure, model, and quantify surgical processes including
intraoperative decision-making and knowledge extraction.
An intelligent collaboration between care providers and de-
vices/technologies will be enabled. A new scientific do-
main is, thus, gradually emerging: Surgical Data Science.
It is defined as follows: “Surgical Data Science is an
emerging scientific field with the objective of improving
the quality of interventional healthcare and its value
through capturing, organization, analysis, and modeling of
data. It encompasses all clinical disciplines in which pa-
tient care requires intervention to manipulate anatomical
structures with a diagnostic, prognostic, or therapeutic
goal, such as surgery, interventional radiology, radiother-
apy, and interventional gastroenterology. Data may pertain
to any part of the patient care process (from initial presen-
tation to long-term outcomes), may concern the patient,
caregivers, and/or technology used to deliver care, and is
analyzed in the context of generic domain-specific
knowledge derived from existing evidence, clinical guide-
lines, current practice patterns, caregiver experience, and
patient preferences. Data may be obtained through medical
records, imaging, medical devices or sensors that may ei-
ther be positioned on patients or caregivers or integrated
into the instruments and technology used to deliver care.
Improvement may result from understanding processes and
strategies, predicting events and clinical outcome, assisting
physicians in decision-making and planning execution, op-
timizing ergonomics of systems, controlling devices be-
fore, during and after treatment as well as from advances
in prevention, training, simulation and assessment. Surgi-
cal Data Science builds on principles and methods from
other data-intensive disciplines such as computer science,
engineering, information theory, statistics, mathematics,
and epidemiology, and complements other information-en-
abled technologies such as surgical robotics, smart operat-
ing rooms, and electronic patient records.” [Maier-Hein
2017] It also includes a significant impact on surgical edu-
cation and training. Surgical Data Science (SDS) not only
enables objective computer-aided skill evaluation but also
automated coaching.

Discussion

Surgery of the next decades will certainly gain a new pro-
file due to the vast use of information. Self-evidently sur-
gery 4.0 is not only confined to a more or less abstract uti-
lization of information but will also have a massive impact

45



Proceedings of the Russian German Conference
on Biomedical Engineering

upon the use of a new hardware: Intelligent, cognitive sur-
gical assistance systems (“robots”) will reduce the surgical
workload by (semi-) autonomous manipulations like cam-
era navigation or suturing. Integrated, precisely navigated
percutaneous or endoscopic puncture probes could replace
conventional surgical cancer resection by local ablation.
Based upon an “intelligent” OR environment even com-
pletely new surgical approaches like combined laparo-
scopic/endovascular interventions are becoming conceiva-
ble. From the surgical viewpoint, these options would be
highly attractive, but this also means that technology will
play an increasing role in modern surgery. Simply accept-
ing this fact is not enough what surgeons can do. They are
even summoned up to contribute actively to technical pro-
gress by identifying currently existing deficits, by careful
evaluation and improvement of prototypes and generally
by providing their domain knowledge. Hopefully, this will
lead to a new “culture of cooperation” between basic sci-
entists, computer scientists, engineers and clinically active
surgeons.

Conclusions

Surgery 4.0 does not mean that robots will perform surgery
on their own in the future. This can neither be the vision of
surgeons nor would it be accepted by the majority of pa-
tients in societies with a highly developed healthcare sys-
tem, as one very recent study [Arnold 2017] has shown.
However, artificial intelligence, robotics, model-based sur-
gery, and many additional principles of Surgery 4.0 will
certainly help to make surgery more evidence-based, safer,
and easier, all with the goal of a better outcome and expe-
rience for the patient.
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Introduction

The provision of veterinary dental care is becoming an
increasingly urgent task, for example, in dog breeding.
So, for a thoroughbred exhibition animal, the loss of even
one tooth can lead to the termination of a career.

In medicine in the vast majority of cases, diagnosis of the
maxillofacial department is carried out with the help of
specialized X-ray devices: traditional dental units, or-
thopantomographs and cone-ray tomographs [1]. Tradi-
tional dental devices (radioviographs) are designed to
produce images of individual teeth or jaw areas, orthopan-
tomographs for two-dimensional, and cone-ray tomo-
graphs for three-dimensional images of the full dentition
of both jaws, including adjacent anatomical structures.

For a number of reasons - differences in the anatomy and
physiology of the maxillofacial department of man and
dog, as well as the language barrier, these devices cannot
be directly used in veterinary dentistry. The flexibility and
mobility of the fingers, paws, neck, and back of the dog
are fundamentally lower than that of the corresponding
human organs. The dog cannot fix the detector of the X-
ray image with a finger or sit motionlessly in the chair of
the cone-ray tomograph for a long time. The dog also
cannot understand and fulfill the specific requirements of
the X-ray assistant during the X-ray shooting.

Obviously, to solve the problems of diagnosis of veteri-
nary dentistry in full, it is necessary to develop the appro-
priate technology.

Materials and Methods

At the present time for diagnostics in veterinary stoma-
tology is used:
- sighting (traditional) dental units for taking pictures of
individual teeth or jaw areas on an X-ray detector measur-
ing 30 x 40 mm, which is placed in the oral cavity of the
animal (Fig. 1)

Figure 1. Examples of obtained images using standard
sighting dental devices.

- stationary X-ray apparatus for obtaining images of the
entire head of the animal on an X-ray detector of 240 x
300 mm or more (Fig. 2, 3).

Figure 2. Scheme of shooting using powerful stationary
X-ray apparatus.

Figure 3. Example of obtained images using powerful
stationary X-ray apparatus.

The main disadvantages in the first case.

The size of the image detector does not allow:

- get a complete picture of even one tooth of a large dog;

- placement the image detector in the oral cavity of a
small dog.

The probability of damage to the image detector by a
dog of any size is great.

The main disadvantages in the second case:

- on the picture of the dog's head, images of all the teeth,
bones of the skull and soft tissues are superimposed on
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each other. This greatly complicates the description of the
picture and the diagnosis

- the additional dosage for the animal and personnel.

At the beginning of the 21st century in Russia was of-
fered a technique of Microfocus X-ray radiography. Un-
like the currently known methods, this method allows to
obtain:

- sighting images of individual teeth or jaw areas;

- panoramic images of the full dentition of both jaws, in-
cluding adjacent anatomical structures [2].

To implement the technique, an X-ray tube with a hol-
low outside anode and a massive target 0.01BD57-90
(Fig. 4) was developed [3]. The length of the anode pipe
is 120 mm, diameter 12 mm, and material - aluminum.
The tube generates a panoramic X-ray beam with a solu-
tion angle of 135 x 360 °. The direction of the radiation
output is opposite to the direction of motion of the elec-
trons in the accelerating gap of the cathode-anode (tube
target). On its basis, the sighting-panoramic dental X-ray
apparatus PARDUS-02 was also developed [4].

Figure 4. 3D drawing of the X-ray tube with a hollow
outside anode and a massive target 0.01BD57-90.

Results

Studies conducted based on the city veterinary clinic Nel
of St. Petersburg showed that the sighting device of the
PARDUS family in portable design can be successfully
used in veterinary dentistry for the direct dental studies. In
the course of the tests, specialists highly appreciated the
quality of the obtained X-ray images (Fig. 5), as well as
the prospects for the development of a sight-panoramic
technique for performing X-ray studies in veterinary med-
icine.

Figure 5. Dental pictures, obtained with portable X-ray
device of the family "PARDUS".
48

A fundamental difference between the technique of pano-
ramic X-ray radiography in veterinary medicine, in con-
trast to the standard methods, is the location of the anode
of the X-ray tube directly inside the oral cavity of the an-
imal. The X-ray generated by the tube passes through the
teeth, jawbones, soft tissues and get to the X-ray detector,
which is located outside the head of the dog opposite the
diagnosed area (Fig. 6). In the course of further planned
studies, the methods of installation will be tested, the
shooting regimes will be improved, the dose of irradiation
of the animal and the X-ray assistant will be estimated.

Figure 6. Scheme of the intraoral panoramic X-ray sur-
vey in veterinary medicine.

The main advantages of the method of the intraoral sur-
vey in veterinary medicine:

- small diameter and long length of the anode pipe allow
placing the target of the X-ray tube anywhere in the oral
cavity of an animal of any size;

- the reverse panoramic direction of X-ray radiation ex-
cludes the imposition of teeth belonging to different
branches of the jaws;

- high informativeness of the images is provided by a
small focal spot at an extremely low current tube (0.1
mA) and, accordingly, very low the exposure dose;

- the source of X-ray radiation is located inside the
mouth, so the intensity of unused radiation is fundamen-
tally lower due to absorption of the tissues of the head;

- ensured safe conditions for the X-ray assistant when
shooting "from the hand" without the use of a traditional
tripod;

- shooting "from the hand" greatly facilitates the laying of
the animal and improves the efficiency of the diagnosis,
primarily in non-specialized and non-stationary condi-
tions.

Conclusions

As a result of a complex of design, technological and clin-
ical research, a new technology for performing X-ray di-
agnostics in veterinary dentistry was proposed. The tech-
nology includes the method of the sight-panoramic survey
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of the maxillofacial department of the animal and a set of
digital technical means for its implementation. Conducted
tests have shown expediency of carrying out of the further
practical development in the field an X-ray survey of the
maxillofacial department of the animals.
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Introduction

The usage of X-ray radiation in modern neonatology
makes a significant contribution to the quality of medical
care for newborns with pathologies. High-quality image
of the baby allows to quickly diagnose the problem or to
prevent future possible complications.

The method of contact diagnostics (see fig.1) gives satis-
factory results, however, to obtain informative images
should take into account the following restrictions:

1. A large distance between the radiation source and the
object of study. This condition is dictated by the need to
distance the radiation source to reduce the blurring of the
edges. It is necessary to use sufficiently powerful sources
to work around the dynamic range of the receiver (which
leads to the maximum contrast of the image). Increased
tube current causes an increase of the focal spot. Its size
directly affects the degree of outer edges blur on the im-
age, which is unacceptable in the case of medical diagno-
sis. Compensation for this phenomenon is increasing the
distance between source and receiver. This can lead to
unwanted additional exposure of medical staff and others

patients.

Object  Receiver

Source

Figure 1: Contact X-ray diagnostics of newborns

2. High resolution X-ray detector. Upon contact of an ob-
ject and a radiation receiver, the image quality depends on
resolution of the receiver. However, increasing resolution
naturally reduces sensitivity of pixels (by reducing their
geometry sizes). This eventually leads to the necessity of
increasing power of the radiation source.

3. High power X-ray radiation. Increased distance source-
object and high resolution of the receiver lead to signifi-
cant increase in power of X-ray diagnostic machine. Tra-
ditionally, the radiological diagnosis in neonatology and
pediatrics using radiation sources with power up to 5 kW,
which is directly related to their size and weight. From the
point of view of stationary use it's not a big deal. Howev-
er, for portable options, which work in conditions of con-
stant transportation, this factor is essential.

Thus, of use of X-ray machines in non-specialized condi-
tions, for example when you need to do diagnostic imme-
diately after the procedure of childbirth is in the room of
the maternity ward, the use of classical X-ray machines,
described above, is not optimal. The basic idea, which is
based on an alternative approach to the diagnosis of new-
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borns is the use of smaller power sources with reduced
size of the focal spot of the radiation source. The decrease
in its value up to 0.3 mm or below will allow to diagnose
newborns under appropriate conditions with scaling
method (see fig. 2). Decrease focal spot is achieved with a
small current of the tube and using additional focusing
electrodes. The lack of dose is compensated by minor (20
— 30%) increasing of operating voltage and decreasing of
shooting distance. As a result, while maintaining the qual-
ity of the image this approach provides the following ben-
efits:

e Resolution of the receiver can be reduced. This leads
to the best sensitivity.

e Source-object distance is reduced, which minimizes
exposure of staff and others, and also reduces re-
quirements on the output power.

e Relatively low power (360 — 500 W) of radiation
source reduces weight and size of the device, which
greatly simplifies its use in unsteady conditions [1].

e R

Object

Source Receiver

Figure 2: X-ray diagnostics of newborns with scaling

In this paper, the circuit and structural features of low-
power portable apparatus for neonatology, its internal
structure and organization of electronic modules are in-
troduced.

Materials and Methods

Interconnection of electronic modules built on the central-
ized control principle (see fig.3). For the implementation
of sensing functions and heat supplying, the subsidiary
module is used. The high-voltage part comprises a gen-
erator and a voltage multiplier.

< o

Main unit [
v A

Subsidiary
unit aE

..................... .

High voltage circuit

X-ray tube

Figure 3: The generalized structure of electronic modules
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Fig. 4 represents the organization of the main control
module. Its basic functions are:

e control of X-ray tube supply power generator;

e management of data flow between PC and device;

e monitoring of the central module: the temperature of
the inductive element, the average temperature of
the power transistors, the average power consump-
tion;

e  X-ray dose control.

The Central MCU communicates with the Ethernet con-
troller that have hardware support for the TCP/IP proto-
col. All data transmission is handling through specialized
Ethernet PHY controller by SPI interface. The use of spe-
cialized chip simplifies the interaction of the microcon-
troller with a PC and partially offloads the core and the
peripheral modules, however, the cost of such solution is
considerably higher than MII/RMII chip. The power sup-
ply is controlled by 16-bit timer with push-pull signal
with a pulse width modulation (PWM) [2]. The module is
located on the outside of the case and is not in contact
with an insulating filler (transformer oil). Inside casing
the subsidiary module, all high voltage components
(transformer, multiplier and divider, the X-ray tube) are
located. From the Central unit to the internal elements a
power line (the transmission of energy to the transformer)
and two differential signal lines are routed. To ensure in-
dependent transmission in both directions of the commu-
nication channel a full duplex is implemented.

ETH
MCU |« » to PC
Power Additional
generator supply
[ ]
oY To subsidiary
To isolated area unit

Figure 4: Structural diagram of control board

A subsidiary module (a structural diagram is represented
in fig. 5) is placed inside the case in the vicinity of high-
voltage circuits. The unit performs following functions:

e control of filament current;

e measurement of electrical parameters of the X-ray
tube, such as voltage, tube current, filament current;

e calibration of measurement data and control of elec-
trical parameters of the X-ray tube searching in a
given workspace;

e control of ambient temperature (temperature of
transformer oil);

e flexible converting input analog signals.

The main module node is the MCU, which controls the
filament current and measures circuit parameters using
the 4-channel 12-bit internal ADC. The temperature of the
environment is controlled by sensor, which integrated into
MCU package. Communication with the control board is
realized via the RS-485 interface. This solution provides
the most optimal ratio of communication speed to noise
immunity.

To main unit

!

MCU |a—| Analog
conversion
Heat Measuring
generator signal

Figure 5: Structural diagram of the subsidiary module

When controlling the filament current is important to con-
sider that the resistance of the filament is substantially
depends of temperature. Standard approach uses the
pulse-width modulation; full voltage amplitude is applied
to the filament. In the case of low temperature (it happens
at first turn on) initial current intensity may be significant
(exceed the maximum to 1.5 times). This eventually may
lead to its thermal destruction. A solution to this problem
is the combination of pulse-width modulation and fre-
quency control [3]. Fig. 6 represents a simplified circuit
of the filament supply. The pins of the X-ray tube cathode
form a parasitic inductance which at high frequency limits
start current equal to:

U
Rheat +Z leak

Lggart = ——

start (1)
where Uy is the amplitude of the voltage of the filament
supply, V; Ry, — the resistance of the filament in Ohms;
Z,..x — impedance of the parasitic inductance of pins on
the current frequency, Ohms.

Lleak

Heat generator Rheat Vheat

Figure 6: The equivalent circuit of circuit the heated fil-
ament

Thus, the combination of a gradual increase of duty cycle
and frequency can be used to achieve amplitude modula-
tion of the heat voltage that will provide a smooth in-
crease of operating current and significantly extend the
service life of the machine.
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The machine construction design (see fig. 7) is based on
several ribs formation of the carrier frame. This is done
by perpendicularly arranged walls that provide a rigid po-
sitioning of the device in space relative to the outer alu-
minum case. This aspect is especially important because
of the strict requirements for maintaining a minimum dis-
placement of the apparatus. The change in the position in
the process of exploitation can lead to the risk of voltage
breakdown. Therefore, special attention was paid to make
the structure as rigid as possible [4].

Figure 7: Sketch of the internal nodes construction of X-
ray machine

Load-bearing walls are made of FR4. The products made
of this material is technologically advanced and has a sta-
ble surface breakdown voltage of about 1.5 kV/mm (as-
suming storage material is isolated from dirt and mois-
ture). The transverse plate is made of PTFE and in addi-
tion to quality insulation provide rigid fixation of all
structural elements.

Results

Eventually, fully functioning layout portable, low power
apparatus for neonatology with the ability to control from
PC or control panel, were designed and constructed. Main
characteristics are introduced below:

e operating voltage: 120 kV;

e operating voltage ripple: < 3%;

e  maximum power: 360 W;

o efficiency: > 75%);

e output raise time: < 20 ms;

o weight: 5 kg;

e controlled by PC or portable console;

e size: 380 x 130 x 180 mm.

The present design provides a quick assembly, which in-
creases the manufacturability of serial production. A
modular approach to the design of electric circuits allows
to make fast replacement of units and perform a local up-
date of specific parts of the scheme. Testing the model
sample of the device was carried out in laboratory condi-
tions.
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The closest analog is portable X-ray machine EcoRay
9020HF. Comparison (see tab. 1) demonstrates, that new
design uses tube with lower focal spot, which allows to
decrease power of machine and its weight. Lower power
is compensated by higher voltage (120 kV against 90 kV)
and decreased distance (0.35 m).

Table 1: Characteristics of apparatus in comparison with
nearest analog on the market

Item Introduced Analog
machine
Focal spot size, mm 04x04 1.2x1.2
Power, W 360 1200
Operating voltage, kV 120 90
Shooting distance, m 0.35 0.66
Weight, kg 5 7

Discussion and Conclusions

Modern medical X-ray machines allow to obtain high-
quality images for accurate diagnosis of patients. Howev-
er, medical staff are always at risk of extra exposure. This
is especially true for portable applications, when medical
worker holds the apparatus or stands near it. Introduced
machine greatly reduces extra radiation in comparison
with similar ones having large focal spot. Small focal spot
allows to decrease power of the apparatus and distance
between source and receiver. Dimensions and weight are
also decreased, portability is improved. Moreover, X-ray
diagnostic complex based on microfocus tube can per-
form images with higher quality than classic apparatus
does. Implementing local net between machine, PC and
receiver allows to expand possibilities of constructing
specialized X-ray complexes. Several sources and receiv-
ers could be combined under single or distributed control.
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Introduction

Distribution of digital equipment, including the produc-
tion of medical X-ray apparatuses, allows to control vari-
ous devices using a computer software. At present, this
mechanism is a widespread practice.

The vast majority of power sources of medical X-ray ap-
paratuses are built according to the scheme with ampli-
tude or pulse-width modulation (PWM). At the same
time, the resonance control scheme of the X-ray tube is
also promising. In comparison with PWM control, the
resonance circuit allows to obtain greater efficiency and
to provide a more exact adjustment of operating parame-
ters of the apparatus. The adjustable parameters are: reso-
nance frequency, heating current and duty cycle. The
most convenient way to establish the values of these
quantities is their software setting. Thus, the aim of the
work is to create graphic user interface (GUI) for setting
up an X-ray apparatus.

Materials and Methods

A model sample of medical X-ray machine for neonatolo-
gy was compiled on the basis of the EPU department of
ETU «LETI» [1]. Due to the features of a scope of the
apparatus it is necessary to provide high efficiency of his
work that is achieved by applying a resonant control cir-
cuit.

Parameters of the X-ray apparatus

The parameters of the power supply (excluding the volt-
age multiplier), which define the mode of operation of the
X-ray tube (current and voltage on the tube) include fila-
ment current, resonant frequency and duty cycle. A spe-
cific set of values for these parameters will yield the de-
sired current and voltage of the tube.

In order to determine possible combinations of these pa-
rameters for establishment the required values of current
and voltage on the X-ray tube, the characteristic curves
for current and voltage were obtained experimentally. The
received dependences are qualitatively reflected in figure
I, 2 and 3 (in Fig. 1, the ratio of currents is as
follows I4< I3 <L, <1I;; in Fig. 3, the ratio of the filament
currents is as follows Ins > In3> Ino> Ini).

Experiments have shown that at different currents of heat,
the current of the X-ray tube is guaranteed to reach satura-
tion at a voltage of 40 kV (Vmin). This feature allows to
receive calibration points as follows: to expose the mini-
mum level of filling (about 5%); to shift the frequency
before obtaining voltage on the tube of 40 kV; when this

value is reached, record the calibration point parameters.
Increasing the filling coefficient with a given step, it is
possible to receive a set of calibration points. In order to
set certain operating parameters, the machine takes the
values of the obtained calibration points as a basis during
operation and, if necessary, calculates the value at the in-
terval between them.

U

f
Figure 1: Dependence of the X-ray tube voltage on the
generator frequency

U
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Figure 2: Dependence of the X-ray tube voltage on duty
cycle
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Figure 3: Volt-ampere characteristic of the X-ray tube

Features of the apparatus control and their software
implementation

Due to the fact that the X-ray radiation belongs to ioniz-
ing, special attention should be given to matters of radia-
tion safety when carrying out all types of work. If it is
necessary to control the X-ray machine remotely using a
computer program, first of all there is a question about the
reliability of the communication line. In addition, the reli-
ability of the received and sent data, which can affect the
operation of the machine, is also an important point. At
the same time all data can be sent and received only ac-
cording to a certain protocol of interaction.

Reliability of the communication line: Taking into ac-
count the aforesaid, communication of the apparatus with
a personal computer can be performed through the Ether-
net line. There may be situations when the apparatus stops
responding to commands due to the loss of physical con-
nection between the cables. In that case, if the generation
of X-ray has been started, then it will continue that is un-
desirable. To monitor the situation of loss of communica-
tion software implemented the constant data exchange be-
tween the personal computer and the x-ray apparatus. The
need for constant monitoring of the operational parame-
ters of the apparatus justifies the existence of such a con-
stant connection. If necessary to send a command that dif-
fers from request parameters, corresponding to the com-
mand packet simply replaces the send queue of the re-
quest packet.

Accuracy of the data: The TCP / IP Protocol stack was
selected as the top-level protocols. This ensures that the
data packet is delivered to the recipient. For a possibility
of management under the TCP/IP protocol a specialized
chip of w5100 is used. In this chip, the use of standard-
ized protocols is implemented by hardware, which elimi-
nates the need to control the delivery and check the
checksum (this factor is important in the X-ray t equip-
ment as ensuring the reliability of the transmitted data
will protect the machine from possible errors and emer-
gency uncontrolled user modes).

Protocol of interaction: Any interaction between the con-
trol device and the operated device is performed accord-
ing to certain rules, usually described in the so-called pro-
tocols. The first version of the protocol of interaction
XRTMP (X-ray tube management protocol) between the
x-ray apparatus and the external controller was developed
to simplify the interaction of developers when writing
software for the PC and for the microcontroller. In ac-
cordance with the protocol, all packets have a fixed
length, which is 20 bytes. Figure 4 shows a block diagram
of the interaction levels between the control device and
the X-ray apparatus. The drafted protocol is responsible
for the interpretation of transmitted data packets and the
organization of interaction between internal nodes of the
apparatus. In accordance with the communication proto-
col, besides control commands (these include turning the
machine on and off with the set parameters), there are al-

54

so special commands for apparatus settings (for example,
setting generator parameters such as frequency and duty
cycle, etc.).

User software Control x-ray tube
XRTMP XRTMP
TCP TCP :

(TR TR RS

—
II
sssssssmmEn

Ethernet

e Jo—>

Hardware implementation on
W5100

Figure 4: Organization of a protocol stack

Setup of the apparatus: Values of the operational parame-
ters, though weakly, but vary from device to device in
connection with dissimilarity of the electronic compo-
nents used to build these devices. For this reason, at the
first inclusion tuning of the apparatus has to be performed
surely. Otherwise, the parameters stated in the documen-
tation may not fully correspond to reality. Program and
circuit control implementation provides a possibility of
various calibrations types and settings:

calibration of sensor;

adjustment of emergency thresholds;
setting operation modes of the tube;
e control of the working dose.

Calibration of sensors is intended for increase the accura-
cy and reliability of the data about current and voltage on
X-ray tube, about heat current and also a radiation dose
received from them. Depending on which components
were used to assemble the apparatus, the emergency
threshold values may vary. In order to take into account
this feature, it is possible to update the threshold values.
Setting of the operation modes allows to correct the cur-
rent and voltage values for modes which are already writ-
ten down in the machine. Special attention among the
possible calibrations and settings deserves to control the
working dose.

Structurally inside the apparatus there is a possibility of
placement a special sensor, which is capable to register a
relative dose of X-ray radiation. Under normal operating
conditions, the dose level will coincide with the calibrated
values (with allowance for minor fluctuations). In the case
when the mode of operation of the apparatus is incorrect,
the program will be able to track this by changing the
working dose of radiation. All settings occur at the level
of the microcontroller, which receives instructions for cal-
ibration from the host computer.

Results

To control the model of the X-ray apparatus, a program
for a personal computer has been developed. As a devel-
opment tool the framework Qt [2] was applied, and the
program was under construction on the basis mentioned
above data exchange protocol. With the help of this de-
velopment environment, the interface of the control pro-
gram was designed and implemented, the main window of
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which is represented in the Fig. 5. The program is written
on the C++ language.

B Xray =2 u] X

V 100 kv
I |3 mA

1t 20 ms

Figure 5: Main window of the program

The main window of the program can be conditionally
divided into 3 parts: first block is the unit for setting ex-
posure parameters (voltage, current and time); second
block is the immediate start-up of apparatus (inclusion of
X-ray radiation); third block is the configuration icon.
Almost always the operator needs to use only the first two
blocks. However, there are situations when it is necessary
to change the machine settings (for example, to rebuild
the resonant frequency). Circuitry and software imple-
mentation allow performing this action by simply chang-
ing the value in the corresponding field of the program by
the operator. Despite such apparent simplicity of adjust-
ment, all controls for calibration, advanced setting and
connection of the machine are taken out into separate
window, which is accessed after entering the correct
password. Part of the advanced program settings window
is shown in Fig. 6.

Settings

START SsTOP
FREQ— FREQ++ 1
LED
DUTY: DUTY++ 1
Time
Frequency Duty Frequency Duty

Kz % 100 | g %0 | o 1000 | ms

Figure 6: Part of advanced settings window

The presented part of the advanced settings allows chang-
ing the resonance frequency, duty cycle, starting and
stopping the generator, and also checking the communica-
tion by the signal LED.

In general, advanced settings allow the attendants to per-
form the following actions:

. change [P-addresses and ports as needed to es-
tablish the connection between the personal computer and
the apparatus;

. open and close the corresponding TCP connec-
tion;

. send a special request to the apparatus;

. receive and visualize response from the appa-

ratus to corresponding request;

. start and stop pulse generator;

. change frequency and duty ratio of the generator;
. monitor the connection and operation of appa-
ratus by means from signal LED;

. perform calibration for following parameters:

voltage, tube current, filament current and temperature of
tube;

. to monitor the above parameters in real time.
Indication of the current values of the main parameters of
the apparatus is also contained in a separate part of the
extended settings window of the apparatus. The parameter
display field is shown in Fig. 7.

CurrentMeans
v, kv It, mA Ig, A

120 3 3.2 40

Figure 7: Indication of the current parameters of
the apparatus

It should be noted that the program requires a computer
with an installed operating system of the Windows family
(Windows XP SP3 or higher), as well as the ability to use
the computer TCP/IP connection. As for the rest, the pro-
gram does not impose special requirements on the used
computer.

Conclusions

The computer program created in the course of operation
allows to adjust the X-ray apparatus for neonatology to
improve its performance characteristics. In the future we
plan to expand the ability program to control several sat-
ellites simultaneously, and also to find the optimal cali-
bration algorithm for the apparatus and to implement it
programmatically.
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Introduction

Microfocus X-ray is a combination of methods for receiv-
ing X-ray images using radiation sources with focal spots
size less than 100 um. Using these sources gives the oppor-
tunity to obtain images with a direct geometric image mag-
nification 5-20 times. Today microfocus X-ray is widely
used in medicine, industrial non-destructive testing and
quality assessment of agricultural crops. [1,2,3].

In the list of cases, microfocus X-ray images could not be
authentically analyzed because of insufficient quality of
images. More often main disadvantages of microfocus X-
ray images are irregular background, distorted brightness
characteristics, the presence of noises. Therefore, the de-
velopment of algorithms for digital processing of micro-
focus X-ray images is a relevant task.

Materials and Methods

In the paper, two algorithms of digital X-ray images pro-
cessing are considered: the algorithm for correcting the un-
even image background based on the subtraction of the dis-
torting function and the algorithm for locally-adaptive his-
togram equalization.

Algorithm for correcting the image background

During the X-ray examination according to the scheme
with the direct geometric magnification uneven image
background arises, complicating visual analysis and subse-
quent digital image processing. A distorting function is in-
troduced to eliminate irregular background of the image. It
is considered that the receiver registers an image that can
be represented as the sum of the image and the distorting
function, which creates the uneven background. The dis-
torting function in microfocus X-ray is usually described
by a function of the form:

9(r,y) = ClGx =292 +(y - 225)), (1)

where C — is a constant, whose value depends on the mi-
crofocus X-ray apparatus mode and the shooting condi-
tions, Xmax and ymax — is the vertical and horizontal size of
the image respectively.

This form of distorting function follows from shooting
peculiarities with image enlarging, as X-ray radiation in-
tensity decreases proportionally to the square of the dis-
tance.
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Figure 1: Image for the analysis

Figure 2: The result of image background correction

For every single profile, its minimum and maximum are
determined and the difference between them is found. The
constant C is determined by the expression (2) as the me-
dium difference between minimum and maximum of the
profiles.

Zg(ak max — Ak min)

= 2
C T ’ (2)

where N — the number of profiles, ax max and ax min — respec-
tively maximum and minimum brightness values. In case
of the big difference between profiles minimums and max-
imums the number of the analysed profiles should be in-
creased to get the correct constant.
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On figure 3 profile built along the upper edge of the image
is presented.
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Figure3: Profile of the upper edge of the image

The resulting image f{x,y) is obtained by the way of sub-
traction g(x,y) from image registered by the receiver:

fO,y) =h(x,y) —g(xy) (3)
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Figured4: Profile of the upper edge of the image after cor-
rection
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On the figure 4 profile built along the upper edge of the
image after the correction of the tone is presented. As it’s
shown in the figure 3 profile of the image is aligned, une-
ven background illumination is removed. After image
background correction, it's much more convenient for au-
tomatic analysis. Visual analysis also becomes easier. So,
for teeth image selection on the image primitive threshold
transformation can be used, while in a case of uneven back-
ground it is ineffective.

The algorithm of local-adaptive equalization of the
histogram

50 100 150 20 250

Figure5: The original image and its histogram

The method of the local-adaptive histogram equalization
can be also used for the image's contrast improving.

Histogram of the image is a function defined as:

h(r) = ny, (4

where 7, — k- is a level of brightness on the image, ni—
number of pixels, belonging to this level of brightness. If
the image has a low contrast, this means that the histogram
values are concentrated in a certain region of the brightness
range [5]. For improving contrast it’s necessary for non-
zero levels of the histogram to overlap the bigger part of
the range of brightness. Equalization of the histogram is a
transformation that can be described by the formula:

Kk
n;
Sk = T(rk) = Z?ﬁ
Jj=0

where sy — k-level of the brightness of the processed image,
n — the common number of pixels on the image, nj— number
of pixels that have brightness ry.

(5)

Figure6: The image and its histogram after using the
method of histograms' equalization

This method allows you to significantly increase the con-
trast of X-ray microfocus images without the operator's
participation. However, the method of the histogram equal-
izing does not lead to the desired result if the image has an
uneven background or if the image has a wide histogram.

To overcome listed limitations method of local-adaptive
histogram’s equalization is applied: at first in the method
of local-adaptive histogram’s equalization the image is
splitted into a number of non-crossing areas (usually from
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16 to 128) and then every single area is subjected to the
histogram's equalization. On the next step, all the areas are
combined into a single image with the bilinear interpola-
tion. For removing artificial borders, which appear in the
combining areas, the interpolation is used. In this way,
there is a local increase in the contrast of the main image
details.

Figure7: Image and its histogram after using the method
of the local-adaptive equalization of the histogram

Results and discussion

To check the quality of method of the background correc-
tion a sample of 100 medical microfocus X-ray images ob-
tained using different radiation receivers was used.

As the result of the developed method backgrounds of the
73% of the images were fully leveled (pixel brightness val-
ues difference between the edges and the center has be-
come less than 5 points), for 27% of the images pixel
brightness values difference between the edges and the
center has become less than 10 points.

Every single wrong case of the background correction
was considered in details. In all the cases error was caused
by the fact that objects in the image occupied more than
80% of the length of the profile, so there wasn’t enough
information to determine the background.

To check the quality of method of the background correc-
tion a sample of 50 medical microfocus X-ray images was
used. As the result of the application of the method of his-
togram's adaptive equalization to all images from the sam-
ple for 80% of the images, a notable contrast increase was
fixed. It also became possible to distinguish the details of
tissues and bones. If the traditional method of histogram
equalization is applied to the same images, significant im-
provement in contrast, without deterioration of contrast in
other areas of the image, was achieved only in 40% of
cases.

Conclusions

As the result the algorithm for image background correc-
tion and algorithm of the local-adaptive histogram equali-
zation was developed.
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On the samples of microfocus X-ray images, investiga-
tions of developed methods were done. Both of the meth-
ods gave satisfactory results.

Also, it was determined that while doing the local-adap-
tive equalization of the histogram, contrast image of both
soft and osseous tissues can be reached on the same shot.
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	Ключевые слова: частотная адаптация, кардиостимулятор, акселерометр.
	Мультидиагностическое исследование послеоперационных когнитивных расстройств Истомина Т.В.1, Сафронов А.И.2, Кривоногов Л.Ю.3, Карпицкая С.А.2, Крамм М.Н.4,  Косенок Н.Ю.1, Шачнева Е.А.3
	Ключевые слова: стабилография, электрокардиография, послеоперационная когнитивная дисфункция.
	Оценка влияния силы прижатия электродной системы на сигналы нейромышечной активности Брико А.Н., Чванова Ю.А., Кобелев А.В., Щукин С.И.
	Ключевые слова: сигналы нейромышечной активности, электромиография, биоимпеданс, миотонический метод, сила прижатия электродов, изометрический схват, стенд схвата.
	База видеоизображений лиц пациентов с расстройствами шизофренического спектра и контрольной группы Латышева Е.Ю.1, Пилипенко М.Н.1, Бойко А.А.1, Самородов А.В.1, Омельченко М.А.2,  Румянцев А.О.2, Иванова А.М.2, Воловик Д.Д.2
	Ключевые слова: изображение, лицо, база данных, шизофрения.
	Искусственные мышцы с возможностью применения в медицинской практике Ичкитидзе Л.П., Селищев С.В., Герасименко А.Ю., Демиденко Н.А.
	Ключевые слова: приводы, искусственные мышцы, удельная мощность, наноматериалы, углеродные нанотрубки, биосовместимость.
	Оптимизация профилактики критической ишемии нижних конечностей на основе нечетких моделей  оценки динамики заболевания Быков А.В.1, Кореневский Н.А.2, Пархоменко С.А.3, Хрипина И.И.2
	Ключевые слова: гибридные нечеткие модели, модель принятия решения, критическая ишемия нижних конечностей.
	Исследование аритмии на ЭКГ, зарегистрированной бесконтактными емкостными электродами,  с использованием сверточных нейронных сетей Помпрапа А., Ахмед В., Штолленверк А., Ковалевски С., Леонард С.
	Ключевые слова: анализ электрокардиограммы, бесконтактная электрокардиография, емкостные электроды, сверточная нейронная сеть, сердечная аритмия.
	Обнаружение апноэ бесконтактной мультисенсорной системой  с использованием алгоритмов глубинного обучения Помпрапа А.1, Саянти М.С.1, Анвар Т.2, Штолленверк А.3, Ковалевски С.3, Леонард С.1
	Ключевые слова: сверточная нейронная сеть, рекуррентная нейронная сеть, лямбда-архитектура, синдром обструктивного апноэ во сне, индекс апноэ-гипопноэ, индекс дыхательной недостаточности.
	Неинвазивная оценка уровня глюкозы, основанная на спектроскопии  в ближней инфракрасной области и эхо-импульсном ультразвуке Нанди С., Жан И., Зиа Дж., Синг Т., Мастрандреа Л.
	Университет Баффало, Баффало, США
	Ключевые слова: оценка уровня глюкозы, спектроскопия в ближней инфракрасной области, эхо-импульсный ультразвук, линейная регрессия, гауссов процесс.
	Формирование трёхмерной структуры слоёв ткани с помощью наносекундных лазерных импульсов Василевский П.Н.1, Герасименко А.Ю.1,2, Савельев М.С.1,2, Терещенко С.А.1
	Ключевые слова: нелинейная оптика, углеродные нанотрубки, применение лазера, мощность лазера, поглощение.
	Биотехническая система автоматической оценки степени повреждения лицевого нерва Лаврова Е.А.1, Самородов А.В.1, Мордовский А.В.2, Кудрин К.Г.2, Поляков П.А.2
	Ключевые слова: автоматический анализ изображения лица, контрольные точки лица, повреждение лицевого нерва, асимметрия лица.
	Вариация локальной скорости пульсовой волны, определяемой в течение сердечного цикла:  валидация in-vivo с использованием двухэлементного магнитного плетизмографического артериального зонда Набель П.М., Джайарай Дж., Моханасанкар С.
	Индийский технологический институт Мадраса
	Ключевые слова: магнитный плетизмографический зонд, неинвазивные измерения, вариация локальной скорости пульсовой волны,безманжетная оценка параметров артериального давления.
	Гемодинамические пробы для индуцирования изменений артериального давления в лабораторных условиях Набель П.М., Сурия В., Джайарай Дж., Моханасанкар С.
	Индийский технологический институт Мадраса
	Ключевые слова: гемодинамические пробы, контролируемое изменение артериального давления, время восстановления.
	Неинвазивная оценка вариаций инкрементного модуля упругости артерии,  определяемого в течение сердечного цикла Рай К., Набель П.М., Джайарай Дж., Моханасанкар С.
	Индийский технологический институт Мадраса
	Ключевые слова: инкрементный модуль упругости артерии, ультразвуковой преобразователь, тонометрия, зонд для неинвазивных измерений.
	Структурирование биоконструкций с углеродным нанокаркасом в белковой матрице Герасименко А.Ю.1,2, Глухова О.Е.3, Слепченков М.М.3, Журбина Н.Н.1, Савельев М.С.1,2,  Ичкитидзе Л.П.1,2, Подгаецкий В.М.1, Селищев С.В.1, Кицюк Е.П.4, Павлов А.А.5
	Ключевые слова: структурирование, биоструктуры, биоматериалы, углеродные нанотрубки, белковая матрица, импульсное лазерное излучение.
	Приложения смешанной реальности для коллаборативного операционного блока – прототипное исследование Мараренс Н., Остлер Д., Вейнцирл Дж., Кон Н., Фогель Т., Вильгельм Д., Коллер С., Фесснер Х.
	Ключевые слова: смешанная реальность, дополненная реальность, коллаборативный операционный блок, хирургические вспомогательные технологии, распознавание объектов.
	Длительная манометрия высокого разрешения: сложности и недостатки автоматизированного анализа моторики пищевода Елл А.1, Хюссер Н.1, Хе С.1, Остлер Д.1, Телышев Д.2, Селишев С.2, Фесснер Х.1
	Ключевые слова: эзофагоманометрия, манометрия высокого разрешения, пищевод.
	Исследование спектральных свойств сред на основе хитозана и карбоновых нанототрубок Федорова Ю.О.1, Полохин А.А.1, Мурашко Д.Т.1, Савельев М.С.1, Герасименко А.Ю.1,2
	Ключевые слова: хитозан, нанототрубки, спектральные характеристики, кардиохирургия, тканевая инженерия.
	Пьезоэлектрические свойства материалов PVDF и PVDF-TrFE, изготавливаемых электропрядением,  для восстановления нервов Халаби Ф. Аль1, Гришков О.1, Кун А.И.1, Капралова В.М.2, Гласмахер Б.1
	Ключевые слова: пьезоэффект, восстановление нервов, электромеханическая связь.
	Оценка параметров P300 при фотостимуляции Дмитриев А.Н., Щукин С.И.
	Ключевые слова: P300, ИМК, фотостимуляция, ЗВП, пространственный интервал.
	Управление телефонными звонками в когнитивной операционной комнате Кон Н., Остлер Д., Коллер С., Мараренс Н., Замм Н., Кранцфелдер М., Фогель Т.,  Вильгельм Д., Фесснер Х.
	Ключевые слова: когнитивная операционная комната, управление звонками, классификация важности звонков.
	Трансляционная динамика в комплексном анализе работы организма человека Мау И.1,2
	Ключевые слова: математическое моделирование, системный подход, динамика.
	Возможности «Хирургии 4.0»: передача данных 5G при минимально-инвазивной хирургии Фогель Т.1,2, Мараренс Н.1, Коллер С.1, Йелл А.1,2, Остлер Д.1, Вайгель В.3,  Айшингер Дж.3, Фесснер Х.1,2, Кранцфелдер М.1,2
	Ключевые слова: минимально-инвазивная хирургия, передача данных, 5G.
	IVAP 2025 – По направлению к коллаборативной операционной комнате Остлер Д., Мараренс Н., Кон Н., Коллер С., Кранцфелдер М., Фесснер Х., Вильгельм Д.
	Ключевые слова: коллаборативная комната, анализ данных, резекция, желчный пузырь.
	Создание трехмерных нанокомпозитных биоконструкций  с использованием послойного лазерного устройства прототипирования Курилова У.Е.1, Журбина Н.Н.1, Игнатов Д.А.1, Рябкин Д.А.1, Полохин А.А.1, Пьянков Е.С.1, Герасименко А.Ю.1,2
	Ключевые слова: нанокомпозиты, трехмерное лазерное прототипирование, тканевая инженерия.
	Анализ физиологических показателей для количественной оценки стресса и нагрузки хирургов  с различным уровнем подготовки во время лапароскопической холецистэктомии Самм Н., Остлер Д., Фогель Т., Мараренс Н., Вильгельм Д., Фесснер Х., Штаудер Р.
	Мюнхенский Технический Университет
	Ключевые слова: робот-ассистивные технологии, показатели уровня стресса, лапароскопическая хирургия, сердечный и дыхательный ритм, машинное обучение.
	Новый, основанный на представлениях многомасштабного корреляционного анализа,  метод оценивания вариабельности сердечного ритма Анциперов В.Е.
	Ключевые слова: анализ биомедицинских сигналов, обработка длительных записей ЭКГ, многомасштабный корреляционный анализ, вариабельность сердечного ритма, корреляционная ритмография, геометрические методы анализа ВСР, оценивание параметров медленных ...
	Анализ тактильной информации для реализации обратной связи в протезах предплечья Букин В.Ю., Брико А.Н.
	Ключевые слова: обратная связь, биоэлектрический протез предплечья, тактильная информация.
	Интраоперационное стерильное формование индивидуальных слепков пациента  для минимально инвазивной кохлеарной имплантации Мюллер С., Янка С., Карс Л.А., Ортмэйер Т.
	Ключевые слова: гранулированные термопласты низкого давления, минимально инвазивная хирургия, кохлеарная имплантация.
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