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Previous conferences:
2016: 12th Russian-German Conference on Biomedical Engineering, 04-07.07.2016, Vladimir State University, Suzdal, Russia — Link to Proceedings
2015: 11th German-Russian Conference on Biomedical Engineering, 17-19.06.2015, RWTH Aachen University, Germany
2014: 10th German-Russian Conference on Biomedical Engineering, 25-27.06.2014, Saint Petersburg State Electrotechnical University «LETI»,
St. Petersburg, Russia
2013: 9th Russian-German Conference, 23-26.10.2013, Hanover, Germany
2010: 6th Russian-Bavarian Conference on Biomedical Engineering, 8-12.11.2010, Bauman Moscow State Technical University, Russia
2009: 5th Russian-Bavarian Conference on Biomedical Engineering, 01-04.07.2009, Munich, Germany
2008: 4th Russian Bavarian Conference on Biomedical Engineering, Moscow Institute of Electronic Technology, 07-11.07.2008 — Link to Proceedings
2007: 3rd Russian-Bavarian Conference on Biomedical Engineering, 02—-03.07.2007, Friedrich-Alexander-University Erlangen-Nuremberg, Germany
2006: 2nd Russian-Bavarian Conference on Bio-Medical Engineering, 14-15.06.2006, Bauman Moscow State Technical University, Russia
2005: 1st Russian-Bavarian Conference on Bio-Medical Engineering, 13-14.10.2005, Munich, Germany


http://freme.vlsu.ru/trudy_pdf/RGC-2016-Proceedings.pdf
http://rgc2015.hia.rwth-aachen.de/
http://www.eltech.ru/en/university/events/novyy-resurs23
https://www.rgc2013.uni-hannover.de/
http://campar.in.tum.de/RBC/WebHome
https://mediatum.ub.tum.de/doc/1289275/file.pdf
http://www5.informatik.uni-erlangen.de/Forschung/Konferenzen/Biomed07/
http://wwwmayr.in.tum.de/konferenzen/Biomed06/index.html

13-1 Poccuiicko-IFepmaHckana koHdepeHuusa no 6MoMeanLIMHCKON NH)KEHepUn
23.05.2018-25.05.2018, AaxeH, N'epmanus

OpraHu3auMOHHbI KOMUTET
PykoBoACTBO KOHepeHuuK:
Pykosogutenb: npod. A.T.H, A.M.H., Steffen Leonhardth (C.K. JleoHxapa), 3aB. kadeapon MHHOOPMALMOHHBIX TEXHO-
JIOTUI B MeanUmnHe, PerHcKo-BecTdanbCkuii TeXHUYeCcknin yHuBepcuteT AxeHa, FrepMaHmsi.
3amecturtenn: npod., K.1.H., Jaakko Malmivuo (Fakko ManMmBo), BepnMHCKUI TEXHUYECKUI YHUBEPCUTET, kadeapa
3NEKTPOHMKM 1 06paboTKN MeaMUMHCKUX CUrHanoB, FepManus.
HayuHblii koMuTeT:
Mpod. Hubertus FeuBner, MIOHXEHCKMIA TEXHUYECKUN YHUBEPCUTET, MepMaHust
MNpod. Brigit Glasmacher (Bpurut MMacMaxep), FAHHOBEPCKMI YHUBEPCUTET MMeHU JlelnbHuua, FepMaHus
Mpod., Thomas Gries (Tomac Mpu3), PelHcko-BecTdanbCkuii TEXHUYECKUI yHUBEPCUTET AxeHa, I'epMaHusi
Mpod. Tobias Ortmaier(Tobuac AptMaep), FaHHOBEPCKMIA YHMBEPCUTET MMeHN JleiibHnua, Mepmanms
MNpod. Cenunuwes C.B., HaunoHanbHbI MCCNeAoBaTENLCKUN YHUBEPCUTET MOCKOBCKUIM MHCTUTYT 3NIEKTPOHHOM TEXHUKM, Poccust
Mpod. WykuH C.U., MockoBckuit rocyuapCTBeHHbM TEXHUYECKUN YHUBEPCUTET UM. BayMaHa, Poccus
Mpod. Cywkosa J1.T., Bnagumupckui rocy.anJCTBeHHblVl yHuBepcuTet, Poccum
Mpod. Ongawes 3.M., CaHkT-TleTepbyprckuii rocyAapCTBEHHbIN 3NEKTPOTEXHUYECKUIA YHUBEpcUTET J19TU, Poccusi

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 ydeHbiMM U3 Poccum u

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

KOHdepeHumn PBK B MockBe, pyKOBOAAWMM KOMUTET pelnn paclumputb MHQPOPMALMOHHOE 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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Methods of investigation parameters of plasma of glow discharge lasers
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MeToauka ucciieloBaHHsI TapaMeTPOB MJIa3Mbl JIa3ePoB TJIelolero paspsaaa
Kucenes A.C., Cmupnos E.A.
Cankr-IlerepOyprekuii rocyaapcTBeHHBIN anekTpoTexHnyeckuil yausepcutet «JIDTH» um. B.M. Yapsunosa (Jlennna)
CIIOIOTY «JIDTU»
IIpousBeneH psii SKCIIEPUMEHTANBHBIX U TEOPETHUECKUX HCCIEIOBAHUN MapaMeTpoB IIA3Mbl J1a3€pOB TICIOIIETO pa3psija.
ITony4yeHHble pe3yabTaTbhl MOTYT OBITH KCIIOJIB30BAHBI MPH MOJO0pPE ONTHMAIBLHOTO I'a30BOTO HAMOIHEHMS, a TaKKe MpH
pa3paboTKe CHCTEM CTaOWIN3ali MOITHOCTH I'a30pa3psIHBIX Ja3ePOB, HCIOJIB3YEMBIX B MEANIIMHCKOH TEXHHKE.
Kniouesvie cnoea: nazepsl TIEIONIETO pa3psija, IIa3Ma, SJIEKTPOHHAs TEMIIEpaTypa, UMIIEAAHC TIa3MBbl.

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. .........c.ccccceeiiivimiminiiiiietiteesteeeetetee sttt 5(63)
HccnenoBanne BIMSIHUS YIJIa YCTAHOBKH BHHTA B MOAYJIb GHMOMO/Ie/IM HA €r0 CONPOTHBJIEHHE 0CEBOMY BBITSI’KEHHIO
Caspacoe I'B.", Catipymounosa M.C.!, Maxupoe C.K.?, Maxupoe T.P.?
IMI'TY umenu H.D. Baymana, Mocksa, Poccust
2 llenTpanbHas KIMHUYIECKas GonbHuIa Poccuiickoii akanemnn Hayk, Mocksa, Poccus
IIpoBeneHO SKCIIEpUMEHTATIFHOE HCCIISJOBAHNE BIMSHIS YIJIa YCTAaHOBKHM TPAHCIEIUKY/SIPHOTO BHHTAa Ha €r0 COINPOTHBIICHHE
0CEBOMY BBITSDKEHHIO. BUHT BBOmMIM B Mopenb OHOOOBEKTa (Telo MO3BOHKAa OapaHa) IO YIVIOM IO OTHOIUGHHIO K OCH
BbITATMBaHUA. VccnenoBaHue MOATBEPIKIACT, YTO YBEIMUYCHHE yIVla NPUBOAUT K YXYAIICHHIO (PMKCALMM BUHTA B NO3BOHKE: NPH
HakyoHe 5+0,5° cuna conporusnenus coctaBwia 1208+6 H; mpu Hakinone 14+0,5° — 965+5 H; npu naxsone 28+0,5° — 303 +2 H.
Kniouesvie cnosa: BUHT TpaHCHEOUKYISIPHBINA, QUKcaIis MO3BOHOYHUKA, CONPOTUBICHUE OCEBOMY BBITATHBAHHUIO, OMOMEXa-
HHYECKHE HCCIICIOBAHNS.

The study of biomechanical characteristics of the venous wall after ultrasound exposure
Anna Borde, Savrasov Gennady, Alexander Gavrilenko and Alexandera IVAnOVA ...............ccccoccvevuevirieeneiieiineeieneeeseneeeens 7(65)
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W3y4enne BIASIHUSA YJILTPA3BYKA HA OHOMEXAHNMYECKHE XAPAKTEPUCTHKHA BEHO3HOI CTEHKH

Bopoe A.C.!, Caspacos I'.B.", F'aspunenxo A.B.%, Hsanosa A.I'?

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

2 PHIIX um. B.B. ITerpoBckoro

B mpouecce 0TpaGOTKH TEXHOIOTUYECKUX MAPAMETPOB yIBTPA3BYKOBOH aONsAINU BEH HWKHAX KOHEYHOCTEN HEOOXOIMMBIM
ITAIIOM SIBISIETCS MCCIIEA0BAHUE CTPYKTYpPBI NATOJOTHYECKOH BEHO3HOM CTEHKH MOCNE YJbTPa3sBYKOBOro Boszeicraus. OO
M3MEHEHUSAX B CTPYKType OMOTKAHHM MOXHO CYIUTH TOCPEICTBAM KOCBEHHBIX TOKa3aTeNel, TAKUX KaK OHOMEXaHUIECKUE
XapakTepUCTHKH. B paboTe NpUBENEHBI PE3yNBTaThl SKCIEPUMEHTANBHBIX HCCIENOBAHMN MO W3YYEHHIO HM3MEHEHMi
GMOMEXaHUIECKNX XAPAKTEPUCTUK BEHO3HOM CTEHKH MOCTIE YIbTPa3ByKOBOI abIIAIyH.

Kntoueevle cro6a: BapuKo3Has GONIE3Hb BEH HIDKHHUX KOHEUHOCTEH, yIbTPa3ByKOBas XUPYyprHsl, GHOMEXaHUIECKUE UCTIBITAHNUS.

Solid Angle Fraction in Single-Photon Emission Computed Tomography
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I'eomeTpuyeckoe oc1ad1eHne B 0AHO(OTOHHON IMUCCHOHHOI TOMOrpadumn
Jvicenxo A.1O., Tepewenxo C.A.
HanmonansHBIH Hecne1oBaTeNbCKUH YHUBEPCHTET «MOCKOBCKUH HHCTUTYT 3IeKTpoHHO TexHukm»y (HUY «MUDT»),
3eneHorpan, Poccust
B 01HO)OTOHHO# SMHUCCHOHHOM TOMOTpad K CYLIECTBYET MATOUCCICIOBAHHBIN HCKAKAIONMN (akTop, Ha3bIBAGMbIN T€OMET-
pudeckuM ocnabneHueMm. B paborte mccnemyercs BIMSHHE T€OMETPHUYECKOTO OCNAONEHUS] HA KauyeCTBO PEKOHCTPYKIUHU, B
3aBHCHMOCTH OT Pa3MepoB OOBEKTa M pajlyca BpaIleHHs CUCTeMbI. [ KOPPEKIMH HCKaKEHHH, BBI3BAHHBIX (AKTOPOM
TEOMETPHIECKOT0 OCIabIeHusI, pa3padoTaH HOBBIH HTEPAIIMOHHBIH METOI.
Kniouesvie cnosa: smuccuonHas ToMorpadusi, peKOHCTPYKIHS, HHTETPATbHO-UTEPAMOHHBIH aJrOPUTM, TEOMETPHIECKOE OC-
nabeHue.

Animal Trials of Wearable Apparatus for Peritoneal Dialysis
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HcnbiTaHus HOCHMOTO aNNapaTa NepUTOHEATbHOI0 THATN32 HA )KHBOTHBIX
basaes H.A., /lopogpeesa H.H., I punsarvo B.M., [Iymps 5.M., ’Kuno H.M.
HanmonaneHbIH Hcce1oBaTeNbCKIH YHUBEPCHTET «MOCKOBCKUH MHCTUTYT 3IeKTpoHHOI TexHukm» (HUY «MUDT»),
3enenorpan, Poccust
[IpuBenens! pe3ynpTaThl MEAUKO-OMOJIOTHIECKHX MCIBITAHUH HOCHMOTO amlapara BHEIIOUYSYHOTO OYMIIEHHsI KpOBU Ha Oase
MEePUTOHEANPHOTO Auanu3a ¢ pereHepanueil. OCHOBHas HJes MeTOJa pPEreHepalyy 3aKiIodanach B MPSIMOM aHOTHOM
OKHCIIEHHH MOYEBUHBI C MOCNeayomeil copOiieii MpoayKTOB NIEKTPOIN3a aKTUBUPOBAHHBIM yriéMm. IpencraBneHs! JaHHbIe
M0 M3MEHEHNIO KOHILIEHTPALNH a30TCOAepPKalllX COeAMHEHNH B IMaM3aTe B XO/1€ UCTIBITAHUH anmapara Ha )KHBOTHBIX.
Kniouesvie cnosa: perenepanus Auaian3aTa, HOCHMBIH anmapar HCKYCCTBEHHOTO OYHINCHUS KPOBH, IEPUTOHEAILHBIN U3,
MEJMKO-OMOTOTUUECKUE UCTIBITAHUS.

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

Ivan Kudashov and Sergey IZorevich SHCRUKIN ..............c..ccccociiiriiiiniiiiiiiiiiecetet ettt ettt st 15(73)
Kontpoas yctanoBku nepugepuyecknx BeHO3HBIX KATETEPOB ¢ MOMOIIbLI0 H3MepPeHHs CHIbI, JeiiCTBYIO1Iel Ha UTJTy
Kyoawos U.A., U]yxun C.H.
MI'TY umenu H.D. baymana, Mocksa, Poccus
IIpencraBieHo ycTpoiicTBO 0OpaTHON CBA3M Ha OCHOBE TEH30PE3MCTUBHOTO AATYMKA CUIIBI, HHTETPUPOBAHHOTO B aBTOMa-
TUYECKYI0 CHUCTEMY KOHTPOJS U IIPOBEIEHUs MyHKIMU BEHO3HBIX cocyloB. Ha OCHOBE MOITy4EHHBIX JaHHBIX INPEAJIOKEH ajl-
TOPUTM HJCHTH(HKAIIUN ITPOKOJIA CTEHKH BEHEL.
Knioueswie cnoea: BEHEyHKIMSA, TATYNK CUJIBI, KATETEP, AaBTOMAaTU3UPOBAHHAS CHCTEMA.

Diamond and Platinum Electrodes For Urea Electrochemical Oxidation
Bazaev Nikolay, Boris Putrya and Evgeniy Streltsov ..........
AJnMa3zHbIe U INIATHHOBBIE 3JIEKTPOABI 1151 3JIEKTPOXMMHYECKOr0 OKMCJICHHSI MOYeBHHBI
Basaes H.A.', [lymps B.M.!, Cmpenvyoe E.B.’
HanmonaneHbIH Hccne1oBaTeNbCKUH YHUBEPCHTET «MOCKOBCKUH MHCTUTYT 31eKTpoHHOH TexHukm» (HUY «MUDT»),
3enenorpan, Poccust
Paznmunble MeTOBI pereHepaniy OTpabOTaHHOTO JHANIM3aTa MOTYT OBITh MCIOJIB30BAaHBI PH MUHHATIOPU3AIUH AIIapaToB
BHEMOYEYHOTr0 OYMIIeHus. MccaenoBan MeTOA 3NEeKTPOXUMUUECKOTO OKHCIEHHS MOYEBHHBI. B kauecTBe 00ObekTa mcciemno-
BaHUs ObLIM BHIOpaHBI MIaTHHOBBIE U alMa3HbIe 31eKTpobl. [IpuBeneHo TeopeTnyeckoe 000CHOBaHHE METO/A, a TAKKE IKC-
MEePUMEHTANBHBIE PE3YIbTAThI 10 CKOPOCTH HTUMHUHAIIMN MOYEBHHBI Ha BHIOPAHHBIX 3JIEKTPOJHBIX 00pasIax.
Knioueswie cnoea: pereHepanys Iuanu3ara, dJIEKTPOJIH3, HOCUMBIH aIrmapaT HCKYCCTBEHHOTO OUYMIIEHHUS] KPOBH.
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OneHka BJIHMSIHHS pa3Mepa peBepCHBHOI0 MIAXMATHOIO MATTEPHA H NapaMeTPOB 0HOJOrH4ecKoro o0bekTa

Ha BblJeJICHHE 3PUTeJbHbIX BbI3BAHHBIX MOTEHIIHAI0B

Kyswunosa U.C.", [mumpuee A.H.!

MI'TY umenu H.3. baymana, Mocksa, Poccus

PaccMoTpeHa MeToiKa 3pUTENbHOM CTUMYIIALMY € HCIIOJIb30BaHUEM Pa3IMYHbIX Pa3MepoB (POTOCTUMYIISALIMOHHOW MaTpPHLIbI,
HO3BOJIAIOIIAS YBEJIMYUTh TOYHOCTb JIOKAIM3ALMH HapyIIeHHH (YHKIMOHAJIBHOM aKTUBHOCTH 3pHUTENbHOH Kopbl Llens
paboTHI — OIEHKa IapaMeTPOB CTHMYIIIMU Ha PEBEPCHBHBIN IIAaXMATHBIA MATTEPH U IIEKTPOPHU3NYECKUX NapaMETpPOB Ha
aMIUTUTY ]y 3PUTENBHBIX BEI3BAHHBIX MOTEHIINAJIOB.

Kniouesvie cnosa: 3purenvHble BbI3BaHHbIe noTeHuuans! (3BII), pesepcuBHeli maxmaTabii narreps (PLUIT), pexum ctumy-
JISIIUH, CBETOJHOIHAST MAaTPHIIA, aMILTHTY/a JUITOJISL, TOJIIMHA 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 ..
Anroput™ BbIOOpa GpU3NYeCKOil AKTHBHOCTH 110 JAHHBIM aKceJlepoMeTpa
HMILIAHTHPYEMOr0 KapAHOCTUMYJIATOPA ¢ QyHKIHEH YaCTOTHOMH ajanTanuu
Kpeuemosa A.B.!, Komnesa JI1.C.!, Tuxomupos A.H.!
MI'TY umenu H.3. baymana, Mocksa, Poccus
OyHKIMA YaCTOTHOM afanTalMM YITydyIIaeT KauyecTBO >KU3HM MALMEHTOB C HMIUIAHTUPYEMBIMU KapAHOCTUMYISTOPAMHU.
OnHako, TOYHOCTb COBPEMEHHBIX AJTOPHUTMOB HE SIBISIETCA IOCTATOYHOM ISl MOJHOLEHHOHN >KM3HU manueHToB. [lokasan
HOBBIH alTOPUTM JUIs BEIOOpa (pr3nueckoi akTUBHOCTH 110 JAHHBIM aKCelIepoMeTpa.
Kniouesvie cnoea: 4acToTHas afanTalys, KapIUOCTUMYISATOP, aKCETEPOMETP.

25(83)

Multidiagnostics study of postoperative cognitive disorders

Tatiana Istomina, Aleksey Safronov, Leonid Krivonogov, Sofia Karpitskaja, Mihail Kramm,

Nikita Kosenok and Elena SHACHNEVA ................c.occcueecieeieieeeeeeeeetesteeette st e e teesae e st esstesteessseanseessaeesseesssesnseesssesnseenssesseenseeanes 28(86)
MyJIbTHAHATHOCTHYECKOE HCCJIEI0BAHNE MOCIe0NePANMOHHBIX KOTHUTHBHBIX PaccTpoiicTB
Hemomuna T.B.', Cagpponos A.1.%, Kpusonozos J1.I0.3, Kapnuykas C.A.?, Kpamm M.H.*,
Kocenox HIO.., Illaunesa E.A.?
! Tlen3eHCKuMii rOCYapCTBEHHBIN TEXHOJIOTHYECKHI YHUBEPCUTET
2 [leH3eHCKUI MHCTUTYT NOBbILICHYs KBanudukauu Munucrepersa 3apaBooxpanenus Poccuiickoii Oenepanuu
3 TleH3eHCKUit TOCYIAPCTBEHHBINA YHUBEPCHTET
4 MOCKOBCKHI SHEPTETHYECKUIA HHCTUTYT
ITpoBeneHo wuccnenoBaHHe HHPOPMATHBHOCTU KOMIIBIOTEPHOIl crabmiiorpaguu COBMECTHO C 3yeKTpokapauorpadueit mis
H3y4YeHHs IpPOSBIECHUI IIOCIEONEepalMOHHON KOTHHTHBHON MUC(YHKIMM ¥ IIOMCKAa aIeKBaTHOW aHECTE3WH. Pe3ynbTaThl
HCCIIEA0BAHUN TOATBEP MM BO3MOXKHOCTD HCIIOJIb30BaHUs CTAOMIOTpadiy B Ka4eCTBE HCTOYHUKA KOJIMYECTBEHHBIX JaHHBIX
0 KOTHUTHBHOH JUC(YHKINM U MHCTPYMEHTA I ONTHMHU3ALUK aHECTE3UH MPH JIANapOCKOITMYECKOH X0NeUCTIKTOMUH.
Knioueswvie cnosa: crabunorpadust, anekTpokapanorpadus, mocieonepanioHHasi KOTHUTHBHAS AUCHYHKIHS.

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

Andrey Briko, Chvanova Julia, Alexander Kobelev and Sergey SHCHUKIN ................cccocoviviiiiiiiniiniiniiiiiiiiiiieenieiceese e 32(90)
OneHka BJIMSTHUS CHJIbI IPHKATHS 3JIEKTPOIHOI CHCTEMBI HA CHTHAJIBI HeHPOMBIIIEYHOH AKTHBHOCTH
bpuxo A.H., Ysanosa I0.A., Kobenes A.B., LL{yxun C.H.
MI'TY umenu H.D. baymana, Mocksa, Poccus
IIpencraBiieHO cpaBHEHHE TPEeX OCHOBHBIX METOJOB PETHCTPALUM HEHPOMBIIICYHOH aKTHBHOCTH HMOCPEICTBOM PETHCTPAaLUH
3JIEKTPOMHUOTPAMMEI, CUTHATa OHOMMIIEaHCa 1 MHOTOHHYECKOTo curHaia. OIEeHeHO BIMSHHS CHIIBI MPYDKATUS DIIEKTPOJHOM
CHCTEMBl Ha CHMTHaJbl HEHPOMBIIICYHOH AaKTUBHOCTU. M3MepeHHs NMPOBOAWIMCH IPH M30METPHYECKOM CXBATKE Ha CHELU-
AJIbHOM CTEHJIe, KOHCTPYKIHUS KOTOPOTo ONHUCaHa B paboTe.
Kniouesvie cnosa: curHambl HEHPOMBIIIEYHOH aKTHBHOCTH, JIEKTPOMHUOTpadus, OHOUMIIEJaHC, MHOTOHUYECKUIT METO, Chila
HPIKATUS DIIEKTPOJIOB, H30METPUUYECKHIT CXBAT, CTEHJI 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 .............cccocoevuiviriiiniiiiiiiiesieitesteeeete sttt sttt sttt 36(94)
Ba3a Bugeon3o0paskeHuii ML NAHEHTOB ¢ PACCTPOMCTBAMHU MIM30(PEHHYECKOr0 CIIEKTPA U KOHTPOJIbHOI IPYyIIIbI
Jlamvuuesa E.JO.!, [Tununenxko M.H.!, Boiiko A.A.', Camopooos A.B.!, Omenvuenxo M.A.?,

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

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

2 HLIIT3

Pazpaborana 0a3a Bupeom3oOpaxKeHHH JIMI{ MAI[UEHTOB, OOJBHBIX PAaCCTPOWCTBAMHU IIH30(PEHUYECKOTO CIIEKTPa, a TaKkKe
rpynnel HOpMbl. JlaHHBIE 3a00/€BaHUs XapaKTePU3yIOTCS HETaTUBHBIMU CHMITOMAaMU B TOBEJCHHM, a UMEHHO B JIMIEBOH
skcnpeccun. Onucana mpoLexypa perucTpaluy BUACON300paskeHUH, yKa3aHbl KpUTEPUH 0TOOpa y4aCTHHKOB HCCIIEIOBaHNS,
MIPE/ICTaBJICHa OIEHKA KauecTBa PyYHOH aHHOTAIUU Oa3bl.

Kniouesvie crosa: n3obpaxenue, 1Mo, 6a3a JaHHBIX, TU30(QPEHUS.




Artificial Muscles with the Possibility of Application in Medical Practice

Levan Ichkitidze, Sergei Selilshchev, Alexander Gerasimenko and Natali Demidenko
HckyccTBeHHbIE MBIIIIBI ¢ BO3MOKHOCTBIO TPUMEHEHUs B MeUIUHCKOI NMPaKTHKe
Huxumuose JLII., Cenuweg C.B., I'epacumenxo A.FO., Jemuodenxo H.A.
HammonanbHeli nccnenoBatenbckuil yHUBepeUTeT «MOCKOBCKUN MHCTHUTYT 3J€KTpOHHOH TexHukm» (HUY «MUDT»),
3enenorpan, Poccust
IIpoanami3upoBaHbl Hay4yHble UCTOYHHMKU OTHOCHTEIBHO HCKYCCTBEHHBIX MBI K IIPUBOJOB HA OCHOBE MHOIOYMCIICHHBIX
MaTepUaioB 1 HAHOMATEPUAIIOB ¢ BO3MOXKHOCTBIO IPHUMEHEHHS B MEIUIIMHCKOMU MpakTuKe. OTMEYEHO, YTO UCKYCCTBEHHBIE MBIIIIIIBI
U3 YTIEpOIHBIX HAHOTPYOOK M HAHOMAaTEPUAIOB HAa MX OCHOBE MOKA3BIBAIOT MpHEMIIEMbIE (DPH3UKO-MEXaHUUECKUE TapaMeTpsl, HO
TpeOyIOT yCTpaHEHHs HEIOCTATKOB: BBICOKAs CTOMMOCTb, HU3Kasl HA[Ie’KHOCTh, HU3Kas CTETIEHh OMOCOBMECTHMOCTH.
Knioueswie crosa: mpUBOJBI, HCKYCCTBEHHBIE MBIIIIIBI, yAETbHAS MOIIHOCTh, HAHOMATEPHAIIBI, YTIEPOAHbIE HAHOTPYOKH, O1O-
COBMECTUMOCTb.

38(96)

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 ..................cccccoocvevcvecniniinincceoncninenns 42(100)
Onrumu3zanus NpoGUIAKTHKH KPUTHYECKON HIIEMUH HUKHUX KOHEYHOCTell HAa 0CHOBE HeYeTKUX MojJeeil
OLICHKHU TMHAMMKH 3200/1eBaHHS
Buikoe A.B.!, Kopenescxuii H.A.%, Ilapxomenko C.A.3, Xpununa U.H.?
! KoncynbratupHas kiuHuka BMY «Kypcekas 061acTHast KIIMHAYECKas GOJbHULIA
KoMuTeTa 3apaBooxpanenus Kypckoit obmactu, Kypek, Poccust
2®r'bOY BO «I0ro-3anaubiii rocynapcTBeHHbii yuusepeure, Kypek, Poccust
3®I'BY «3 lenrpanbubii Boennsiii Kimmanueckwmii l'ocnurans uM. A.A. Bumnesckoro», Mocksa, Poccust
ITomy4yeHs!l MaTeMaTHYECKHE MOJAENH ISl IPOTHO3a AMHAMHMKU Pa3BUTHs KPUTHYECKOH MIIEMHH HIXHUX KOHEeYHOCTel. Pas-
paboTaH adropuTM BEIOOpA ONTHMAIBbHBIX MPEBEHTUBHBIX Mep. [loka3aHa BO3MOMXKHOCTh YMEHBILIEHUS KOINYECTBA aMITyTaluii
HIDKHUX KOHEYHOCTEH y MaIMEHTOB, KOPPEKIIUH T€MOPEOJIOTHU U YMEHBIIEHHS TSKECTU COCTOSTHUSL.
Knioueswie cnoea: rubpuaHble HEUYETKHE MOJIEIH, MOJEIb IPUHATHS PEIISHHUs, KPUTHUECKAs HIIEMUS HIDKHUX KOHEYHOCTEN.

Arrhythmia Analysis in a Non-contact cECG Chair using Convolutional Neural Network

Anake Pomprapa, Waqar Ahmed, André Stollenwerk, Stefan Kowalewski and Steffen Leonhardt ................cccccccovvvcovcvncinncnncns 45(103)
Hccaenopanue apurvuu Ha JKI', 3aperncTpupoBanHoii 0¢CKOHTAKTHBIMH €MKOCTHBIMH 3J1¢KTPOJAMH,
€ HCIO0JIb30BAHNEM CBEPTOYHBIX HEeliPOHHBIX ceTeii
Homnpana A., Axmeo B., LLImonnensepx A., Kosanescxu C., Jleonapo C.
Peitncko-BecTdanbckuii TeXHUUECKU yHUBEpCUTET AaxeHa
Jnst kmaccuUKanuy apUTMHYIECKUX COCTOSHHMI Ha YEeTHIpe OCHOBHBIE KaTErOpPHU IPHMEHEHA IIECTHCIIONHAs CBEPTOYHAS
HeWpoHHas ceTh IITyOHMHHOTO 00ydeHus. [IpoxeMOHCTpHpOBaHa BO3MOXHOCTD OTCIEKUBAHUS M KITACCH(PHUKAILINU apUTMHIEC-
KOTO COCTOSIHHSI €MKOCTHBIMH OSCKOHTaKTHBIMH JIEKTPOJAMH B pealbHOM MacIITade BPEMEHH C MCHOIb30BaHHEM apXUTEK-
TYpbI OCIIEJOBATEILHOTO aHAIIM3a, OCHOBAaHHON Ha OaHKEe GMOPTOTOHATBHBIX BEHBIIETOB.
Kniouesvie cnosa: ananus 31neKTpOKapIUOrpaMMbl, OECKOHTAKTHAs 3JIEKTPOKApANOrpadus, eMKOCTHBIC ICKTPOIbl, CBEPTOY-
Hast HEHPOHHAsI CeTh, CepAeTHast apUTMUSL.

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)
OOHnapy:keHHe allHOD 0€CKOHTAKTHOI MY/JIbTHCEHCOPHOI CHCTEMOI
€ HCIO0JIb30BAHNEM AJITOPUTMOB ITyOHHHOTO 00y4YeHMsI
THomnpana A.!, Caanmu M.C.", Ansap T.?, IlImonrensepx A.3, Kosanescku C.3, Jleonapo C.!
! Peitncko-BecTdanbekuii Texuuueckuii yausepcureT Aaxena, I'epManus
2 Texnonorudeckuil yuusepcurer Ilerponac, Ilepak, Manaiizus
3 Peiincko-Becrdanbckuil Texauueckuil yaupepeuter Aaxena, [epmanus
Jnst oOHapyXeHHS armHo® Ha [aHHBIX, MOJIYYEHHBIX y IISITH 3[0POBBIX JOOPOBOJBIEB, IPHMCHEHAa TMOpPHIHAS MOJEIb
TIIyOMHHOTO OOY4YeHUsI, OCHOBAHHAs! HA CBEPTOYHON M PEKYPPEHTHON HEHpOHHBIX ceTsx. [IpogeMoHCTprpoBaHa BO3MOXHOCTD
OOHapyXeHHsI alHOd TIPEIJIOKEHHONH OSCKOHTAKTHOH MYJIBTHCEHCOPHOW CHCTEMOH C IIOTOKOBOH M IaKeTHOH 0OpaboOTKOM
JAHHBIX B PeaJbHOM MAacCIITabe BPEMEHH C HUCIIOIb30BaHUEM JIIMOa-apXUTeKTyphl. CucremMa MoXKeT OBbITh HCIIOIb30BaHa AJIs
0OHapyXKEHHs SKCTPEHHBIX COCTOSHUI WITH IS IOJITOCPOUHOM AMarHOCTHKH.
Kniouesvie cnoea: cBepTodHas HEHpOHHAs CETh, PEKyppEHTHAas HEWPOHHas CETh, JIIMOAa-apXUTEKTypa, CHHIPOM OOCTpYK-
THBHOTO aITHO? BO CHE, HH/AEKC allHO3-THIIOIHO?, HHJEKC JbIXaTebHOM HEOCTaTOUHOCTH.

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

Souransu Nandi, Ye Zhan, Jun Xia, Tarunraj Singh and Lucy Mastrandrea ....
HennBa3uBHasi oneHKa ypoBHSI IUTIOKO3bI, OCHOBAHHAS HA CIIEKTPOCKOITHH
B OunmzkHeilt HHPaKpacHoii 00,1aCTH U 3X0-MMITYJIbCHOM YJIbTpa3ByKe
Hanou C., XKan U., 3ua [xc., Cune T., Macmpanopea J1I.

..53(111)




VYuusepcuter baddarno, bapdamo, CIITA

IIpemnosxeH MeTo]] HEMHBA3UBHOM OIIEHKH YPOBHS TJIIOKO3BI, OCHOBAaHHBIN Ha JBYX CHoco0ax M3MEpEHHs IS YBEIMUCHHS
TOYHOCTH. B X0I€ 3KCIEepHMEHTAIBHBIX HCCICIOBAHMAX iN-Vitro TOKAa3aHO, YTO IPEAJIONKEHHBIA METOA HMOTEHLHAIBHO
00J1afaeT HaMJTy4IIUMH XapaKTePUCTUKAMH CPEAN aHaJIOTroB. JIJIst OLIGHKH YPOBHS TJIIOKO3bI HCTIONB30BAHBI MOJICIH JIMHEHHON
perpeccuu u rayccoBa mporecca, ¢ MocjaeayiomuM 00beAMHEHHEM pe3yIbTaToB. PaboTa sBIseTcss OCHOBOM JUIsl JasbHeHIIero
MIPOBEAEHHS SKCIIEPUMEHTOB in-Vvivo.

Knioyesvie cnosa: oueHKa ypOBHS TIIIOKO3BI, CIIEKTPOCKONHS B OJpKHEH WH(ppakpacHOH 0O0JIACTH, 3XO-MMITYJIBCHBII
YJIBTPa3BYK, JIMHEIHAs perpeccust, rayccoB IpoLecce.
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Development of Software System for Restoration of Mimic Activity of Patients with Aphasia

Anastasia Polishchuk and Irina APOIIOROVA ...............ccccoueuiiioiiiieie ettt ettt e bttt e et se bt b et e e e eneeeene 1
IIporpaMMHBIii KOMILIEKC AJ151 BOCCTAHOBJICHHSI MUMHYeCKOi aKTHBHOCTH Npu ada3znn
Honuwyx A.A., Anonnonosa H.A.
MI'TY umenu H.3. baymana, Mocksa, Poccus
IIporpaMMHEIN KOMIIIEKC NpeaHA3HAYeH Ul BOCCTAHOBIICHUS PEYM U MUMUYECKOH aKTHBHOCTH Y NAIMEHTOB, MEPEHECHINX
3aboJieBaHms, CIOCOOCTBYIONME pa3BUTHIO adasun. [IpencraBieHs! TpeOOBaHUS K MAKCUMAIBHOH JOITYyCTHMOI TOTPEITHOCTH
MPH aBTOMAaTHYECKOH pacCTAaHOBKE KOHTPOJIBHBIX TOYEK, OL[EHKE TMPABUIIBHOCTH U Pab0TOCIIOCOOHOCTH BEIOPAHHON METOMUKH
JIeYEHHSI.
Knioueswvie cnosa: MHCYIbT, peaOMINTAIMS, KOHTPOJIBHBIE TOUKH, adasnsl.

Development of algorithm for HR determination for athletes

TVING A. KUSPAKINQ ...ttt ettt bttt s a e e st e bt s a et e bt et eh e et e sb e et e e bt esbesbeeb b e bt easenteeseebesanennenne 4
Auaroputm onpeneienuss YCC piist cnoprcMeHOB
Kyzaxuna U.A.
MI'TY umenu H.3. baymana, Mocksa, Poccus
IIpencraBnennsiii anroputm omnpexenenus YCC npeaHasHaueH Ui OMpPEASNICHUs] OCHOBHOTO TapamMeTpa OLEHKH (yHKIHO-
HaJTbHON MOATOTOBJIEHHOCTU CIOPTCMEHOB B PEXUME PEalbHOTO BPEMEHM B YCIOBHUSX CIOPTHBHOH apeHsl. OleHKa mapa-
MeTpa NPOUCXOAUT METOIOM 3JIEKTPOUMIICAAHCHOH peorpaduu. DPHEeKTHBHOCTh M TOUHOCTD AITOPUTMA MOATBEPIKAACTCS Ha
peaNbHbIX CUTHANIAX.
Kniouesvie cnosa: GyHKIMOHANBHAS IOATOTOBICHHOCTD, peorpadusi, 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,
Nikita Chernomyrdin and Kirill Zaytsev ...
KiimHn4eckue NPU3HAKA PAa3JIMYHBIX THIIOB IUTMEHTHBIX HOBOOOPA30BAHU KOKH
B PaHHel JUAarHOCTHKE C 1eJIbI0 BhISIBJICHHUS MPeIPAKOBBIX H3MEeHEeHH I KOKH
Pumckaa E.H.!, Anoanonosa U.A., Huxonaes A.I1., Kyopun K.I". %, Yepromwipoun H.B.",
Pewemos U.B.?, 3aiiyes K.1.°
' MI'TY umenu H.D. Baymana, Mocksa, Poccust
2 HOKI] nnactuueckoii xupypruu [BOY BITO IlepBblii MOCKOBCKHI TOCY1aPCTBEHHBIH MEIMIMHCKUI YHUBEPCUTET
um. .M. CedeHosa
3 O® PAH um. A M. TIpoxoposa
Cpenn Bcex HOBOOOpa30BaHMI KOKH 0c000e BHAMAHHE Y/ACIISETCS MeJaHOME HM3-3a ee KpalHel arpeccHBHOCTH. I10CKOIBKY
3¢ PEKTHBHOCTD JICUSHUS] MEJIAHOMBI CHJIBHO 3aBHUCUT OT €€ paHHEeH JHAarHOCTHKHU, Pa3pabdOoTKa HOBBIX BEICOKOA((EKTHBHBIX
METO/IOB PaHHETO BBISABJICHUS JUCIUIACTHYCCKUX HEBYCOB M MEJIAHOMBI KOXKH in Sif OCTAaeTCs KpaiiHe akTyalbHO# npo0iemoit
COBPEMEHHON MEJMIMHBI, IPUKIAHON (QU3MKH ¥ WHXKEHEPHBIX HayK. I[IepCreKTUBHBIM MyTeM MOBBIMIEHHS 3()PEKTHBHOCTH
paHHEH HEMHBA3WBHOI MarHOCTHKHM MENAHOMBI BIISIETCS HCIIOJIb30BaHHE aBTOMATU3UPOBAHHBIX KOMILUIEKCOB, YTO MO3BOJISIET
OIIpeReATh KIMHNIECKAE MPU3HAKN MTUTMEHTHBIX HOBOOOPa30BaHUH KOXKH, OCHOBBEIBASICH HA aHAM3€ JAaHHBIX KIIMHUYECKOH
JTMaTHOCTHKH.
Kniouegvie cnosa: NUrMeHTHbIE HOBOOOPA30BaHUH KOXKH, KIMHUYECKHUE IPU3HAKH, MEJTAHOMA, IUCIIIIACTHYECKHIT HEBYC.

Effect of temperature on electrical cell conductivity of human erythrocytes

Chadapust Sudsiri and Raymond Jame RitCRIE ..............c.coccoeouioiriiiiiiniiiiiiiieieeteeeeete ettt ettt sttt st neene 8
BinsiHne TeMIepaTyphl Ha 3J1eKTPHYECKYI0 IPOBOANMOCTb IPUTPOLNTOB YeJI0BeKa
Cyocupu Y./]xc., Pumuu 3. [orc.
Yuusepcurtet Ilpunna Conrkna, Taltnana



IIpoBeneHo ucciepoBaHue LUTOIIA3MATHYECKON AJIEKTPUUECKON MPOBOJUMOCTH SPUTPOLUTOB YesOBeKa MPU pa3HOMl TeM-
nepatype. JlaHa dKCIIepUMEHTANbHAs OLICHKA 00beMa KICTKH M COJICpIKaHMs KICTOYHOW BOJBI B 3aBHCUMOCTH OT TEMIIEpary-
PBI, IO KOTOPBIM OBLT BBIMOJIHEH PacdyeT HUTOIUIA3MaTHYECKON 3IIEKTPUUECKON MpoBoIUMOCTH. [loka3aHo, 4To HUTOMIa3MaTH-
YyecKas JJIeKTpUUECKas IPOBOJUMOCTh SPUTPOIIMTOB MOXET ObITh OLIEHEHA HE3aBUCHMO OT HCCIECJOBAHMS IUINEKTPUUYECKUX
CBOMCTB KJIETOK.

Kniouesvie crosa: nuronnazMaTudeckas 3J€KTPOIPOBOIHOCTh, TEMIIEpATypHast 3aBUCHMOCTh, SPUTPOLUTHI, 00BEM KIICTKH.

Development of the infrared images processing algorithm for the automatic detection

of the early stage of periodontal disease

Leonid Akulenko and Alexander KOIDAKOV ................ccccoeouiiiiiiiiiniiiiiiiiiieseeete ettt sttt st 12
Pa3pa0oTka aaropurMa aBTOMaTH4Y€CKOro 00Hapy:KeHUsI PAaHHEH CTaAuu BOCHAJCHUS
MSTKHX TKaHeill MapoJoHTa Ha HH(PAKPACHBIX H300paKEHUSIX
Axynenxo J1.O., Konnakos A.B.
MI'TY umenu H.D. baymana, Mocksa, Poccus
IIpencraBiieHs! pe3ynbTaThl UCCIER0BaHHS d(PPEKTHBHOCTH METOJIOB CETMEHTAIMU 0YaroB BOCIIAICHMS, a TAKXKE PE3yIbTaThl
OLICHKM Ka4yecTBa aJTOPUTMa aBTOMAaTHYECKOTO OOHApyXEHHs OYaroB BOCIAJEHUS MSITKUX TKaHEH MapoJoHTa Ha MH(pa-
KpacHBIX N300paskeHUSIX.
Kniouesvie cnosa: BocnaneHne napoaoHTa, paHHsS CTaaus, HHppaKpacHble H300paXKeHHs, aBTOMAaTHIECKOe 0OHapyKeHHUE.

Algorithm for one-axis receiver of magnetic positioning system

Elena Gerken and Valery GFECHIKRIN .............ccccocoovuiriiiiiiiiirei ettt sttt ettt a e bttt sbt et s bt et esteeste st e bt etesaeens 14
AJTOpPUTM Onpeie/ieHHs] 1 OPHEHTAIMH OJHOOCHOT0 TPHEMHHKA CHCTeMbl MATHUTHOTO TO3ULHOHHPOBAHMS
T'epxen E.A., I peuuxun B.B.
IOxHO0-Poccuiickuii rocynapcTBeHHbIH monurexandeckuii yausepcuteT (HITW) nmenn M.U. ITnatosa
CucreMbl MarHUTHOTO NO3UIMOHMPOBAHMS BKJIIOYAIOT MOJBUKHBINA MPUEMHUK, OCYILECTBIIONUN U3MEPEHUE OPTOrOHANb-
HBIX KOMIOHEHT MarHHTHOTO TIONsl B HccieayeMoit obmactu. B paboTe peann3oBaH anropuTM ONpPEAENEHUS MONOXKEHHS H
OpHEHTAallH OJJHOOCHOTO MPHEMHUKA B TPEXMEPHOM IPOCTPAHCTBE B pearbHOM BpeMeHH. IlokaszaHo, 4TO rabapuTHbIE pas-
MepbI MPUEMHHKA MOT'YT ObITh MUHUMU3HUPOBAHbI 0€3 MOTEePH TOYHOCTH U3MEPEHUSL.
Kniouesvie cnoea: cucTeMbl MArHUTHOTO TTO3HIHOHUPOBAHMUS, OJTHOOCHBIN MPUEMHHK, MATHUTHBIN TTOTOK.

Computational modelling of electroaerosol flows during external therapy

Valeriy Karpukhin, Kristina Mustafina and Georgy KIIMIASRVILD .............cccccocviiriniiiiiiiiiiiiininiieteteteeseeee ettt 19
MaremaTH4ecKkoe MOAeTHPOBAHNE MOTOKOB JIEKTP0AP0301eii MPH JIeHeHHH 05K0T0B
Kapnyxun B.A., Mycmaguna K.C., Knumuaweunu I'.C.
MI'TY umenn H.D. baymana, Mocksa, Poccus
OO0ocHOBaHA aKTyaJbHOCTh pPa3pabOTKM ammapaTa MECTHOW 3JIEKTPOa’pO30JbHOM TEpalmuu OXOIoB, 00ECIeYHBAIOIIEIO
HAIPaBJICHHBIH TOTOK 3JIE€KTP0a’po30is Ha OXOT U TO3BOJIAIOIIETO PETYIHPOBATh €ro CKopocTh. MccienoBaHo BIHSHHE
rapaMeTpoB pabouell kKaMepsl Ha MOTOK C LENbI0 MOBBIMEHUS d(dexTnBHOCTH Tepanuu. Pa3spaboTaHbl reoMerpudeckas H
MaTeMaTHdIecKast Moienu padoydeil kamephl. B pe3ynbraTe BBIYUCIUTEIBHOTO SKCIIEPUMEHTA OIIpe/ielIeHbI TapaMeTpsl paboueit
KaMepbl, IIPH KOTOPBIX JOCTUTaeTCs MaKCHMAaJIbHBIHN MTOTOK.
Knioueswvie cnosa: a3po30ib, AJIEKTPOa’IPO30IIb, 0IKOTH, MOICITHPOBAHHE.

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

Irina Khaydukova, Arina Rezvanova, Nikita Belikov and Gennadiy SAVIASOV..............ccccccuivviriiiviniiiiiiniieesieeeieseeese e 22
IKcnepuMeHTaIbHOe HCCIe0BAHNE MeXaHHYeCKHUX CBOWCTB MaTepHaIoB /s (H3MYeCcKOro Mo THPOBAHUS TKaHel
Xatioykosa U.B., benuxos H.B., Pezsanosa A.M., Caspacog I'.B.
MI'TY umenu H.3. baymana, Mocksa, Poccus
Meron ¢u3mueckoro MoAeNMPOBAHUS IMO3BOJISIET O0Jiee TOYHO OIEHHTHh BIMSHHE XUPYPIHIECKOTO JICUSHUS Ha TKaHU IO
CPaBHEHHUIO C aHAJIUTHYECKUM U KOHEYHBIM 3JIEMEHTHBIM MojenuposaHueM. Hanbonee TouHOe MOAEIMpOBaHHE MEXaHUYEC-
KUX CBOMCTB OHOIOTMYECKOH TKaHM BO3MOXKHO IyTeM BbIOOpa Hambolee TMOAXOJMIETO MaTepHana OIpeeTIeHHON
KOHIeHTpaluy. MccnenoBana 3aBucuMocTh MoAynst FOHra oT KOHIIEHTpaluu AJs JKelaTuHa M CHIMKOHA. JlaHHBIE JUIS BCeX
KOHIIEHTpanui ObIIM aNIpOKCHMHUPOBAHBL. Pe3ynbTaTsl MO3BOJSIOT GOJee TOYHO BHIOMPATh HEOOXOAMMYIO KOHIIEHTPAIUIO
JUISL MOJIETTNPOBAHMSI KOHKPETHOH TKaHU.
Knrouesvie cnosa: Gpuzngeckas Mozielb, MEXaHHUECKUE CBOHCTBA, (JaHTOM, OZJTHOOCHOE PACTSKEHHE, CUITMKOH, KEIaTHH.

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.ccccceiriiiriiiiiiiiiiiisieeieeieee sttt 26
Ioaxoa k HHAMBHAYATLHOMY MOJEJIHPOBAHHIO TeMOANHAMHKH y MANHEHTA
¢ y4eToM OMOMeXaHHYeCKHX CBOICTB lepedpaibHOii apTepuun
@ponos C.B.!, Cundees C.B.., [lomnoe A.10.!, Jlunw JI.>
! TaMGOBCKHMI IOCYAPCTBEHHbIN TEXHUYECKAUN YHUBEPCUTET



2 VHUBEPCUTET NPUKIAIHBIX HAYK MIOHXEHA

IIpencraBiien HOBBIM MOAXOJ K NMANMEHT-3aBICHMOMY MAaT€MaTHUECKOMY MOJEIHPOBAHHIO T€MOIWHAMHUKH C yIeTOM HHAU-
BUJyallbHbIX OMOMEXaHHUECKHUX CBOIMCTB CTEHKH IiepeOpaibHON apTepuH, MOIyYaeMBbIX in Vivo C UCIIOIb30BAHHEM ONTHYEC-
KOH KOrepeHTHOH 3nactorpaduu. PasBuTHe 1moaxo/a MO3BOJIUT MCIOIb30BATh €ro IS IOBBIIICHUS KauecTBa UCCIIEOBAHUS
aHEBPU3M IiepeOpabHON apTepuH.

Kniouesvie cnoea: MHAMBUIYalbHOE MOJIEITHPOBAHUE TEMOANHAMUKY, LiepeOpalbHast apTepus, anactorpadus.

Neural network approach to cell segmentation in immunocytochemical study

Dmitry Parpulov, Andrey Samorodov and VIadimir IIOVIKOV ..............c.ccocvviriininiiiiiiiiiiiiininicitctetee sttt 30
HeiipoceTeBoii 10aX0/1 K cerMeHTALIMH KJIETOK HA H300pa’KeHUAX HMMYHOUHMTOXHMHUYECKHUX NPENapaToB
Hapnynos J1.4.", Camopooos A.B.!, Hznoeuxos B.1U.?
' MI'TY umenu H.D. Baymana, Mocksa, Poccust
2 Lyft Inc., San Francisco, CA 94107, USA
[IpensnoskeH anropuTM K CErMEHTAlMM KJICTOK Ha M300paKCHHSAX MMMYHOLUTOXMMHYECKHX IPENapaToB, OCHOBAHHBIH Ha
CBEPTOUYHBIX HEHPOHHBIX CETSAX, MPEJCTaBISIIOMMI COOOH CBEPTOUHYIO CETh apXUTeKTypel U-net ¢ IpenoOydeHHBIM
sHKoziepoM. [TokazaHo, 94TO ero nmpuMeHeHHe MO3BOJISET YIIyUIINTh METPUKH CeTMEHTaIMH (B YacTHOCTH, ko3¢ ¢unueHT Dice
M 9acTOTY JIOXKHOTO OOHApYKEHHs KJIETOK) 110 CPAaBHEHHUIO C KJIACCHUECKUM 0a30BBIM aJITOPUTMOM CerMeHTanuu. Brenpenue
HPEIOKEHHOTO AJITOPUTMA TT03BOJIAET YIIPOCTUTH paboTy marojora no onpenenennio HER2/neu craryca omyxonu.
Knioueswvie cnosa: cerMeHTanust KIETOK, TITyOOKHE CBEPTOUHEBIE HEHPOHHEIE CETH, aHAIN3 H300pakeHHUI.

Display Interfaces for the Control Unit of an Implantable Cardiac Pump

Ilya N. Rodionov, Igor V. Nesterenko, Dmitriy V. Telyshev, Ivan A. SGpozhkov ..........c.ccccoovivviiviniiniiniiiiniiieieseeeeeeeneeese e 33
HnTepdeiics! auciuies 0J10Ka ynpaBjieHHs] HMILIAHTHPYEMOr0 KApAUOMOHHTOPA
Poouonoe U.H., Hecmepenko U.B., Tenviwes /].B, Canooicrxos U.A.
HanmonaeHBIH Hcce10BaTeNbCKUH YHUBEPCHTET «MOCKOBCKUH HMHCTUTYT 2IeKTpoHHOI TexHukm» (HUY «MUDT»),
3enenorpan, Poccus
B npornecce pa3paboTky kKapAHOMOHUTOPA HAKJIAbIBAIOTCS PA3INUHbIE OTPAaHUYEHUS U TPEOOBAHNUS Ha TaKHe MapaMeTphl, Kak
noTpelieHue 3Hepruu, 00beM BBIBOAUMON MHGOPMAIMHU U T.A. B COOTBETCTBHY C MOCTABICHHBIMH 3aJauaMi Pa3paboTYHKy
HEOOXOIMMO NPHHATH ONTUMAIBHO PEIIeHHUE IIPU BEIOOpE ammapaTHBIX KOMIIOHEHTOB. [Ipu paboTe ¢ rpadudeckuM aucieeM
ompenensieTcst HHTepQeiic, KOTOPBIH OyIeT NCIIOIb30BaThCS JUI IIepeiadll JaHHEIX. B pabore mpoBoautcs ananu3 Hanboiee
YacTO HCIOJIL3yeMBIX MHTep(eiicoB mIs rpaduuecknx IWCIIIeeB, Ha OCHOBE KOTOPOTO MOXKHO IIPHHSTH pEIIeHHE, KaKoH
MPOTOKOJI BBIOPATH, IPH TEX WIIH UHBIX MOCTABJICHHBIX TPEOOBAHUAX.
Kniouesvie cnosa: rpadudeckuii ucIuIeii, IMHA JAHHBIX, KAPAUOMOHUTOD, apajlIelIbHbIC H OCIeI0BaTeNbHbIe HHTEpdEIicH,
RGB unTepdeiic, nepenava JaHHBIX.

Closed-loop system for blood glucose level control

Evgeniia Litinskaia, Kirill Pozhar, Nikolai Bazaev, Pavel Rudenko, Viktor Grinvald and Andrey Chekasin ............c..cccocvvvenennnne. 36
Cucrema ¢ 00paTHOM CBA3BIO /18 KOHTPOJISI YPOBHS KOHIEHTPALIHMH [VIIOKO3bl B KPOBH
Jlumunckas E.JL, Ioocap K.B., bazaes HA., Pyoenxo I1.A., [ puneanvo B.M., Yexacun A.U.
HanmonaneHbIH Hccne1oBaTeNbCKIH YHUBEPCHTET «MOCKOBCKIH MHCTUTYT 3IeKTpoHHOH TexHukm» (HUY «MUIT»),
3enenorpan, Poccus
[IpencraBnena 3aMKHyTas cucTeMa ¢ OOpaTHOM CBs3bI0, MO3BOJIIOIAs aBTomaruuecku noxanepxkuBate KI'K B mpumenax
(GU3HOIOTMYECKO HOPMBI C MHHHMAIbHBIM y4acTHeM mnanueHnTa. CucTeMa OCHOBaHAa Ha IOMIIOBOW HHCYJIMHOTEPANUU H
HenHBaznBHOM MoHHTOpHHTe KI'K criekTpockonnyeckum MeTonoM Ha Mouke yxa. O6patras cBsi3b o KI'K ocymectensercs ¢
TTOMOIIBI0 KPAaTKOCPOYHOTO MPOTHO3UPOBAHUS, 3aJadeli KOTOPOTO SIBJISACTCS OOHApY:KEHHE M KOPPEKIHS OMIHOOK B padoTe
Hacoca MHCYJIMHA WK TIIOKOMETPA, a TAKXKe pacuéT peKOMEHIyeMOil 1036l BBOAMMOTO MHCYJIUHA.
Kniouesvie cnosa: caxapublii 1ualer, 3aMKHyTasi CUCTeMa ¢ OOpaTHOM CBSI3bI0, KOHTPOJb YPOBHS IJIIOKO3bl B KPOBH, HHCY-
JIMHOTEpAIus, HEMHBA3UBHBIH [IIOKOMETP, KPaTKOCPOYHOE MPOTHO3UPOBAHUE.

Effect of thrombus formation on heat emission in Sputnik RBP

Andrey Porfiryev, Dmitry Telyshev, Aleksandr Pugovkin and Sergey Selishchev ...
Bansinue TpoM60006pa3oBaHus Ha TEIJIOr¢HEPALHMIO POTOPHOIO Hacoca KPoBH «CILyTHHK»
THopgupves A.O., Tenvuues /.B., Ilyzosxun A.A., Cenuwes C.B.
HanmonaneHbIH Hccne10BaTeNbCKIH YHUBEPCHTET «MOCKOBCKUH MHCTUTYT 3IeKTpoHHOH TexHukm» (HUY «MUDT»),
3enenorpan, Poccus
IToka3aHo ompeneneHHWe XapakTepa TEIUIOBBIAEIECHHS IPU TpomOO3e ammapaTa BCIIOMOTATENBHOTO KPOBOOOpAILEHUS.
MogenupoBaHue pa3IMYHBIX COCTOSHHH CHCTEMBI OCYIIECTBIISUIOCH ITyTEM BapbUPOBAaHMS YACTOTHI BpAIleHMS Hacoca,
HM3MEHEHUs paboueil )KUIKOCTH ¥ MECTOIOJIOKEHHS TpoMO00Opa3oBaHuil. Pe3ynbraTsl KoeOaHus TeMIIepaTypsl, HOITydeHHEIE
C MTOBEPXHOCTH HACOCA, O3BOJIIOT ONPEAEIUTh HAININE U PACIION0KEHHEe TPOMO00Opa3oBaHHsI.
Kniouesvie crosa: Tennorenepanusi, poTopHsIi, TpoMO000Opa3oBaHue Hacoca.




Surgery in the year 2030: Surgery 4.0?
Hubertus Feussner and Dirk Wilhelm ...
Xupyprus B 2030 roay: Xupyprus 4.0
Deccuep I'., Bunveenom /.
TexHuueckuil yHuBepcureT MioHxeHa
PaccMOTpeHBI COBpeMEHHBIE HAINpaBICHUS Pa3BUTHS XHPYPIMYECKHX BMeIMIATeNbCTB. [loka3aHO, YTO HMCKYCCTBEHHBIH
HHTEIUIEKT, POOOTOTEXHNUKA, MOJISTMPOBAHIE XUPYPTUUECKUX ONepaliii 1 MHOTHE Ipyrue MpUHIUIE Xupypruu 4.0 moMoryt
crenmate omepanuio Ooinee Oe3omacHOM aIsd TManueHTa. TeM He MeHee, B OOMECTBaX C BBICOKOPA3BHTOH CHCTEMOH
3[paBOOXPAHEHHs, HE TPOU30HIET MONHON aBTOHOMU3ALUH BBIMOIHEHUS! XUPYPIUIECKHUX ONepanuii poboTamMu.
Knioueswvie cnosa: xupyprus, MeIUIUHCKass pPOOOTOTEXHUKA, HHTEIUICKTYaIM3aIisl XUPYPTHH.

Intraoral Microfocus X-ray radiography in veterinary medicine

Yuriy Potrakhov and NikOIGY POtFGKIROV ...........cc.ccccooieiiiiiiiiiiieiieieetese ettt ettt st sttt ettt et be ettt e bt e bt easentesbeens 47
«BHyTpHpOTOBash» MHKPO(QOKYCHasi peHTreHorpadus B BeTepMHAPHHA
Iompaxoe H.H., [lompaxoe FO.H.
Cankr-IlerepOyprckuii rocyIapcTBEHHBIH 1eKTpoTexandecknii yausepcureT «JIDTU» um. B.U. Vibsnosa (Jlenuna)
CIIOI'OTY «JIDTU»
PaccmoTpens! u3BecTHBIE CIIOCOOBI JEHTATBHOM CheMKH B BeTepuHapuu. [IpoaHanns3upoBaHbl UX HenocTaTku. [Ipemnoskena
OpHI'MHAJbHAas METOAUKAa «BHYTPHPOTOBOI» AeHTanbHOM cheMKu. OmNMHCcaHbl MPEUMYIIECTBA NPETOKEHHOW METOTUKU U
MpeICTaBICHBI IPEBAPUTENBHBIE PE3YIbTATy UCCIIEI0BAHMS.
Knouesvie cnosa: MukpooKycHast peHTreHOrpadus, BETEpUHAPHS, CTOMATOJIOT U, TAHOPAMHasl PEHTT€HOBCKas TpyOKa.

Specialized x-ray machine for neonatology

Viadimir Klonov, Ivan Larionov and Nikolay POIFGROV ............c..cccocciioiiiiiiiininiiiieieiteteseeeet ettt sttt 50
CrenuaM3upoBaHHbIH PEHTICHOBCKHIA aNlapaT /18 HEOHATOJOTHH
Knonoe B.B. Jlapuonoe U.A., [lompaxoe H.H.
Cankr-IlerepOyprekuii rocyaapcTBeHHBIN dnekTpoTexHuyeckuil yausepcutet «JIDTH» um. B.M. Yabsuosa (Jlennna)
CIIBI'OTY «JIDTU»
PaccMOTpeH anbTepHATHBHBIA MOAXOX K PEXXUMY PEHTICHOBCKOHM IMArHOCTHKU HOBOPOKAEHHBIX, ITO3BOJIIONIMI IOJy4aTh
BEICOKOE KadyeCTBO CHUMKOB. TpeOOBaHMS 1O BBIXOJHBIM JIICKTPUYECKHM XapaKTePUCTUKaM IIPH 3TOM 3HAYUTEIIHHO
CHIDKAIOTCS, 3TO JaéT BO3MOXHOCTb PEaM30BHIBATh JOCTATOYHO KOMIIAKTHBIE M JIETKHE YCTPOMCTBAa JUI ITOPTATHBHOTO
npuMeHeHus. Taxoke TpescTaBieHa CTPYKTypa PEHTI€HOBCKOTO ammapara AJis HEOHATONOTHH, a TaKkKe OCOOCHHOCTH €ro
KOHCTPYKIIMH, KOTOPBIE JAIOT BO3MOKHOCTh PEAIN30BaTh MAaKCHMAIbHO KOMIIAKTHOE M HAJEKHOE B SKCILTyaTaI[UU PELICHHE.
Kniouesvie cnosa: peHTTeHOBCKOE M3IydeHNE, HEOHATOJIOT U, AUArHOCTHKA, KOHCTPYKIIMS amnIapara.

Computer program for setting up a medical X-ray apparatus

Ivan Larionov, VIadimir KIONOV QRA VICIOT BESSONOV ............ueeeeeeeeeeeeeeeeeeeeeeeeeeeteeesesesereseseseserereseresetereeereseseeeeereeeseeeeeeaenenes 53
KomnbrorepHasi nporpamMma /IIsi HACTPOIKH MeIMIIHHCKOI0 PEHTT¢HOBCKOI0 ANNapaTa
Jlapuonoe U.A, Knonos B.B., becconog B.b.
Cankr-IlerepOyprckuii rocyIapcTBEHHBIH 1eKTpoTexandecknii yausepcureT «JIDTU» um. B.U. Vipsnosa (Jlenuna)
CIIBI'OTY «JIOTU»
IlpencraBnena mporpamMMa MO HAacTpOiike M KOHTPOTIO PEHTI€HOBCKOTO MEAMIIMHCKOTO YCTPOMCTBAa Al HEOHATOJOTHUH.
PaccMoTpeHbl OCHOBHBIE 0COOEHHOCTH CXEMbI PE30HAHCHOTO YMPaBISHHUSI HCTOYHUKOM PEHTTEHOBCKOTO M3TydeHus. OnmucaHsl
TpeOoBaHMsI K IPOTrpaMMHOMY OOECIICUCHHUIO, HajaraeMble CXeMod u paboummu mnapamerpamu. IIpemmoxkeH BapHaHT
KaIMOpOBKH I pPab0OUYMX MapaMeTpoB PEHTTEHOBCKOTO alapara IJisi MEJUIIIHCKOTO IPUMEHEHHSI.
Knioueswie cnoea: peHTT€HOBCKOE H3Iy4eHHE, TPOrPAMMHOE 0O€eCIIeueHNE, HEOHATOIOT s, PE30HAHCHAs CXEMa.

Digital X-ray image processing with using adaptive histogram equalization and adaptive background correction
Nikolai Staroverov, Artem Gryaznov and Kholopova Ekaterina
Iudposasi 06padoTka peHTIeHOBCKHUX H300paKeHHU I ¢ HCIOIb30BAHHEM AJANTHBHOMN 3KBAJH3AIMA THCTOTrPAMMBI
H aJaNTUBHOI KoppeKkuu# GoHa
Cmapoeepos H.E., I psasznoe A.FO., Xononosa E.J].
Cankr-IlerepOyprckuii rocy1apcTBEHHBIH 1eKTpoTexandecknii yausepcureT «JIDTU» um. B.U. Vibsnosa (Jlenuna)
CIIOI'OTY «JIDTU»
Paccmotpensl Ba Merona uudpoBoil 00pabOTKH MUKPO(OKYCHBIX PEHTTCHOBCKHUX H300pakeHHUil: aqrOpUTM KOPPEKLUH
HEpPaBHOMEPHOTro ()oHa M300paKCHUs] HAa OCHOBE BBIYMTAHUS HCKaKamomed (YHKIUM U alrOpUTM JIOKAIbHO-3adalTUBHOM
9KBAIU3ALMU TUCTOrpaMMbl. IIpoBeleHBI HCCIENOBaHMSA pPa3pabOTAHHBIX AITOPUTMOB Ha BBIOOPKAX MHKPO(OKYCHBIX
PEHTTeHOBCKUX M300pakeHnit. O06a MeTo/1a MOKa3aIl yJOBICTBOPUTEIIBHBIC PE3YIIHTATEL.
Knioueswvie cnosa: MukpodokycHasi peHTreHorpadusi, 3KBaIU3aList TUCTOrpaMMbl, H(poBast 00paboTKa N300paKeHHU.
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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 ..............ccccoccvveuccunccnncnne. 1(115)
®opMHupOBaHHe TPEXMEPHOH CTPYKTYPBI C10€B TKAHH ¢ IOMOLIBIO HAHOCEKYH/IHBIX JIa3ePHBIX UMIIY/IbCOB
Bacunescxuii I1.H., Tepacumenxo A.FO."?, Casenves M.C."?, Tepewenko C.A.!
! HaumoHabHbIHi HCCIIE0BATENbCKHI YHHBEPCUTET «MOCKOBCKHI MHCTHTYT 3JIeKTpOHHOM Texuukmy (HUY «MUDT»),

3enenorpan, Poccus,

2 [epBbiit MOCKOBCKUIA rOCYIapCTBEHHBIA MeUIMHCKUl yHuBepeuteT umenn M. M. CeueHosa.
ITony4yens!l TpexMepHblE TKAaHEHH)KEHEPHBIXE KOHCTPYKIMM HAa OCHOBE OEIKOB albOyMHMHAa M KOJJIareHa ¢ BHYTPEHHUM
KapKacoM M3 yTrJIEpOAHBIX HaHOTPYOOk. OmnpeneneHsl HeNUHEIHbIe CBOMCTBA OENKOBBIX BOJHBIX TUCHEPCUH C yriIepOAHBIMU
HaHOTpyOKaMH. YBenMdeHHe 3HaUeHHI HelnHeHHOro ko3 dumnmenTa nornomenns ¢ 1o0aBIeHHEM yIriIepoAHbIX HAaHOTPYOOK
MO3BOJISIET MPENOI0KUTh, YTO HAHOTPYOKH TOTJIOMIAIOT OOJBIIYI0 YacTh JIA3EPHOTO M3ITy4YEHHs 10 MEpE YBEIUUEHHUS ero
CBETOBOI'O IIOTOKA.
Kniouesvie cnoea: HennHelHas ONTHKA, YTIIEPOJHbIE HAHOTPYOKH, TPHMEHEHNE Ja3epa, MOIIHOCT 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 ...........ccccceviviiiiiiiiienieieeteeseeese st 4(118)
BuoTtexnnyeckas cicTeMa aBTOMaTHYeCKOH OLIEHKH CTelleH! MOBPeKIeHHsI JTHIeBOro 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. T1.A. Tepuena
IIpencraBieHsl pe3ynbTaThl HCCIENOBAHUS METOJa aBTOMATHYECKON OIIEHKHM CTEIEHH IOBPEX/CHHS JHIEBOIO HEpBa,
OCHOBAaHHOTO HAa KOMIBIOTEPHOM aHAJN3€ BUACOM300paxeHHs yuna. PazpaboTaH MeTOA PEruCTpalMu BHAECOU300paXKEHHs
mra. [IpuBeneHs! HHAEKCH aCHMMETPHH JIUIA, OTyYeHHBIE B pe3ysbTaTe 00paboTKH BUACON300payKeHUS JIUIA, PEe3yIbTaThI
CpaBHEHUS] MHAEKCOB aCHMMETPUH MALMEHTOB M MpeJCTaBUTeNe KOHTPONbHOI rpynmel. Onpenenensl Hanbonee HHMOpMa-
THBHBIE WHJIEKCHI aCHMMETPHH JIUIA.
Kniouesvie crosa: aBToMaTHdecKuil aHANN3 W300pa)KeHUs JINIA, KOHTPOJIBHBIE TOYKH JIMIA, ITOBPEX/EHHE JINIEBOIO HEpBa,
acUMMETPHS 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 SivaprakaSam .................cccoceeveviriiininiieniinienieneeeseere sttt 7(121)
Bapuanus J10KaJbHOMH CKOPOCTH IyJIbLCOBOM BOJIHDI, OIIPEAeIsieMOil B TeueHUE CePACYHOro HUKJIA:
BaJTNIALHUs In-vivo ¢ HCIOJIb30BAHNEM ABYX3JIEMEHTHOI0 MATHUTHOTO MJ1eTH3MOrpa@)uyecKoro apTepuajbHOro 30H1a
Habenv [1.M., /locaiiapaii [{oc., Moxanacanxap C.
Wupniickuii TeXHOIOrMYeCKU HHCTUTYT Magnpaca
IIpencraBnen MeTon U cUCTEMa NMPSIMOTO M3MEPEHHs JOKATbHBIX H3MEHEHUII CKOPOCTH ITyIbCOBOM BOJHBI, ONpeessieMoil B
TEUeHUE CepleYHOro nukia. PazpaboraH HOBBIM JBYXIJIEMEHTHBIH MarHUTHBIN IUIETH3MOTpadUUECKUH apTepraIbHBIN 30H].
Hccnenoanus Ha 15 370poBBIX 10OPOBOJIBLAX MOKA3ald BO3MOXKHOCTH OIICHKH JIOKAJbHOM CKOPOCTH ITyJIbCOBOW BOJHBIL
IIpemnaraemerit 30HA He TpeOyeT KaTMOPOBKY M 00eCcIIeYrBaET BOSMOXKHOCTh O€3MaHKETHOH OLIEHKH IapaMeTpOB apTepHalb-
HOTO JIaBJICHHS OT MOBEPXHOCTHBIX apTEPUH B KaXKIOM KapAUOIHMKIIE.
Kniouesvie cnoea: MarHUTHBIA TUIETH3MOTpapUUIecKUil 30H], HEMHBA3HUBHbBIE W3MEPEHHs, Bapualus JOKaJIbHOH CKOPOCTH
ITyJTECOBOM BOJIHBL,0€3MamKETHAs OLICHKA ITapaMeTPOB apTEPHUATLHOTO JaBICHHS.

Hemodynamic Interventions for Inducing Blood Pressure Variation in Laboratory Settings

Nabeel P.M., Surya Venkatramanan, Jayaraj Joseph, Mohanasankar Sivaprakasam ................cccccceccvvenvenicniecnieneencnennnennn. 11(125)
T'emopunammyeckue npoosI 4151 MHAYNHPOBAHUS M3MEHEHHI apTePHATBLHOIO AABJIEHNUS B JIA00PATOPHBIX YCJIOBHAX
Habenv I1.M., Cypua B., [caiiapaii []oc., Moxanacanxap C.
Mupniickuii TeXHOIOrM4eCKU HHCTUTYT Magpaca
PaccMOTpeHBl AT YNpaXHEHUH, BIMSAIOIMX Ha TEMOJMHAMUKY M MPUBOAAMNX K O€30MacHOMY KOHTPOIUPYEMOMY H3Me-
HEHUIO apTepHaILHOTO AaBiieHns. [1oirydeHsl JaHHbIe I3MEHEHHs apTepHaIbHOTO JaBICHHS BO BPEMsI KaXKJ0TO yIPaKHEHHS 1
TOCJIe €ro OKOHYaHMs. Pe3ysbTaThl MOTYT OBITH HCIIONB30BAaHBI JUIl cOOpa MAaHHBIX JUIS Pa3sBUTHS MOJENel MpencKa3aHHs
apTepHUalIbHOTO JaBJIECHHs B CUCTEMaX 0€3MaHKETHOIO MOHUTOPHHTA.
Kniouesvie cnosa: reMopuHaMUYECKHe IPOOBI, KOHTPOIUPYEMOE H3MEHEHHE apTepHAIBHOTO JABJICHUS, BPEMs! BOCCTAHOBIICHHSL.

Non-Invasive Assessment of Arterial Incremental Elastic Modulus Variations within a Cardiac Cycle
Raj V., Nabeel P.M., Jayaraj Joseph and Mohanasankar Sivaprakasam...................ccoccvoeeeieviinienineesiinenicneeieeeseeneeseenenee 15(129)
HennBa3uBHas oneHKa BapHauii HHKPEMEHTHOI0 MOAY.IsI YNIPYTrOCTH apTepHH,
onpe/eseMoro B Te4eHHe cepevHoro uKiIa
Paii K., Habenw I1.M., /icatiapaii [{orc., Moxanacanxap C.
Mupniickuii TeXHOIOrMUeCKUi HHCTUTYT Magpaca



IIpenioxken 30H1 U1 HEMHBa3UBHOIO M3MEPEHMSI MHKPEMEHTHOIO MOJYJI YIPYTOCTH apTepUu, COACpKaIluil OAUH yIbTpa-
3BYKOBOH IpeoOpa3oBaTellb © TOHOMETP ULl OXHOBPEMEHHOTO OIIPE/ICNICHHUS] TOIIIMHEI CTEHKH apTepHH, ee JHaMeTpa U IyJIb-
COBBIX BOJIH. DKCII€pUMEHTaNIbHbIE HCcIeqoBaHus Ha 10 1oOpoBoIIbIIaX MOKa3aIn JOCTOBEPHOCTD BBITIONHAEMbIX H3MEPEHHH.
Kniouesvie cnoéa: NHKPEMEHTHBIN MOYIb YIIPYTOCTH apTEPHUH, YIbTPa3ByKOBOH MpeoOpazoBaTesb, TOHOMETPHS, 30HA A He-
VHBa3UBHBIX U3MEPCHUIL.

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 Pavlov ....
CTpyKTypUpOBaHHEe OMOKOHCTPYKIHI C YIJIEPOAHBIM HAHOKAPKACOM B 0eJIKOBOI MaTpHle
Tepacumenko A.10."?, I'nyxosa O.E.3, Crenuenxos M.M.3, XKypouna H.H.!, Casenvee M.C."?,
Huxumuose JLI1L'?, loozaeyxuii B.M.!, Cenuwes C.B.., Kuyiox E.I1% ITaenos A.A.°
! HauyoHabHbIH HCCIIEN0BATENLCKUH YHUBEPCUTET «MOCKOBCKHM HHCTHTYT 3JIEKTPOHHON Texuukm» (HUY «MHUDT»),
3enenorpan, Poccus
2 [epBbiit MOCKOBCKUI OCY1apCTBEHHbIN MeAMIMHCKUIA yauBepeuter umenu UM, Ceuenosa
3 CapaTOBCKMii rOCY1apCTBEHHBIH YHUBEPCUTET
4 Hay4HO-TIpOM3BOACTBEHHBII KOMILIEKC « T€XHOIOTHYECKHI LIEHTP»
S MHCTHTYT HAHOTEXHOJIOTMI MUKPO3JieKTpoHuku PAH
IIpuBenens! pe3yabTaThl SKCIEPUMEHTOB 10 CTPYKTYPHPOBAHUIO OMOKOHCTPYKIUH C YTIIepoXHBIMHAHOKApPKAacOM B OEIKOBOM
Martpulle. BbIsiBIEeH MEXaHH3M CBA3BIBAHMS OJHOCTEHHBIXYTJIEPOIHBIX HAHOTPYOOK IMOJ AEHCTBHEM Ja3€PHOTO M3TydYEHHS.
IlpencraBineHsl CHHTE3UPOBAHHBIE 00pa3Ibl KAPKACHOIO HAaHOMAaTepHala Ha OCHOBE Pa3BETBIEHHON CTPYKTYpPhI YIIIEPOAHBIX
HaHOTPYOOK. DKCHEPUMEHTAIBHO HCCISIOBAaHO U NPOAESMOHCTPHPOBAHO JIa3epHOE (OPMHUPOBAHUE APEBOBUAHON CTPYKTYPHI
HaHOKapKaca U3yrIepoaHbIX HAHOTPYOOK B OEIIKOBON MaTpHIle.
Kniouesvie cnosa: cTpyKTypupoBaHue, OHWOCTPYKTYphI, OHOMarepHaibl, YIriepoIHble HAHOTPYOKH, OesKoBas MaTpuLa,
HMIIYJIbCHOE JIa3€pHOE U3IIy4YCHUE.

.. 19(133)

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 HUDEFTUS FEUIBIEE .............cc.cccueecueeeeeeieeeieesteeeteeeteeeteesaaeesteesaseeseestseaseaasesesseesssessseessseesseesssessseesssesseanns 22(136)
IIpunoxeHus: cMeLIAHHOI PeaIbHOCTH /151 KOJUIA0OPATHBHOIO ONIEPALIMOHHOI0 0,10Ka — IPOTOTUITHOE HCCIeI0BaHIe
Mapapenc H., Ocmnep /., Betinyupn [orc., Kon H., @ozens T., Bunveenvm /]., Koanep C., @eccuep X.

MIOHXEHCKUI TEXHUYECKUI YHUBEPCUTET

IIpuBeneHo uccnenoBaHie MOTCHIMANA IPUMEHEHUS TIPIIIOKCHUI CMEIIAHHOW PeaTbHOCTH s 3 ()EKTUBHOTO B3aMMOICHCT-
BUsI B KOJUTAOOPAaTHBHOM OmepalroHHOM Onoke. IIpefcraBieHo ompcaHue MpuMepa MCIOJIb30BaHHs YCTPOWCTBA, MOMOraro-
IIEro OMNEepaLIOHHON CeCTpe B KOPPEKTHOM BBIOOpPE XHUPYPTHYECKOr0 MHCTPYMEHTA, MOJIb30BaTEIbCKas OLCHKA arOpUTMa
B3aUMOJICHCTBHS C YCTPOHCTBOM CMEIIaHHOI PEeabHOCTH.

Knioueswvie cnosa: cMelianHas peallbHOCTh, JOTIOJHEHHAS! PEaTbHOCTh, KOJUIA00pAaTUBHBIN ONEpaIlMOHHBIH OJIOK, XUpyprudec-
KHE BCIIOMOTATEIIbHBIC TEXHOJIOTUH, PACIIO3HABAHUE O0BEKTOB.

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 ...............cccocuvvoeneneevecencennnns 25(139)
JiuTeabHasi MAHOMETPHS BHICOKOI0 Pa3penieHNsi: CJI0KHOCTH M HeIOCTATKH AaBTOMATH3HPOBAHHOI0 aHAJIN3A
MOTOPHKH NMHUINEBOA
Enn A.', Xioccep H.!, Xe C.', Ocmaep J1.', Tenviues J.°, Cenuwes C.?, eccrep X.!
! MIOHXEHCKUI TEXHMYECKUH YHUBEPCUTET, I epManus
2 HanuoHabHbIN UCCIEN0BATENLCKUN yHUBEPCUTET «MOCKOBCKUM HHCTHTYT 21EKTPOHHON Texuuku» (HAY «MUDTy),

3enenorpan, Poccus

OO0OCHOBaHa AKTYaJIbHOCTh IPOJIOHIAIMH 330(harvajabHO MaHOMETPUH BBICOKOro paspemieHus (OMBP) mina ydera msmeHeHus
LIMPKAIHBIX PUTMOB B pabote nuiieBozaa. IIpoBeneHb! KIMHUYECKHEe MCCIIeI0BaHHSI MOTOPHKH IHUILEBOAA € TIOMOLIBIO JUTUTEIbHOM
OMBP. Pa3paborana mporpamMma aBTOMAaTHYECKOTO aHaIN3a, OCHOBAHHAs HA YMKArcKoW Kiaccupukanuy. B pesymbrate Obum
YCTAHOBJICHBI 3HAYEHUST HOPMBI 1 IIATOJIOTUH [T BBIIBJICHUS HApYIICHHI pa0OoTHI IUIIEBO 1A PH NIPOBeIeHNHN JuTensHoi DMBP.
Knioueswvie cnosa: 330hparoMaHoMeTpyst, MAHOMETPHS BBICOKOTO Pa3peIIeHHs], 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. GerasiMeENKo.................cocceveeueeiriiiiniiniiniiiiieesteetetetet ettt 29(143)
HccaenoBanue cieKTpaibHbIX CBOMCTB cpe/l HA OCHOBE XMT03aHA M KapOOHOBBIX HAHOTOTPYOOK
Dedoposa 10.0.%, IMonoxun A.A., Mypawxo A.T.!, Casenvee M.C.!, I'epacumenxo A.FO."?
! HaumoHabHbli HCCIIEN0BATENLCKHI YHUBEPCUTET «MOCKOBCKHI MHCTHTYT 3JIEKTPOHHOM Texuukmy» (HUY «MUDT»),

3enenorpan, Poccus

2I[IMIMY um. M. Ceuenoa
IIpencraBiieHsl pe3ynbTaThl UCCIENO0BAHNUIN CIEKTPATBHBIX XapaKTEPUCTUK MAaTEPHAIOB Ha OCHOBE XUTO3aHA C BKIIOYCHHSIMHU
KapOOHOBBIX HAHOTPYOOK, IPUMEHSEMBIX B KapJHOBACKYJIIPHOW XUPYPIUH IJIsI CO3AHHS MMIUIAHTHPYEMBIX TKaHEH.
Knioueswie cnoea: xuto3aH, HAHOTOTPYOKH, CIIEKTPAIbHBIE XapAKTEPUCTHKHU, KAPAUOXUPYPTUsl, TKAHEBAsI HHXKEHEPHS.




Piezoelectric properties of PVDF and PVDF-TrFE electrospun materials for nerve regeneration
Fedaa Al Halabi, Oleksandr Gryshkov, Antonia Kuhn, Viktoria Kapralova and Birgit Glasmacher ...
IIbe303nexTpuueckue ceoiicrBa MarepuanoB PVDF u PVDF-TrFE, usrorasnuBaeMsbIX 3JI€KTPONPSACHUEM,
JUISL BOCCTaHOBJICHUSI HEPBOB
Xanabu ®. Anv', Tpuwxos O.', Kyn AU, Kanpanosa B.M.?, [acmaxep B.!
! TannoBepckuii ynusepeurer umenu Jlelbuuna, Iepmanus
2 Caukr-IlerepGyprekuil nonurexuuueckuii yausepeurer [lerpa Bemukoro, Poccuiickas ®enepanus
TonmmBrHWIIMIMHGTOPUI ¥ TPUPTOPITUIICH SBIISIIOTCS MEPCIIEKTUBHBIMU MaTepHallaMH JUIs Pa3pa0OTKH aKTHBHBIX MMILIAH-
TaTOB JJIs pereHepanuy HepBoB. PazpaboTaH MeTOX M3MEpeHHs MapaMeTpOB MaTepHajoB AJs OMHCAHUS UX JNIEKTpoMeXa-
HHYECKOH CBs3U. MeTos 3aKiroyaeTcss B CO3/JaHMM MEXaHHYECKOTO HaNpshKEHMS BOJOKHUCTBIX OOPa3IOB € MOCIHETYIOIHM
U3MepEeHNeM UHIYIUPOBAHHBIX JIEKTPUUECKUX3aPsI0B.
Knioueswie cnoea: mbe303¢GdeKT, BOCCTAHOBIEHHE HEPBOB, AEKTPOMEXaHUIECKas CBA3b.

...32(146)

Evaluation of the P300 parameters with photic stimulation

Alexander Dmitriev and Sergey SHCRUKIN ..............ccccoeoiiiiiiiiiiiiiieiteee ettt ettt sttt sae e 36(150)
Onenka napamerpos P300 npu dporocTumyasuuu
Lvumpues A.H., Llykun C.H.
MI'TY umenn H.D. baymana, Mocksa, Poccus
[Toxazano BnusiHEE GOTOCTUMYIIALMHU C yacToTam 1, 3 1 5 'l 1 mpocTpaHCTBEHHBIM HHTEPBAIOM MEXIy cBeTonuonamu 0.8°,
1.6 u 2.4 na nerexkuuto P300. IIponeMoHCTpUpPOBaHO M3MEHEHHE aMIUIUTYABI U JaTeHTHOcTH P300 mms pasHBIX peXUMOB
crumyisinu. OLeHEHO BIMSHAE 3pUTENBHBIX BBI3BaHHBIX IIOTEHINATIOB Ha aeTexnuo P300.
Knioueswie cnosa: P300, UMK, doroctumymsiuus, 3BII, npocTpaHCTBEHHBIIT 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 HUubBertus FEUSBRNEP ...............cccccceiiiiiiiiiiiiiee ettt 40(154)
YunpasJjieHue Tee(OHHBIMH 3BOHKAMHM B KOTHUTHBHOM ONepalMOHHONH KOMHaTe
Kon H., Ocmnep []., Komnep C., Mapapenc H., 3amm H., Kpanygpenoep M., @ozens T.,
Bunveenvm J[., @Peccnep X.
MionxeHckuil TexHuueckuid Y HUBEpCUTET
MoGunbHEIe TeIe()OHBI MOBHIMIAOT JOCTYITHOCTh XAPYPIOB U PEryIsipHO OepyTcs B onepanronHyr. Ho 310 yBenmduBaeT pa-
004yr0 Harpy3Ky 1 MOKET MPUBECTH K HEraTUBHOMY BJIMSHHIO Ha pe3yibTaT onepanuu. IIpemioskena cucremMa CUTyalluOHHON
OCBEZOMJICHHOCTH, OCHOBAaHHAs Ha KJIacCU(HUKALUI 3BOHKOB 110 BaKHOCTH, MPUBEACHBI BAPHAHTHI CLICHAPHUEB PearupOBaHMS.
PesynbTaT onpoca sSIBHO MOKa3bIBAET IPEUMYIIIECTBO CUCTEMBI YIIPABICHUS 3BOHKAMH.
Kniouesvie cnosa: KOoTHUTUBHAS ONIEpALIMOHHAS KOMHATA, YIIPABICHUE 3BOHKaMH, KJIacCH(UKALUS BaXKHOCTH 3BOHKOB.

Translation Dynamics in Holistic Analysis of Functional Human-body System

JOCREI MU ...ttt ettt et e st e e te e e as e e beesaae e be e aseeabeesaseeaseeseeeaseeeaseeaseesseesseeseeenbeeesseeaseeseeenbeeseans 43(157)
TpaHcasinMOHHAsI AMHAMHAKA B KOMILUIEKCHOM aHAJu3e padoThl OPraHu3Ma Ye10BeKa
May 1.1’
! Mroccenbaopdekuit Yuusepeurer um. I.Teiine, Hioccensaopd, lepmanus
2YacTHBIA MHCTUTYT BHIYUCIMTENBHBIX METO10B, Kpedens, ['epManus
[IpennokeHa MaTteMaTH4eckask MOJEIb aKCHOMATHYECKON KOH(UIypaluyu AMHAMHUKM, OCHOBAHHAS Ha CHCTEMHOM IOAXO/E,
KOTOpast MOXKET OOBSICHUTH ANHAMHKY PaOOTHI 4EIT0BEYECKOT0 OPraHW3Ma COBMECTHO Ha Pa3INYHBIX YPOBHSX. [IaHHEIA METOX
TI03BOJISIET YIPOCTUTH BEIMHCIUTENBHBIA MPOIECC, B €r0 OCHOBE JISKUT MPHUHITHIT TOJyIeHHS MaTeMaTHIECKHX BBIPaXKCHUH
BEICOKUX YPOBHEH M3 MaTeMaTHIECKHX BBIp)XEHU OoJiee HU3KNX YPOBHEH.
Knioueswvie cnosa: MmareMaTnaeckoe MOJICITMPOBAHUE, CUCTEMHBIH MOAXO0/, THHAMUKA.

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 Joseph Eichinger .
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 uMenu Jlelbnuua, Iepmanus
2 Cankr-TlerepOyprekuil nonurexuuueckuii yausepeurer Ilerpa Bemukoro, Cankr-Iletep6ypr, Poccuiickas ®enepanus
3 Hayunslii uentp Mronxena Huawei, l'epmanus
Texnonoruu mnepepadyn [NaHHBIX B ONEPAlMOHHOM OTrpPaHHYEHBI C TOYKH 3PEHUS CKOPOCTH I€pefadd, JIATEHTHOCTH H
crabmisHOCTH curHaia. IIpoBeneHo uccienoBanue mo Merony «Jlemsu», B KOTOPOM JaHA OIEHKA OXKUAAHMS M IPUHSITHUS
TexHosornd 5G B XHpYpPTrHUECKOM Iojie B mesioM. lIpenBapuTenbHBIE pe3yibTaThl UCCIIEAOBAaHHS MO MeToxy «Jlembdm»
MOKa3bIBAIOT MOJOKUTENBHYIO EPCIEKTUBY peanu3aluy TeXHOIorun 5G B KIIMHUYECKOI cpere.
Knioueswvie cnoea: MUHIMaNbHO-MHBa3UBHAS XUPYPIHs, Ilepeiada JaHHbIX, 5G.

.. 47(161)




IVAP 2025 — Towards the collaborative operating room

Daniel Ostler, Nils Marahrens, Nils Kohn, Sebastian Koller, Michael Kranzfelder, Hubertus FeulBner and Dirk Wilhelm ...... 51(165)
IVAP 2025 — I1o HanpaBJIeHHIO K KOJLIA00PATHBHOI ONlepallMOHHOI KOMHAaTe
Ocmunep /1., Mapapenc H., Kon H., Konnep C., Kpanyghenoep M., @eccnep X., Bunveenvm /1.
MionxeHckui TexHUUeCKUid Y HUBEPCUTET
IIpencraBiieHbl mepBEIE Pe3yIbTAThl IIOCTPOEHHS KOJUTAOOPATHMBHON OIEpalMOHHOM KOMHATHI, KOTOpas aKTHBHO IOJIEep-
JKMBAeT KOHTEKCTHO-3aBUCHMOE MHTpa- U MOCIeoNepanronHoe tedeHne. OyHKIMOHNpOBaHHE KOTHUTHBHON XHPYPTUIECKOM
Cpensl JEeMOHCTPUPYETCsl Ha TUIIMYHOM IPUMEpe JIAIapOCKONNYECKOH PEe3eKINH JKEeTIHOTOo ITy3bIps. [IpuBeneHo ommcanue
KOHLICTIIIMY KOJUIAOOPaTHBHOM ONEepalMOHHOW KOMHAThl M €€ OCHOBHBIC KOMIIOHEHTBI; MX pealu3auus nokasana sddex-
THBHOCTb NPEITI0KEHHOTO MOAX0AA.
Knioueswvie cnosa: xonnabopaTrBHAasi 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 ...............cccccuieviriiieiiiieniiieseeie ettt sttt sttt sttt sttt sbe et et et sbeeresaeene 54(168)
Co3nanne TpexMepHbIX HAHOKOMIIO3UTHBIX OMOKOHCTPYKIUI
€ HCIO/Ib30BAHHEM I1OCI0HHOrO J1a3¢PHOI0 YCTPOICTBA IPOTOTHIIHPOBAHUS
Kypunosa V.E., Kypbuna H.H.', Henamoe JJ.A., Pabxun [.A.", Honoxun A.A.", ITesnxoe E.C.!, lepacumenxo A.10."?
! HaumoHabHbli HCCIIEN0BATENLCKHI YHUBEPCUTET «MOCKOBCKHI MHCTHTYT 3JIEKTPOHHOM Texuukm» (HUY «MUDT»),

3enenorpan, Poccus

2I[IMIMY um. M. Ceuenoa
IlpencraBieH MeTOA MOMYyYEHHs HAHOKOMIIO3UTHBIX OMOKOHCTPYKIMI M3 BOJHO-OENKOBOH IMCIEPCHM YTIEPOAHBIX HAHO-
Tpy6ok. [IpuBeaeHs! pe3ynbTaThl HCCIEI0BAHUH CTPYKTYPHBIX U OMOJIOTMYECKHX CBOICTB HAHOKOMIIO3UTHBIX OMOJIOTHYECKUX
CTPYKTYp Ui TKAHEBOM MH)KEHEPUM, CO3JAHHBIX METOJOM JIa3€pHOrO TPEXMEpHOro mpororunuposaHus. [lokasaHo, uTto
pa3pabOTaHHEIH METOJ MOXKET OBITh IIPIMEHEH TSI BOCCTAaHOBJIEHHSI OCTEOXOH/IPATIbHBIX Ie(EKTOB B CyCTaBax.
Kniouesvie cnoea: HAaHOKOMIIO3UTBI, TPEXMEPHOE JIA3€PHOE NIPOTOTUNHUPOBAHNE, 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)
AHajau3 GU3HOTOrHYecKUX NMOKa3aTeieil 1/l KOJINYeCTBEHHOH OLleHKH CTpecca U HArpy3KU XUPYpros
¢ pa3JIM4YHbBIM YPOBHEM NOATOTOBKHU BO BpeMsl JIaIapoCKONMYeCKOii X0/1eHCTIKTOMUM
Camm H., Ocmnep [., @ozens T., Mapapenc H., Bunveenvm [., @Peccnep X., LLlImayoep P.
MiouxeHckuil TexHuueckuil Y HUBEpCUTET
TloBbIICHHBI YPOBEHB cTpecca U pabovre Harpy3KH XUPYpProB BO BPEeMs OICpaluil SBISIOTCS CEPhe3HON yrpo3oii Oe3omac-
HOCTH manueHToB. [loka3aHo, YTO mapamerphbl CepACYHOrO M JABIXATEIbHOI0 PUTMA SBISIOTCS Mapkepamu (U3UYECKOro M
YMCTBEHHOT'O CTpecca, KOTOPBI, B CBOIO ouepesb, OyAeT MPOMOPLUHOHATICH YPOBHIO O0Opa30BaHUs U OIBITY XUpypra. Pe3ymn-
TaThl TAKOTO aHAJIN3a MOTYT OBITh HHTETPUPOBAHBI B CHCTEMY paclio3HaBaHHs pabOYUX MPOIECCOB, B TOM YHCIIEC sl poOOTH-
3HPOBaHHBIX ONECpaInii.
Kniouesvie cnosa: poboT-acCUCTUBHBIE TEXHOJIOTHH, [TOKA3aTENIM YPOBHSA CTpeEcca, JaNapOCKOMUYeCKasi XUPYPrHs, cepaeyHbIH
U JIBIXaTeNIbHBII PUTM, MAIIUHHOE O0y4YEHHeE.

New Geometric Method of Heart Rate Variability Estimation based

on the Multiscale Crrelation Analysis Representation

VIACRESIAV ANISIPEFOV ...ttt ettt ettt e sttt e bt et e et e et et e st e e s tesbeeae e bt eat e beeatenbeeseenseeseenbesbeentesseentansesseensans 61(175)
Hogblii, 0CHOBaHHBII Ha NpecTaBJICHHSIX MHOTOMACINTA0OHOT 0 KOPPeJISIIHOHHOT0 aHA/IN3A,
MeTOJI OLleHUBAHNS BapuadeJbHOCTH CepAeYHOr0 pUTMa
Anyunepog B.E.
WHeTuTyT paguoTeXHUKH U 21eKTpoHuKH M. B.A. KorensankoBa Poccuiickoit akagemun Hayk (PO PAH)
[TpencraBneHsl MOCIACIHUE pe3yiabTaThl paboThl aBropa B oOnactu pa3paboTké dP(EKTHBHBIX aIrOPUTMOB OLICHUBAHHS
MapaMeTpoB BapHabeNbHOCTH cepieuHoro putMma. IlokaszaHo, 4To B paMKax METOAOJIOTMH MHOTOMACIITaOHOTO KOppes-
IMOHHOTO aHaJH3a, Ha OCHOBE BBEIYHCIICHUS MO MAacIITaOHO-BPEMEHHBIM IPECTaBICHUSM psiia TEOMETPHIECKHX XapakTe-
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Introduction

Gas-discharge devices are used widely in various fields of
science and technology. The high prevalence of such de-
vices is due to the wide variety of design solutions asso-
ciated with the type of discharge flowing in the device.
Among of such devices a special place is occupied by in-
struments with an extended positive column of a glow
discharge. Glow discharge lasers belong to such devices.
Glow discharge lasers are used actively for technological,
metrological and medical purposes.

Gas-discharge lasers, including glow discharge lasers, are
not only widespread but also quite complex devices in
structure and manufacturing technology. From this point
of view and taking into account the economic reality, it is
quite logical to find ways to increase the service life of
the gas-discharge lasers used, and to restore active ele-
ments in the event of complete loss of generation. The
relatively short life of lasers makes this problem even
more urgent. Possible reasons for the complete or partial
failure of gas-discharge lasers are: a disturbance in the
operation of the power source; increase in the level of
losses in the optical resonator; reduction of amplifying in
the active element of the laser. The service life of power
supplies is much higher than that of active elements. In
optical resonators, the main causes of a noticeable reduc-
tion in radiation power are the degradation and contami-
nation of mirrors and Brewster’s windows. The main rea-
son for the failure of the active element is the degradation
of the active medium due to the leakage of atmospheric
gases, gas desorption by elements of construction, the ab-
sorption of the working gas by the shell, by the electrodes
and their spray products, and the diffusion of the working
gas through the envelope.

Glow discharge lasers, which include CO2 and He-Ne
lasers, are used in surgery, ophthalmology, laser therapy.
For the effective use of such lasers, one must know their
behavior in dynamics. Also, due to the limited lifetime of
such lasers, the question of replacing the gas mixture is
very relevant.

Determination of the plasma parameters of a glow dis-
charge is an important task in the design and analysis of
the gas discharge devices [1]. Of particular interest is the
determination of the parameters of the discharge occur-
ring in long tubes, for example, in gas discharge lasers.
One of the main characteristics that defines the behavior
of the discharge gap in the circuit is the current-voltage
characteristic (CVC). The CVC allows judging the state
of the active environment, in particular, the degree of lea-
kage of the atmospheric gases. In addition, the form of the

CVC has a significant influence on the dynamic proper-
ties of the discharge.

Due to physical and constructive features, the laser radia-
tion has a temporary instability due to the influence of
various factors. Therefore glow discharge lasers are used
in along with radiation power stabilization systems.

Instability of laser radiation parameters

Methods for stabilizing the power of laser radiation are
classified on passive and active. In practice are used often
active methods. Passive methods stabilizing do not take
into account all the factors affecting the instability of the
laser radiation power. Active stabilization methods as-
sume negative feedback. One of the options for stabilizing
the power of laser radiation is adjustment the pump level.
In glow discharge lasers this process reduces to modulat-
ing the discharge current. Let us assume that at the time ¢
the laser had a power level Py at a current /y, which cor-
responds to the point 4 (fig. 1). Due to external influ-
ences, the energy characteristic of the laser can shift and
this current will correspond to the power Py+ 6P (point
B). The principle of current stabilization of power consists
in forced changing the discharge current by such a value
ol so that the radiation power level again is equal to Py

(point C).
P 1;
P() —————————————

P8P |-

Iy Iy+dl I

Figure 1: Explanation of the operation principle of the
radiation power stabilization system

Method and equipment of experiment

To increase the accuracy of calculations of the plasma pa-
rameters of a positive column in this work was taken an
attempt to refine the values of the accommodation coeffi-
cient. The idea of refining y is based on the use of half
experimental approach to the problem. Initially it was
conducted a series of experiments to study the CVCs of
the discharge gaps. In the experiments we used two mod-
els.
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Layout 1 consisted of four discharge tubes with inner di-
ameters of 1,1; 2; 3,4 and 5,2 mm, with movable anodes,
transported by means of the magnetic actuators within the
length of positive column 0,1...0,25 m (fig. 2).

Cathode

Movable anode

= e
A

d

Plasma

Figure 2: Layout 1 with a movable anodes

Layout 2 is a multianode tube with an inner diameter of
6,5 mm with the possible values of the active medium
length 1,3; 1,12; 0,98; 0,78, 0,61; 0,47 and 0,35 m. In ad-
dition, layout 2 has an optical resonator and therefore the
discharge gap can be used as the active medium of a He-
Ne laser (fig. 3).

Cathode

Anode 1

Anode 2
Cathode

Figure 2: Layout 2 with several anodes

Layout 3 consisted of four discharge tubes with inner di-
ameters of 3; 5; 10 and 15 mm, with fixed anodes (fig. 4).

Anode 4

e

Anode 3

=

Anode 2

Figure 4: Layout 3 with fixed anodes
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Layouts are connected with a vacuum pumping and filling
system, which allows varying the gas content and operat-
ing pressure.

Equations of plasma parameters

The condition of the balance of charges for such a cylin-
drical plasma column can uniquely associate the average
ionization frequency with coefficient of the ambipolar dif-
fusion. Taking into account the expression for the ambi-
polar diffusion, frequency of ionization is defined as

bk(2, 405)2Te
Vv, =———".
R’e

The average ionization rate can be written as
v, =1, [, fU)dU ,
0

where ny — is the concentration of atoms; ¢; — ionization
cross section; f (U) — Maxwell distribution function for
electrons over energies. Approximations of the cross sec-
tion of ionization for atoms and molecules were assumed
linear. Thus, after integrating, was obtained an expression
for the frequency of ionization [2]:

0,5
8kT, |’ —eU, 2kT,
Vi =n, €1 -ajexp °Ui (Ui+ ej. (1)
T, kT, e

The transcendental equation (1) is applicable for the sin-
gle component active media of the gas discharge lasers.
For multicomponent gas mixtures the sum of ionization
frequencies of all gases within the mixture should be
used:

(2,405)° B AT,  23,15kT,
R%e ed®>

D vili) =
J

In these conditions, the average ion mobility of the gases
can be calculated using the Blanc law.

Discharge CVC determines the behavior of the longitu-
dinal potential gradient. The longitudinal potential gra-
dient E; in the positive column (PC) of a glow discharge
is proportional to the square root of the accommodation
coefficient y of the electrons, which refers to the total
energy of the electron W,. The value of y is important in
the theory of a glow discharge PC: it characterizes the
energy balance of the PC and connects the longitudinal

potential gradient £, with electronic temperature T¢ [3]:

5 LK1
ex ’

Z
(&

where A = Aeo/p — is the average free path length for elec-
trons; p — gas pressure.

Function y = f(T,) can be found taking into account shares
of energy lost by electrons in elastic and inelastic colli-
sions:



ey

Proceedings of the Russian German Conference
on Biomedical Engineering

L=+ +ow s
where x* = 2m¢/M — is the average fraction of the energy
lost by electron in the elastic collision; y; —average frac-
tion of energy loss due to the excitation; 7,, — share of
energy losses at the walls.

The described above technique was used as the basis for
the program to calculate 7,. The program allows the
choice of the laser type or the required gas mixture, and
the display mode for the calculated information, definition
of the constants and ranges of changes in the diameter of
the discharge channel, the total and partial pressures of
the gas components and gas temperature.

An important role in the analysis of the dynamic dis-
charge resistance is played by the static CVC. As was said
above, for the glow discharge lasers conditions the CVC
has a decreasing character. In this case, the CVC can be
approximated by an expression that includes the length of
the discharge gap L and the longitudinal gradient of the
potential E.:

U= U+ aEZLIb,
where Uy is the cathode voltage drop, which is deter-
mined by the pair of gas-cathode material; a, b - con-
stants, depending on the kind of gas and discharge condi-
tions. In this case, it is possible to introduce a static slope
of the current-voltage characteristic:

p=dU/dl =abLE_1"™".

The discharge conditions realized in glow discharge lasers
correspond to the region of sharp drop in the CVC of the
discharge gap. In such a case there is a transition stage
from the electrons free diffusion to the ambipolar. To ob-
tain expressions for the total dynamic resistance, one can
use the method of small perturbations. In accordance with
this method, the current and voltage of the discharge will,
respectively, have the form: U = Uy + u, I = Iy + i. In
these expressions /), Uy are stationary values of the cur-
rent and voltage at the discharge 7, u are the variable com-
ponents of the discharge current and voltage, where u <<
Up, i <<1.
Then the dynamic resistance will be determined by solv-
ing:

10% 1di i 10u 1du u

——t——t—=——+t——+—

I,o Idt I, U,of U, dt U,
Solution (1) was sought in the form:

u ;' (jo) + 1 jo+ I

0
:—ngD =

i Uy (jo) +U; jo+U;"

d

Results

Using layouts, it is possible to carry out an experimental
study of the current-voltage characteristics of a discharge
for conditions characteristic of glow discharge lasers (fig.
5). The CVC characteristic is closely related to the longi-
tudinal gradient potential of the discharge positive col-
umn.

(b)

Figure 5. 3D-plots of current-voltage characteristics
of the discharge: (a) in a carbon dioxide;

(b) in a gas mixture CO5:Ny:He=1:1:6

After transformation (2), an expression for the dynamic
resistance of the glow discharge lasers is obtained, as the
total AC resistance

Z4=R(0) + jX(o) 3)

2
(1) | 1) () =)+

R — IOUO
Uy -20° (UU,) " + U7 +6'U, ’
o[y vt ) (10 v (10,) ]

U2 =207 (UU,) ' +0'U;> + 60U, ’
where R and X is the active and reactive components of
the impedance of the positive column; ® is the angular
frequency. The remaining parameters depend on the dis-
charge conditions.

To automate the process of analyzing the discharge im-
pedance behavior, a program was developed in the MS
Visual C # programming environment (fig. 6). It makes it
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possible to calculate the active, reactive constituent, the
impedance module, and also construct a hodograph of
impedance. Before calculating the user, it is possible to
select the type of gas mixture, specify the discharge con-
ditions, the range of the discharge current and the fre-
quency of the signal. The result of the calculation is the
family of dependences of the impedance components on
the frequency for different discharge currents. Each de-
pendency family is located on a separate tab. The tech-
nique based on the use of expression (3) is the basis of the
technique for modeling the impedance of plasma of glow
discharge lasers.

Figure 6: Program for modeling the dynamic resistance
of glow discharge lasers

The results of calculating the dynamic resistance of the
plasma obtained by using the developed program was
analyze. At low modulation frequencies, the discharge
plasma exhibits weakly inductive properties, and the im-
pedance has a purely active value. Since under these con-
ditions the CVC is of a falling nature, the active compo-
nent of the discharge resistance R(f, /) will have a nega-
tive value, and be determined by the operating point on
the characteristic. With increasing frequency, the active
resistance of the discharge reaches a constant value equal
to the static discharge resistance. The dependence of the
reactive component of the resistance X (f, /) has a reson-
ance character. At high modulation frequencies, the plas-
ma does not have time to respond to external influences,
so the reactive component of the impedance tends to zero.
The advantage of the proposed method for calculating the
impedance of the discharge of laser tubes is that it allows
one to correctly assess the nature of the reactivity of the
discharge, the presence of active resistance of both signs

[4].

Conclusions

The result of the work is a set of experimental data, and
theoretical models that allow calculating plasma parame-
ters for glow discharge lasers. The calculation procedure
was implemented in the form of a software package that
allows performing analysis of static and dynamic plasma
parameters. The results obtained can be used to develop
systems for stabilizing the power of laser radiation. Also,
the obtained data can be used to select the parameters of
the gaseous mixture of glow discharge lasers when they

4(62)

are restored. These lasers can be used in medical equip-
ment.
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Introduction

Different spine diseases and injuries can damage the neural
structures, leading to neurologic complications up to paresis
and paralysis.. According to competent authors (Plane, 1988;
Dove, 1989; Riebel, 1993; Crawford, 1994), unstable spinal
fractures need a surgical treatment using ventral access and
occur more then 20% of the total number of occasions. In
current surgical practice, in order to reduce the pressure, the
damaged spine are getting immovably fixed with a metal
transpedicular system (TS), which consists of screws, beams,
or plates. Screws are inserted in the body of a spinal bone
above and below the damaged area along the lateral surface.
After installing the required amount of components, screws are
getting fastened together to form a stabilizing system. This
method allows patients to sufficiently rehabilitate and return to
an active full life.

Materials and methods

For this study, pedicle Sryker screws (USA) were chosen; they
have different geometric characteristics. The screws are an
integral part of the TS, they are made of titanium alloy
Ti-6Al-4V, it’s composition is regulated by ISO 5832-3:1996.
The vertebrae of the animals were selected as a bioobject.
Structure and properties of bone tissue of the spinal bones of
animals and human are similar [1-3], so the thoracic spine bone
of the ram were prepared for the test - thawed at room
temperature for 4-5 hours and treated with salt. To obtain the
most comparable test results, vertebrae of the thoracic spine
were used.

A dense cortical layer from the ventral side of the spinal bone
of the ram was 1.20 mm thick, with the dorsal side of 0.88 mm
thick. So that, the needle holes were made in the spinal bone
bodies. The depth of breakdown was not more than 2-2,5 mm
with a diameter of 1-1,5mm. The screw was installed into the
hole and screwed into the spinal bone for the entire length of
the thread of the leg, punching the cortical layer from the
opposite side. The spinal bone with the screw was fixed in the
grips of the Instron 3365 test machine so that the axis of the
screw formed an angle with the axis of the load application - it
was determined by means of its construction on the photo
(Figure 1). Traverse speed 2mm / min.

This kind of restraint deteriorates due to periodic stress during
its exploitation. There are several reasons: osteoporosis of the
bone tissue; material of the implant system does not match the
requirements for biocompatibility and bioinerticity; young's
modulus of bone tissue and the young's modulus of the material
of the implant structure are different.

In order to determine the maximum force of the screw’s
resistance during its axial extension, biomechanical tests were
carried out using the pull-out scheme. Also, the goal was to
determine the dependence of the traction load of the angle of
inclination of the screw, installed in the spinal bone, and to
evaluate the destruction of the spinal bone’s body.

Instron 3365 - universal testing system. We can use it to
perform static testing, including tensile and compression
applications.

According to ASTM F543 - 02 [4], the stress was applied
vertically upwards along the X axis (Figure 2). Figure 3 shows
the spinal bone in the grips of the test machine.

Figure 1: Position of the spinal bone with the screw in the
grips of the test machine, determination of the angle of
inclination.
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Figure 2: Global (a) and local (b) coordinate systems,
which were used in the tests

Figure 3: Vertebrae with a screw installed in the Instron
grips before testing

1. —the clamp for pull-out the screws

2. —the screw inside the vertebra of an animal

3. —the clamp for fixation of vertebrae
Results

The dependence of the maximum load of traction on the angle
of inclination of the screw relative to the axis of the applied
force was determined. The screw is tested in the pull-out
circuit. And the study of the influence of the geometric features
of screws, which were mounted in the vertebra at an angle of
16 £ 2°, on their resistance to axial extension was held.

The results of the study were listed in the table 1. It shows the
maximum forces for the axial extension of the screw and the
inclination angles. So we can see that the strength of the
resistance to axial traction decreases with an increase in the
angle of inclination of the screw

6(64)

Table 1: Angle of screw installation and maximum force
for the screw

Charact
eristics
/ Test 1 2 3 4 5
Number
Angle, | he105 | 18:0,5 | 14205 | 13205 | 5205
deg.

303 938 965 1073 1208
Load, N +2 +5 +5 +5 +6
Conclusions

As a result of experimental studies it was found that the
strength of the resistance to axial traction decreases with an
increase in the angle of inclination of the screw. An
increase in the angle of the screw installation by 9 ° led to a
deterioration in the fixation and removal by 20% of the
resistance to axial traction. The formed angle between the
axis of the screw and the axis of its extension led to an
increase in bone tissue damage.

An increase in the outer diameter of the screw leads to an
increase the trauma of the vertebrac - vertebrac were
cracked in tests when the screws were installed at an angle
of more than 5 °.
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Introduction

Ultrasound ablation is one of the most perspective meth-
ods of surgical treatment of lower limbs varicose veins
(LLVV). Currently, the ultrasound method is successfully
used for hemorrhoids sclerosis [1].

Study of the structure of pathological venous wall after
ultrasound exposure is an essential stage of ultrasound
ablation technological parameters tests. The goal of this
work is studying the possibility of using biomechanical
characteristics as assessment criterion for evaluation of
differences in pathological venous wall structure before
and after ultrasound ablation.

Materials and Methods

Ultrasound ablation technological parameters tests was
carried out on the samples prepared from the segments of
the great saphenous vein (GSV) trunk, taken during sa-
phenectomy in the Vascular Surgery Department of the
Russian Scientific Surgery Center n.a. B. V. Petrovskiy.
For the experiment were identified four groups with dif-
ferent modes of exposure to venous wall samples and a
control group. Five groups were formed in total:

a) control group (C);

b) treatment with sclerosant solution for 60 seconds (S 60
sec);

¢) contact ultrasound treatment for 60 seconds (U 60 sec);
d) ultrasound treatment with sclerosant solution for 30
seconds (U+S 30 sec);

e) ultrasound treatment with sclerosant solution for 60
seconds (U+S 60 sec).

After the stage of ultrasound ablation, the samples of the
venous wall were tested for uniaxial stretching using the
INSTRON 3365 machine in accordance with the method
described in [2]. A series of experiments was performed
in total on 110 samples of the venous wall in accordance
with the developed technology, and also the histological
research of the treated specimens in the Pathomorpholog-
ical Department of the Russian Scientific Surgery Center
n.a. B.V. Petrovskiy.

Biomechanical tests results processing was carried out in
Matlab software package. During processing, the values
of the maximum strain, &u,, the maximum stress, Gmax,
and the Young modulus, E, were determined for each
sample (fig. 1).

Based on the presence of several comparison groups, the
nonparametric tests of Kruskal-Wallis and Newman-
Keuls were chosen as the statistical method of data analy-
sis [3]. For the null hypothesis, it was assumed that the
various modes of processing the GSV samples do not af-
fect the biomechanical characteristics and the resulting
differences are random.
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Figure 1: Trends in the variation of biomechanical char-
acteristics of the venous wall in dependence to exposure
modes (see explanations in the text): a) the maximum
strain; b) the maximum stress; c) the Young modulus.

Results

As a result of a multiple comparison of the GSV samples
biomechanical characteristics under different modes of
exposure by the Newman-Keuls test, statistically signifi-
cant differences were found with p-value <0.01 between
groups with different parameters of ultrasound exposure
to the venous wall, a group of samples treated only with a
sclerosant solution and a control group. Statistically sig-
nificant differences were not found for the Young modu-
lus of samples, treated by the contact ultrasound for 60
seconds (U 60 sec) and samples, treated by the ultrasound
together with the sclerosant solution for 30 seconds (U+S
30 sec).

Conclusions

In the course of experimental studies, the influence of ul-
trasound on the biomechanical characteristics of the ve-
nous wall was evaluated. Based on the results of analysis
of the obtained experimental data, it was shown the expe-
diency of using biomechanical characteristics as a criteri-
on for assessing the differences in the structure of the
pathological venous wall before and after ultrasound abla-
tion.

Using the obtained experimental data, ranges of biome-
chanical characteristics corresponding to different modes
of exposure to venous wall can be determined. Thereby,
biomechanical tests can be used as an alternative to histo-
logical studies.
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Introduction

Modern tomography is a powerful tool for visualization of
internal structures of opaque objects [1-6]. Two classes of
tomography are known: transmission computed
tomography (TCT) and emission computed tomography
(ECT). In TCT the object under investigation is irradiated
by an external radiation. This radiation passed through the
object and partially attenuated is registered by a detector.
Initial information for a reconstruction, called projections,
is formed in accordance with the detector data. The
projections in TCT are Radon transform (RT) for a spatial
distribution of the absorption coefficient. The absorption
coefficient spatial distribution is formed by the inverse
Radon transform (IRT).

In ECT the spatial distribution of radiation sources
(radionuclide atoms) is reconstructed. The ECT exists in
two main forms. First one is single-photon emission
computed tomography (SPECT) and the second one is
positron emission tomography (PET) [5]. In SPECT,
single gamma quantum originating from a decay of
radionuclide atom is registered. In PET the detector
register a pair of gamma quanta that arises from the
annihilation of a positron, which originates from a decay
of radionuclide atom.

In ECT different factors affects detector data, e.g.
radiation scattering, quantum statistics, motion artifacts,
etc. Among these additional factors so-called solid angle
fraction (SAF) [1, 3] is very interesting. SAF is due to the
solid angle in which gamma quanta fall to the elementary
detector from each elementary volume of the radiation
source spatial distribution (fig. 1).

Elementary Source 1 Source 2
detector i i
= ———

Figure 1: The factor of the solid angle fraction is
proportional to the solid angle in which the radiation from
an elementary source falls on an elementary detector

In SPECT the radiation is detected by plane position-
sensitive detector (PSD) using heavy metal collimators.
For SPECT the main physical process is the generation of
radiation from the decay of radionuclide atoms. The
radiation absorption, in contrary to TCT, is an additional
objectionable factor that significantly deforms the
detector results. Projections in SPECT are exponential

Radon transform (ERT) for a spatial distribution of
radiation sources rather than RT. The methods of ERT
inversion were found only in 1979-1981 [8-10].
Therefore, to reconstruct the spatial distribution of
radiation sources the inverse exponential Radon transform
(IERT) is used. Before IERT was derived IRT was used
for the reconstruction of the spatial distribution of
radiation sources. To improve the quality of the
reconstruction approximate methods were used for a
correction of the radiation attenuation [1, 3].

Hereafter the influence of SAF to the quality of tomogram
reconstruction is investigated depending on a size of the
object and on the radius of the system. In addition the
iterative algorithms are proposed for the correction of
tomogram distortions in traditional reconstruction
methods.

Materials and Methods
Let s(x, y) be the spatial distribution of radiation sources

in a fixed coordinate system (x,y), Se(é,q) be the
spatial distribution of radiation sources in a rotating
coordinate system (&,C), which is rotated by an angle 6
with respect to a fixed coordinate system. In SPECT the
projections p(@, 6) taking into account SAF can be
written in the following form (fig. 1a):

IJZ‘ so(E.¢)

p(&,0)= Megg . (1)
1] (Rl - C)Z
In (1), the factor ﬁ is the factor SAF for SPECT.
-
Neglecting SAF it can be obtained
- 17 1
p(26)= R—lzjw s0(6. 0k = 2a o)) 2)

where R, {s(x, y)} is the exponential Radon transform of
the function s(x,y). Therefore in SPECT in order to
reconstruct the radiation sources spatial distribution the
inverse exponential Radon transform 9{;1 {0} is used:

5(x,y)=RIR, {p(e.0)}, (3)

where §(x,y) is an estimation of the reconstructed

function s(x, y) .
9(67)
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It is possible to estimate the influence of SAF comparing
original s(x, y) and reconstructed E(x, y). It is
interesting to investigate this influence depending on the
maximum size of the object and on the radius R; of the
plane PSD (fig. 2).

Collimator

Projection line
-

Figure 2: Scheme of measurements in SPECT: L;,L, are
the points of the projection line at outer boundaries of the
object, /[, are the points of the projection line at
boundaries of the radiation sources distribution,

R, is the radius of the plane PSD

To estimate the reconstruction quality a criterion U was
chosen, which is the wuniform deviation of the
reconstructed distribution of radiation sources from the
true one:

Nx N.V
2.2l =5
_ =1 j=l
U - Nx Ny ) ( 4)
b5 |
i=l j=l

where §;;is the discrete version of the true spatial
distribution s(x;,y j) of the radiation sources at the point
(x;,y j) , Ez‘j is the discrete version of the reconstructed
spatial distribution E(xl-,y j) of the radiation sources at
the point (X;,y j) , N, is the number of discrete image
elements along the x-axis, and N y is the number of

discrete image elements along the y-axis.

The idea of iterative approaching to the solution of linear
algebraic equations can be applied to integral algorithms

10(68)

in order to correct factors, which are not taken into
account in the exponential Radon transform, for example,
the SAF. In this case, the integral algorithm is used to
obtain the next approximation. In this algorithm the

zeroth approximation (x, y) is the image reconstructed
with the IERT. Then approximate projections of the first
order P (F;, 9) =R, {30 (x, y)} are taking into account the

SAF. The addition to the zeroth approximation is
calculated with the difference between the initial

projections p(E_,,G) and projections
P1(6.6) as As(x,y)=%."{p(,0)- p(0)}. The

first approximation is calculated as
S5 (x, y) =5 (x, y)+ As; (x, y) . Further, it can be
calculated approximate projections of the second order
12 (&, 9) =R, {51 (x, y)}, the second-order addition

As,(x,y)=R;" {p(&, 0)-p, (&, 9)} , and the second
SZ(x’y):sl(xay)+As2(x’y)~ Such

iterations can be repeated an unlimited number of times.
The criterion for the termination of the iterative process
can be the smallness of the change in the tomogram in
comparison with the previous iteration in accordance with
criterion (4).

approximate

approximation

To improve the convergence of the iterative process, we
can additionally use the idea of the correction matrix. This
method was proposed for a correction of the radiation
absorption in SPECT when the inverse exponential Radon
transform had not been found [8]. In our case, the
elements of the correcting matrix at each point of the
object will characterize the distortions introduced not by
radiation absorption, but by SAF.

In order to find a correction matrix, consider the
reconstruction of a point radiation source with a unit

intensity located at a point (xo,yo) with and without
SAF. Then the initial distribution of radiation sources is

S0 (x, y) = 5()6 — Xy )6()7 - yo), where 6(0) is the Dirac

delta function. It can be obtained
p(§,9)= Me” % for the projections with SAF
(Rz - Ce
and ]N)(ﬁ, 6) = %&—Téez) "% for the projections without
2
SAF, where Eg =X c0s 0+ y,sinb,

Co =—xysinO+y,cosO. Using the filtered back

projection method with the filter function /Ay (é) for
reconstruction it can be obtained for the reconstructed

distribution at the point (XO Yo ) :
2% eHGo

S(XO » Yo ) = h] (O) J' ——db with SAF and
0 (Rl ~Co )z
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s (xo, y0)= — Ie“ °d0 without SAF. Let us define
Ry

the element of the correction matrix at the point (XO, yo)

F(XO > Yo )

S(Xano).

as c(xo,yo)z Then for an arbitrary point

(xo ) )’o) :
HCe,

:z: 1Go :E: . (5)
1 i=1 l](Rl Cei)z

where 0; is the discrete value of the rotation angle 6 and

anyO

N is the number of discrete values of the rotation angle.

Results and Discussion

For our study the distributions of radiation sources were
selected of two next types:

1) disk distribution with amplitude Sy, which is
homogeneous in the interior of the circle with radius R,

centered at the coordinate origin (fig. 3);
2) more complex distribution like Shepp-Logan
phantom in the interior of the circle with the

same radius Ry (fig. 4).

PSD

R,

2R

Figure 3: Disk distribution

PSD

R,

2R,
Figure 4: Distribution like Shepp-Logan phantom

The SAF factor influences significantly to the
reconstruction accuracy in emission tomography. In
general, taking into account SAF, the tomogram

reconstruction accuracy is improved when the size of the
object is decreasing and the PSD radius in SPECT is
increasing. The influence of SAF is stronger for simpler
objects compared more complex objects.

The proposed iterative method correcting SAF influence
improves significantly the reconstruction accuracy. The
tomogram reconstruction accuracy is greatly improved
after 5-10 steps of the iterative algorithm. The use of the
correction matrix accelerates the convergence of the
iterative algorithm.

It is interesting that the value of the reconstruction error
becomes even less than in the absence of the SAF factor.
This is due to the fact that the iterative algorithm corrects
not only the errors associated with SAF but also other
errors in the implementation of the algorithm for the
inverse exponential Radon transform itself. For example,
these errors are sampling errors, the inaccurate
regularization of the ill-posed inverse problem, etc.

Conclusions

The proposed algorithms can be used to improve the
tomogram quality if tomograph native algorithms have
been utilized for the reconstruction. Moreover, the
obtained results can be used to develop new software for
existing tomographs.

References
[1] Image Reconstruction from Projections:
Implementation and Applications. Ed. by G.T.

Herman. Springer-Verlag. New York, 1979.

[2] G.T. Herman. Image Reconstruction from Projections:
The Fundamentals of Computerized Tomography.
Academic Press. New York, 1980.

[3] G.A.Fedorov and S.A. Tereshchenko. Computed
emission tomography. Energoatomizdat. Moscow,
1990. [In Russian].

[4] S.A.  Tereshchenko. = Methods of computed

tomography. Fizmatlit. Moscow, 2004. [In Russian].

[5] Emission Tomography: The Fundamentals of PET and
SPECT. Ed. by M.N. Wernick and J.N. Aarsvold.
Elsevier Academic Press. San Diego, 2004.

[6] W.A. Kalender. Computed Tomography:
Fundamentals, System Technology, Image Quality,
Applications. John Wiley & Sons, London, 2011.

[7] S.A, Tereshchenko, Lysenko A.Yu. and D.A. Potapov.
Solid Angle Fraction in Single Photon Emission
Computed Tomography. Meditsinskaya Fizika
(Medical Physics), 2:38-46, 2017. [In Russian]

[S]L.T. Chang. A method for attenuation correction in
radionuclide computed tomography. IEEE Tr. on
Nuclear Science, NS-25:638-643, 1978.

Acknowledgements

This work was supported by the Ministry of Education
and Science of the Russian Federation (agreement No.
14.584.21.0021, identifier RFMEFI58417X0021).

11(69)



Proceedings of the Russian German Conferencee
on Biomedical Engineering

Animal Trials of Wearable Apparatus for Peritoneal Dialysis

N.A. Bazaev, N.I. Dorofeeva, V.M. Grinvald’, B.M. Putrya, N.A. Zhilo

National Research University of Electronic Technology. Shokin Square 1, Zelenograd, Russia
Contact: PutryaBM@gmail.com

Introduction

Chronic kidney failure (CKF) is a pathological
condition which can be characterized by lowering metab-
olite and water removal rate and insufficient organism’s
homeostasis [1]. In 2010 the number of patients suffering
from end-stage kidney failure (ESKF) excided two mil-
lion people [2], [3]. Nowadays kidney transplantation is
the only method of ESKF treatment. Alas, the amount of
donor kidneys is not enough to supply all patients with
donor organs. Organ rejection is another problem which
can occur after kidney transplantation. In view of prob-
lems listed above renal replacement therapy (RRT) is vital
necessity for patient with CKF. Blood purification and
ultrafiltration are the main functions of RRT. There are
two widespread RRT modalities commonly used nowa-
days: hemodialysis (HD) and peritoneal dialysis (PD).
Although both methods provide sufficient blood purifica-
tion, they have the following disadvantages: hemodialysis
requires about 150 liters of dialysate per procedure, thus
this therapy can be performed only in specialized dialy-
sate centers. Moreover HD can cause low blood pressure
and blood clots in dialysis access. Peritoneal dialysis re-
quires frequent (4-6 per day) exchange of spent solution
for peritoneal dialysis which increases the probability of
peritoneal cavity contamination. Peritonitis is the main
issue of PD which causes inflammation of peritoneal cavi-
ty and makes further PD procedures impossible.

Dialysate regeneration is method of spent solution
purification which can potentially solve issues listed
above. One of the major challenges of dialysate regenera-
tion is urea elimination, since this metabolite is poorly
removed by sorbent materials. Alternative dialysate re-
generation methods such enzymatic and electrochemical
methods can be use as alternative methods for urea re-
moval; however chemical byproducts of electrolysis and
urea hydrolysis are the main disadvantages of these meth-
ods. In this case different dialysate regeneration ap-
proaches can be combined to overcome these issues. For
example combination of enzymatic and sorbent methods
provides adequate urea and ammonia elimination and at
the same time allows maintaining dialysate ion concentra-
tion in wearable artificial kidney (WAK) [4]. Therefore
different variations of dialysate regeneration methods can
be potentially used in WAK technology.

In this work combination of sorption and electrochem-
ical methods was applied as dialysate regeneration ap-
proach. Sorption method can clean waste dialysate from
different organic products of patient’s metabolism includ-
ing nitrogen bound substrate such as uric acid and creati-
nine and aromatic substrates such as phenol and p-cresol
[5]. This method can also control ion concentration and

12(70)

pH of the dialysate. However most sorbents including ion
exchange resins and majority of activated carbon modifi-
cation have low capacity for urea, which is the main
downside of sorption method. For purpose of urea elimi-
nation electrochemical method can be applied. This meth-
od can continuously eliminate urea from the solution by
means of direct anode oxidation. Urea oxidation rate de-
pends on different parameters such as current density, ac-
tive anode surface, electrode type, solution ion composi-
tion, pH of the solution etc. Ability to regenerate working
electrodes and urea elimination effectiveness are the main
advantages of this method. However free-chloride and
chloride-bound substrates generate during electrolysis. In
addition electrochemical method acidifies solution during
electrolysis and changes its ion composition. Intensive gas
generation should also be taken into consideration. There-
fore dialysate regeneration system based on this method
requires additional degassing unit, post-treatment sorbent
column and pH stabilizer for a proper and save function-
ing. Preliminary studies of this method were performed in
the following papers: [6], [7].

In this study WAK with regeneration unit based on
sorbent and electrochemical methods was tested on ani-
mals.

Materials and Methods

In this work dialysate regeneration by means of
sorbent and electrochemical methods was applied in ani-
mal trials. Animal trials were performed with usage of the
following solutions for peritoneal dialysis: Fresenius Bal-
ance (glucose 1.5 %) and Extraneal (Baxter). Initial pH of
both solutions was 5.4. Fresenius contains glucose as an
osmotic agent (glucose concentration — 1.5%). Extraneal
contains icodextrin as an osmotic agent. Composition of
the solutions is presented in tables 1 and 2.

Table 1: Fresenius Balance (glucose 1.5 %)

Ion Concentration, mmol/l
Calcium (Ca*™) 1,75
Sodium (Na*) 134,0
Magnesium (Mg™™") 0,5
Chloride (CI") 103,5

Table 2: Extraneal (icodextrin — 75 g/1)

Ion Concentration, mmol/l
Calcium (Ca™") 1,75
Sodium (Na*) 133,0
Magnesium (Mg*™") 0,25
Chloride (CI") 96
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Peritoneal WAK system with described dialysate re-
generation unit was tested on two dogs with weight 15 kg.
Dialysate solution changed every 12 hours. Concentration
of ions and nitrogen-bound substrates in dialysate was
measured every hour. Scheme of the experiment is pre-
sented on figure 1.
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Figure 1: Experimental scheme of animal trials (UF —
ultrafiltrate, EO-cell — electrochemical cell)

Experimental set-up included WAK system with dia-
lysate regeneration module connected to dog’s peritoneal
cavity through catheter, control unit and receiving device
(smartphone) for WAK-system control. Dialysate regen-
eration unit included dialyzer, sorbent units and electro-
lyzer. Dialyzer blocked protein and high-molecular sub-
strates, thus preventing protein contamination of pumps
and electrochemical cell. Sorbent units eliminated uric
acid, creatinine and electrolysis byproducts, while elec-
trochemical cell oxidized urea. Regenerated solution then
came back to peritoneal cavity. The following materials
were used in dialysate regeneration unit: sorbent units
were filled with activated carbon FAS (100 g per unit);
for urea elimination Ti/Pt electrodes with cumulative sur-
face 300 cm? were added in EO-cell. Obtained results
were compared with the following referent values [8]:
urea 4-6 mmol/l, creatinine up to 176 pmol/l, uric acid up
to 160 pumol/Il.

Biotechnical system was divided on two parts. The
first part was animal peritoneal cavity connected to dia-
lyzer through the catheter (intracorporeal circuit). Fresh
dialysate pumped into cavity. Wasted solution then came
in the dialyzer where uremic metabolites diffused through
the membrane to the dialysate in extracorporeal circuit. In
extracorporeal circuit solution circulated through the dia-
lysate regeneration unit. Dialysate circulation was per-
formed by three peristaltic pumps: one in the intracorpo-
real circuit and two in the extracorporeal circuit.

Acute kidney disease (AKD) was provoked by infu-
sion of mixture of 3 ml Diclophenac and 15 ml Ultravist.
AKD was lately confirmed by blood test. To prevent
catheter damage and animal injure the subject animal was
sedated during the experiment.

Concentration of nitrogen-bound substrates, ion com-
position and pH were measured on biochemical analyzer
Stat Fax 3300. Control of dialysate regeneration unit

functioning was performed through the laptop. In particu-
lar electrochemical cell performance (such as current den-
sity and time of electrolysis) was controlled manually
through laptop software.

Results

The main results of medical trials are presented on
figures 2 and 3
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Figure 2: Urea concentration dynamics in the dialysate
during WAK animal trials
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ics in the dialysate during WAK animal trials
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Developed dialysate regeneration unit effectively
eliminated nitrogen-bound metabolites due to their ad-
sorption on activated carbon and direct anodic oxidation.
While creatinine and uric acid concentrations in dialysate
solution did not exceed 50 pumol/l, urea concentration in-
crease was observed during the experiment. To prevent
intensive chloride byproduct generation EO cell worked
only when urea concentration was close to 10 mmol/l.
Overall nitrogen-bound substrates concentration stayed on
physiological level during the trials and did not exceed
critical values.

Necessity of electrolysis time control was the main is-
sue of tested dialysate regeneration unit. In case of low
urea concentration free-chloride and chloride-bound sub-
strate generation becomes the main anode reaction. To
eliminate these byproducts additional sorbent units are
needed [9]. Moreover additional electrodes for urea detec-
tion have to be developed and applied to the system. Elec-
trochemical cell functioning thus has to be automated. As
a result electrochemical cell should work only if urea
concentration in the solution gets close to or exceeds
10 mmol/l.
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Another main obstacle of dialysate regeneration was
poor potassium elimination. During animal trials potassi-
um concentration increasing was observed. During the
first hour of experiment potassium concentration in dialy-
sate drastically increased from 0 to 2.6 mmol/l. After that
potassium concentration steadily increased during perito-
neal dialysis procedure. Twelve hours later potassium end
concentration was 3.17 mmol/l. Next twelve hours after
dialysate change potassium concentration continued in-
creasing. In future version of dialysate regeneration unit
specialized ion exchange resins will be needed for potas-
sium elimination.

During dialysate regeneration chloride concentration
increased which was also observed which can be ex-
plained by the following processes: ion diffusion through
peritoneal membrane in the solution; ion generation dur-
ing anode electro-oxidation process. The second phenom-
ena can be explained by low urea concentration in the so-
lution. As urea concentration drops below 6—8 mmol/l,
generation of chloride gas, chloride-bound byproducts
and chloride ion become the main anode process on anode
surface. Thus electrochemical method can be effective in
case of high urea concentrations (15 mmol/l and higher).
Chloride-bound substrates generation can be decreased by
EO-cell working mode control. For that development of
specific urea sensor is essential.

Discussion

Overall presented dialysate regeneration unit eliminat-
ed nitrogen-bound substrates from spent dialysate and
maintained their concentration on physiological level. Ac-
tivated carbon and sorbent materials in general are effec-
tive in case creatinine and uric acid elimination. In addi-
tion specific types of activated carbon maintain pH and
ion concentration on appropriate level. However sorbent
method was ineffective in case of urea elimination. For
urea concentration control electrochemical method was
applied. Despite of its efficiency this method had follow-
ing restrictions: chloride gas and chloride-bound sub-
strates are the main byproducts of electrolysis, thus addi-
tional dialysate treatment was required; electrochemical
method is ineffective on urea concentrations below
5 mmol/l ergo additional urea sensor for EO-cell work is
needed. The main disadvantage of presented system —
lack of fine-dispersed sorbents for protein elimination,
which have to be added in the next step of WAK devel-
opment. System also requires additional ion-exchange
resins for potassium and chloride elimination

Conclusions

Presented dialysate regeneration unit for WAK-system
effectively removed nitrogen-bound substrates. It did not
affect dog’s physiological state; however additional bio-
compatibility tests are required. For effective electro-
chemical cell functioning additional urea sensor might be
needed. To remove proteins, protein-bound substrate and
high-molecular substrates fine-dispersed sorbents are
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needed. Presented dialysate regeneration unit can be used
in further WAK development.
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Introduction

The aim of this work is to develope a feedback
unit based on a strain gage force sensor integrated into a
robot-assisted venipuncture system to control the
rectilinear catheter insertion in order to minimize post-
injection complications caused by mechanical damage to
vessel wall [1-3].

When the carriage of an automated system with a
installed catheter moves, the catheter exerts pressure on
the strain gage force sensor, which changes its own resis-
tance in proportion to the force acting on it.

Materials and Methods

To obtain the characteristic signals at the mo-
ment of vessel wall puncture, a laboratory stand was
designed. The mechanical and electrical part of the stand
includes: a carriage with guides, a rack gearing, a DC mo-
tor with GM12-N20VA gearbox (500: 1 ratio), an L293D
motor driver and a signal recording unit. The signal re-
cording unit consists of the following main elements:

e FlexiForce A201 strain gage force sensor (max-
imum applied force 4 N) from the Tekscan man-
ufacturer, which is attached to the carriage [4];

e inverting voltage converter ICL7660;

e MCP602 operational amplifier for realizing an
inverting amplification stage;

e Arduino Nano platform with ATmega 328 mi-
crocontroller with built-in 10-bit ADC module.

Experimental studies were conducted on differ-
ent biological phantoms. A strain-gage force sensor was
installed between the carriage, which drives the catheter
and the catheter itself. This position allows to achieve the
maximum sensitivity of the strain gage sensor to the
catheter at the moment of puncture of the phantom. The
used biological phantom in the first series of experimental
studies is presented in Figure 1, the biological phantom is
a gelatin, which simulate the soft tissues and an artificial
tissue vessel as well as a sealed food layer in a gelatin. The
food sheath was chosen to simulate the vessel wall,
because it is structural similarity. In the second and third
series of experimental studies, the soft tissues were simu-
lated by a pork meat fragment; the blood vessel in the first

case was simulated by a soft rubber tube with an internal
pressure of 136 mm of water. (Mean venous pressure), in
the second case - using a thin-walled tube made of poly-
vinyl chloride. The main principle of the three types of
phantoms is to simulate the transition from soft tissue to
the vascular bed with a higher density border.

force sencor needle
Wz
V=3mm/s=c . [P
. ¢ elatin  artificial
‘ vessel
A —— ]
AN |
!/ @) .
food
sheath

Figure 1: The image of the phantom

Analyzing the obtained signals during the third
series of experiments (the characteristic form of signal is
shown in Figure 2), it was difficult to uniquely determine
the moment of vessel wall puncture. Therefore, it was
decided not to use these signals to estimate the
characteristic parameters of the signal as well as during
the algorithm designing.
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Figure 2: Characteristic signal form
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The obtained signals in the first and second se-
ries of experiments had a similar shape, which is shown in
Figure 3. The following signal characteristic parameters
were selected for their further analysis:

punching duration (deltaT), s;

peak value, N;

local minimum after puncture, N;

the ratio of the maximum and mini-
mum.

The results of the experiments are shown in Tables 1-3.

| deltaT
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/
10 12 . 13 16
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Figure 3: Selected characteristic signal parameters

Table 1: The results of the first series of experiments, the
phantom: food sheath

02:03 0,76 0,39 1,95 1,38
Average 0,76 0,34 2,2 1,48
Deviation 0,32 0,07 0,64 0,16

Table 3: The results of the third series of experiments, the
phantom: a rubber tube with an internal pressure of 136
mm of water article

peak milnoi(r:gl m . Punching
value u ratio duration
No. after max
(max), - (deltaT),
N puncture min sec
(min), N
03:01 0,35 0,17 2,06 1,61
03:02 0,48 0,25 1,92 1,76
03:03 0,4 0,2 2 2,312
03:04 0,48 0,33 1,45 2,28
Average 0,43 0,24 1,86 1,99
Deviation | 0,064 0,07 0,28 0,36
Results

local .

. Punching

peak va- | minimum | ..o Juration

Ne, lue (max), after max

- (deltaT),

N puncture min sec
(min), N

01:01 0,97 0,45 2,15 1,96
01:02 1,14 0,55 2,07 1,94
01:03 1,32 0,8 1,65 2,35
01:04 1,19 0,6 1,98 2,17
01:05 1,24 0,61 2,03 1,97
Average 1,17 0,6 1,98 2,08
Deviation 0,131 0,127 0,192 0,178

Table 2: The results of the second series of experiments,
the phantom: artifition vessel

local
cak va- mini- ' Punching
p mum af- ratio duration
No. lue max

(max), N ter punc- — (deltaT),

’ ture sec

(min), N
02:01 0,43 0,25 1,72 1,4
02:02 1,08 0,37 2,92 1,67

16(74)

Based on the results of the experimental studies,
discrete signals were obtained, which were used to
develop an algorithm for recognizing the vessel wall
puncture. The algorithm is based on the analysis of the
amplitude-time parameters of the obtained signals. It is
shown that the applied electrical circuit for signal recor-
ding satisfies the assigned task. It is established that the
received signals are qualitatively similar to the signal
from the literature sources [5] and have a coincidence in
order of the measured value (force acting on the force
sensor). Based on the literature data, a conclusion about
the permissible adjustment of the measuring equipment
was made.

Conclusions

As a result of this study, a feedback module was
developed to control the introduction of a peripheral ca-
theter on the basis of a strain gage force sensor capable of
detecting the moment of vessel wall puncture.
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Introduction

Dialysate regeneration process can be potentially used
in wearable artificial kidney (WAK) development as a
method of uremic toxins removal [1-3]. These toxins and
metabolites include nitrogen-bound substrates (urea, uric
acid, creatinine etc), aromatic substrates (such as p-
cresol), phosphates, nitrates etc. For purpose of dialysate
regeneration the following approaches can be used:
sorbent method [4], electrochemical method [5, 6], enzy-
matic method [7] etc. Each of them has its own ad-
vantages and disadvantages and overall different combi-
nations of methods listed above can be used for effective
dialysate regeneration. Nitrogen-bound substrates remov-
al is one of the main issues of dialysate regeneration.
While sorbents can effectively remove creatinine and uric
acid, they are not effective in case of urea elimination.
Thus alternative solution has to be found. In this paper
urea electrochemical oxidation on diamond and platinum
electrodes was investigated.

This paper is dedicated to electrochemical urea oxida-
tion method. All experiments were performed in acidified
solution (pH = 5.4). The following reactions might take
place on anode and cathode surfaces and in the solution
during electrolysis of acidified solution:

Cathode:
H', Ca**, Na*, Mg?*, CI', H,O

Anode:
(NHz)zCO, HzO, Cr

Oxidation of urea, CI°
and water

Reduction of H and water

C| 3 2H* 4 2e7=H,1

2H,0+ 2e== Hal + 201—1—} +de
Al 1
20— 2e” = Cl, T

(NH,),CO + H,0 — 6e~ = N, T +C0, 1 + 6H*
-12e”
2H,0 — 4e” = 0, T +4H*

Molecular formula for anode urea oxidation:
(NH2)2CO + 3H20 + 2HCI = 6H21 + N2t + CO21 + 021+ Cl2t

The following reaction might take place in the solution:

0 +1 -1
Cl, + H,0 = HCIO + HCl

Urea hydrolysis in acidified medium can be presented by
the following reaction:

(NH,),CO +2H" + H,O = ZNHI + CO2

18(76)

(NH,),CO + 2HCI + H,0 = 2NH,Cl + CO,?

Urea reduction can also take place due to urea’s reaction
with atomic hydrogen during its generation on cathode
surface:

0 +4 +2 +1
2H+(NH,), CO+2H,0=C0 T +2NH,-H» 0

Urea oxidation can take place in the solution due to its
reaction with hypochlorous acid:

-3 +1 0 -1
(N H,),CO+3HCLO =N, T +3H Cl+C0O, T +2H,0

It should be emphasized that during urea electrochem-
ical oxidation different toxic byproducts (including sodi-
um hypochlorite) are generated and accumulated in the
solution. To resolve this problem different types of mate-
rials can be used including ion-exchange resins and non-
selective sorbents such as activated carbon.

Materials and Methods

In this work dialysate regeneration by means of
electrochemical oxidation method has been investigated.
Effectiveness of electrochemical dialysate regeneration
depends on multiple factors, such as initial ion composi-
tion of dialysate solution, initial concentration of nitro-
gen-bond substrates, pH of solution, solution initial tem-
perature, current density, electrode surface, electrode ma-
terial etc [8—13]. In this article all experiments were per-
formed in a solution for peritoneal dialysis Fresenius Bal-
ance (glucose 1.5 %). Initial pH of the solution was 5.4.
The solution contains glucose as an osmotic agent (glu-
cose concentration — 1.5%). Composition of the solution
is presented in table 1.

Table 1: Fresenius Balance (glucose 1.5 %)

Ton Concentration, mmol/l
Calcium (Ca™") 1,75
Sodium (Na*) 134,0
Magnesium (Mg™) 0,5
Chloride (CI) 103,5

The model solution contained 30 mmol I"' of urea. So-
lution was recirculated through hermetic electrochemical
cell with rate 50 ml/min. Cumulative anode surface for
each electrode type was 150 cm?. The volume of the
model solution was 500 ml.

The following electrode types were chosen for exper-
iment: smooth-platinum films deposited on titanium sub-
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strate and boron-doped diamond films deposited on tita-
nium substrate.

Preliminary cyclic voltammetry (CV) for electrode
samples was studied. Experimental three-electrode cell
for CV is presented on figure 1.

Figure 1: Three-electrode experimental cell for CV
studies: 1 — electrode sample; 2 —table; 3 — lifting mecha-
nism; 4 — salt bridge; 5 — reference electrode Ag/AgCl; 6,

7 — auxiliary electrodes; 8 — argon purge system

Cell top had five polished outlets for electrodes and
argon flow system. Auxiliary electrode was separated
from anode space with glass filter. Argon gas to provide
inert medium inside the system was circulating through
electrochemical cell. Reference electrode Ag/AgCl was
linked to worked electrode through salt bridge filled with
saturated solution of potassium chloride.

Experimental set-up is presented on figure 2.

PP

Ll?

Thermostat with

dialysate EO
3
Urea concentration ' l ‘
o
pH
Ton composition Working mode
Digital Digital p—
data data
' )
Potentiostat

Biochemical
analyser

PC
Figure 2: Experimental set-up for electrode samples test-
ing: PP — peristaltic pump; EO — electro-oxidation cell

Urea concentration, pH and ion composition of the so-
lution were controlled on biochemical analyzer
Stat Fax 3300. Potentionstat PI-50-Pro controlled electro-
chemical cell working mode. All gathered data was pro-
cessed and stored on personal computer. 1 ml of dialysate
sample was taken every hour for urea and pH concentra-
tion measurement. Current density was 5 mA cm™.

Results

Cyclic voltammetries for platinum and diamond elec-
trodes were studied.

Figures 3 and 4 present the cyclic voltammetries ob-
tained with diamond and Pt electrodes in the solution for
peritoneal dialysis with a scan rate of 10 mV s for dif-
ferent urea concentrations.

0 Cv for diamond electrodes

2

j, BA cm

E/V vs Ag/AgCl
Figure 3. Cyclic voltammetry obtained with diamond
electrode in the solution for peritoneal dialysis (Fresenius)
for different urea concentrations (scan rate — 10 mV s™)

In case of diamond electrodes, the presence of urea de-
creases current density in potential regions from -1000 to
-500 mV vs Ag/AgCl and from 1000 to 2000 mV vs
Ag/AgCl.

CV for smooth platinum

2

j, BA cm

L
550

E/V vs Ag/AgCl

Figure 4. Cyclic voltammetry obtained with smooth plat-
inum electrode in the solution for peritoneal dialysis
(Fresenius) for different urea concentrations (scan rate —
10 mV s!)

In case of cyclic voltammetry for smooth platinum
electrode urea presence also altered the curve shape. Urea
presence changed current density in the potential regions
from -400 to 200 mV vs Ag/AgCl. At the same time, no
current density change was observed on potential region
from 1100 to 1400 mV vs Ag/AgCl. Observed phenome-
non on both electrodes can be explained by electrode sur-
face blockage due to urea adsorption on electrodes.
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In the next stage urea oxidation rate for different elec-
trode types was studied. Diamond and Ti/Pt electrodes
were selected for this purpose. The main results of the ex-
periment are presented on fig. 5.

Concentration.

V ¥V Ti/Pt(practice)
— Ti/Pt
20 O O Diamond(practice)

- Diamond

Time, h

6.0

V V Ti/Pi(practice)

— Ti/Pt

O O Diamond(practice)
- Diamond

5.5

Time, h ’

b

Figure 5. Results of experiment: a) urea concentration as
a function of time; b) pH as a function of time

For Ti/Pt electrode wurea oxidation rate was
69.54+4.3 mg h'!, while for boron-doped diamond elec-
trodes - 30.60+4.1 mg h'l. The fact that platinum elec-
trodes had higher urea elimination rate in comparison
with diamond can be explained by catalytic properties of
platinum.

Both diamond and platinum electrodes decreased pH
of dialysate from 5.2 to 3.2. Increase of chloride was ob-
served for both electrode samples. The highest chloride
increase rate was observed for platinum electrodes
(541 mM h'). For diamond electrodes chloride the in-
crease rate was 2+1 mM h!. Ti/Pt produced 0.142+0.02
mg of sodium hypochlorite during the experiment, while
sodium hypochlorite production was not observed for di-
amond electrodes.
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Discussion

Cyclic voltammetries for both platinum and diamond
electrodes in the solution for peritoneal dialysis have
shown the tendency of urea to be adsorbed by electrode
surface, which led to decrease of current density and
change of the curve shape. At the same time, it was im-
possible to estimate what anode potential was preferable
for potentiostatic urea oxidation. According to [14] exper-
iments of potentiostatic urea oxidation mode demonstrat-
ed that this mode was ineffective due to low reaction ki-
netics. During the experiment, low urea oxidation rate
was observed.

Galvanostatic urea-oxidation mode proved more ef-
fective than galvanostatic mode; however, it affected so-
lution ion composition and pH and increased sodium hy-
pochlorite generation in case of Ti/Pt. It is remarkably
that hypochlorite generation was not observed for dia-
mond electrodes. It should be also noted that ion chloride
concentration increase on diamond was less intense in
comparison with Ti/Pt, although diamond acidified solu-
tion with the same rate as platinum. These properties
could possibly compensate low urea-oxidation rate; how-
ever, diamond electrodes were not stable and degraded
during electrolysis due to high current density
(5 mA cm?), which excluded diamond electrodes as a
candidate for dialysate regeneration.

Ti/Pt electrodes was approved as more stable material
with higher urea oxidation rate, but high sodium hypo-
chloride generation rate, electrolysis influence on ion
composition and pH of the solution should be taken into
consideration. These issues can be resolved by adding ion
exchange resins, activated carbon and degasser in dialy-
sate regeneration unit.

Conclusions

Titanium diamond electrodes had lower oxidation rate
and did not produce sodium hypochlorite, and at the same
time they were unstable and dissolved during electrolysis
which made this electrode type inappropriate for dialysate
regeneration unit. Ti/Pt was the most stable material in
case of electrolysis with higher urea oxidation rate and
thus it is still the most prominent material for renal re-
placement therapy with regeneration.

Urea electro-oxidation on platinum electrodes may be
potentially used in case of dialysate regeneration. Howev-
er, pH stabilization of the solution is required. This issue
can be resolved by adding activated carbon column. Fu-
ture research will be warranted to investigate the possi-
bilities of ion composition and pH control in closed-loop
dialysate regeneration system during the process of urea
electrochemical oxidation.
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Introduction

The method of visual evoked potentials (VEP) is a meas-
urement of brain bioelectric activity recorded at scalp sur-
face, which arises in response to visual stimulation. Vari-
ous paradigms are commonly used for visual stimulation:
a reversible chess pattern (RCP), a VEP in response to
switching on and off a pattern, VEP in response to a flash.
Each of these paradigms has its own advantages and dis-
advantages [1]. In this paper, we propose to use a RCP
method for more stable VEP component detection [1,2].
The VEP method is used in clinical practice to assess the
optic nerve condition in such cases: traumatic injury, di-
agnosis of hereditary and other atrophies of the optic
nerve (neuritis, demyelinating diseases), diagnosis of tox-
ic neuropathy, assessment of vision in various visual ag-
nosias, functions in patients with impaired consciousness,
perimetry and visual field disturbances: hemianopsia, cor-
tical damage, differential diagnosis of lesions at the pre-
and post-chiasmal level [2].

The main cause of visual pathway damage is brain vessels
blood circulation violation (80%), brain tumors (16%),
inflammatory, demyelinating and degenerative processes
(4%). Most often affects the cortex of the optic path in the
occipital lobe (51 %), visual irradiation (29 %) and the
posterior part of the optic tract and the lateral geniculate
frame (21 %). The cortex of optic path in occipital lobe
(51%), visual radiance (29%) , the posterior part of the
optic tract and lateral geniculate body (21%) are most of-
ten affected.
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m Cortical section
of the optic path
in the occipital
lobe
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geniculate
frame

Figure 1: Statistics of lesions of different parts of the vis-
ual tract

There are specified recommendation for VEP registration
[1,3,4], however, such standards do not take into account
influence on the recorded VEP amplitude, which can be
occurred by such bioobject parameters as: thicknesses,
heterogeneities of various anatomical structures, changes
in tissue conductivity under different conditions and else.
Visual stimulation using small photo stimulation matrix
sizes (less than 5 °) is also a separate issue, since there is
a connection between the stimulation of a certain quadrant
of retina and its projection on visual cortex [S]. The de-
velopment of such technique will increase the accuracy of
impaired visual cortex functional activity localization.
The main goal of this work is to estimate the stimulation
parameters on the RCP and electro physical parameters
for the VEP amplitude.

Materials and Methods

Electrodes are placed according to the international sys-
tem "10-20", ipsilateral ear electrodes were used as refer-
ence electrode; the earth electrode was installed on Nasi-
on (Figure 2).

The EEG recording was performed using "NeuronSpectr-
5". The sampling frequency is 500 Hz, the signal was fil-
tered in the frequency band from 0.7 to 35 Hz.

The electrode-skin impedance was measured at the begin-
ning of the experiment and it was checked that the elec-
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trode-skin impedance did not exceed 20 kQ. during the
experiment.

Figure 2: Schematic placement of electrodes «10-20»

In order to evaluate the optimum stimulation parameters,
the signal was recorded at 3 different LED matrix sizes
(Figure 3), the operating modes of which were changed
using the Arduino Uno board.

Stimulation mode:

A) Matrix 3x3, the matrix dimensionsis 1 °x 1 °

B) Matrix 5x5, the matrix dimensions is 1.8 ° x 1.8 °©

C) Matrix 8x8, the matrix dimensionsis 3 °x 3 °

To synchronize the LED matrix operation and the EEG
registration, a PS / 2 cable was used from the electroence-
phalograph photo-stimulator, through which a signal was
given at the RCP switching time. The EEG signal was re-
corded from O2A2, OzA2 - leads, where the VEP
amplitude are most indicated.

Figure 3: LED matrix in 5x5 mode.

Table 1: Experimental conditions

Age, years 20
Female or male male
Distance to the matrix, cm 65
Room temperature, °C 24
Illumination of the room, lux 570
Noise in the room, dB 49,5

Stimulation frequency, Hz 1
Time of stimulation, s 200

To assess the influence of skull layer thickness on poten-
tial amplitude, a numerical modeling was carried out. An
ellipsoidal three-layer model of the head (layers: brain-
skull-scalp) has been used in this work. All ellipsoids are
concentric. The corresponding semi-axis of ellipsoids are
proportional, therefore the scalp layer thickness and the
skull bone is constant. As a dipole, a current dipole was
used. The dipole is located in the occipital region, at a dis-
tance of 2 cm from the inner surface of the skull bone.
The main used parameters in the proposed model are in-
dicated in Table 1. The dipole characteristics are taken
from literature [2].

Table 2: Basic parameters of model

Title Value
Length of head, m 0.24
Width of head, m 0.144
Head height, m 0.1
Skull thickness, m 0.05
Thickness of scalp, m 0.05
Specific conductivity of the scalp, 0.33
(Ohmxm)”!

Specific conductance of bone, 1x107
(Ohmxm)’'

Specific conductance of brain tissue, 0.33
(Ohmxm)’'

The position of the dipole along the x 0.1
axis, m

The position of the dipole along the y 0
axis, m

The position of the dipole along the z 0.01
axis, m

The direction of the dipole along the x 1
axis

The direction of the dipole along the y 0
axis

The direction of the dipole along the z 0
axis

Amplitude of a dipole, AXm 6.4x10™

Results

Figure 4 shows the visual evoked potentials recorded
from O2 electrode. The graph compares the obtained sig-
nals in different stimulation modes.
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The graphs clearly show the presence of positive peaks in
the 100 ms region and negative in 145 ms region.

24 3x3
5x5
8x8

ST Y Y T T Y N SN SN T S Y S N L s
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-25

Figure 4: Dedicated signal, registered from O2A2 lead.
The Y axis is the EEG amplitude in pV, the X axis is the
time at the moment of applying stimulus in ms

Based on the specified parameters in Table 2, a mathema-
tical model was constructed. Figure 5 shows the depen-
dence of potential amplitude in the region of O1 and O2
electrodes and skull thickness. The skullt thickness pa-
rameter was ranged from 5 mm to 7 mm in 0.5 incre-
ments.
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1,00E-06 7
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The amplitude at the electrodes,

5 55 6 65 7
The thickness of the skull, mm

Figure 5: The electric potential amplitude dependence on
skull thickness

Discussion

In all stimulation modes, the P100 and N145 peaks are
clearly distinguished. The N75 peak is less significant.
However, N145 peak latency is shifted for stimulation
modes A. Also, for all stimulation modes, there is no in-
crease in P100 latency, but P100 amplitude in stimulation
mode A and B is significantly reduced in comparison with
the amplitude in mode C. It can be concluded that under
the stimulation mode C, the variability of latency decreas-
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es and the amplitude of the visual evoked potentials. This
can be explained by the involvement of an increasing
number of neurons with an increase in the field of visual
stimulation. Thus, it is possible to localize functional dis-
turbances in the visual cortex, changing the size and loca-
tion of the stimulation zone.

According to Figure 5, it can be concluded that the poten-
tial amplitude at the location of O1 and Oz electrodes de-
pends on skull thickness, but the changes are small, the
indices vary from 2.9 to 3.7 uV, which corresponds to the
amplitudes range of visual evoked potentials. The same
results were obtained with the dependence of the amplitu-
de on skin thickness and skull conduction. However, the
skin conductivity does not affect the amplitude at the
electrodes.

Conclusions

On the basis of the theoretical model, an insignificant ef-
fect of the skull thickness of the skull on the amplitude of
the VEP was shown. The results of the experiment con-
firmed that with a matrix size of order of 1 °, it is possible
to isolate the VEP on the RCP, but with larger matrix size
c ore stable VEP amplitudes are obtained.
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article is to demonstrate new algorithm of physical activity detec-

tion according to the accelerometer data.

Figure 2 — Enforced heart rate with rate adaptation
Keywords
This article describes the development of algorithm of phys-

ical activity detection according to the accelerometer data of im-
plantable pacemaker. Rate adaptation is achieved by using sen-
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1. Introduction . 4
sors that determine the parameters related to the load and associ-

There is a trend towards improvement in quality of life in  ate them with the frequency of stimulation. Methods of stimulat-
today’s world. Rate adaptation allows patients with implantable ~ ing impulses frequency adaptation depending on various parame-
pacemakers to bring their life as close to normal as possible. Rate ~ ters were examined in the article [1]. Incorrect interpretation of
responsive pacemakers allow to increase the heart rate, depending ~ Passive movements continues to be a disadvantage of the devel-
on the patient’s physical load. Figure 1 illustrates how pacemaker ~ oped algorithms.[2]

works without rate adaptation. The frequency of the stimulating 2. Methods and materials
pulses remains constant during the day with changes of the phys-
ical activity intensity. Figure 2 shows the operation of a pace- 2.1 Experiment description

maker with frequency adaptation, in this case the frequency of the
stimulating impulses is adjusted to the change in physical activity.
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-
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rate adaptation 50 [H/‘CWDVE/‘fE/" A)

Daytime activity acceleromefer

o

Figure 1 — Enforced heart rate without rate adaptation

Reference acceleromefer

Figure 3 — Experiment setup
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The accelerometer sensor was chosen for the experimentation be-
cause it directly measures physical activity, unlike other sensors,
which measure only the parameters affected by physical activity.
The experiment was conducted with the aim of obtaining physical
activity data that was used to develop an algorithm.

Two accelerometers were used in the experiment. The first sensor
required for accelerometer axes reorientation was fixed on the
subject's abdomen so that its axes were directed according to the
human body axes. The second sensor, which simulated the accel-
erometer of implantable pacemaker, was also fixed on the abdo-
men, but was located at an arbitrary angle in the range of 0 to 90
degrees, the axes of the second accelerometer didn’t coincide with
the human body axes. (Figure 3)

Accelerometers of the LIS302DL type built into a mobile phone
were used for carrying out the experiment. Basic technical speci-
fications of LIS302DL accelerometer are presented in Table 1.

Table 1
Technical characteristic Value
Sampling frequency 50 Hz
Supply voltage 216 Vto3.6V
Amplitude range of g + 2g/+ 8g
2.2 Database

A database was created according to the results of the experiment
for three motion types: running, walking and stair climbing. The
experiment was conducted on eight volunteers. Each database file
contains data obtained from the accelerometer (time and acceler-
ation in three axes) and the necessary parameters for the infor-
mation analysis: the motion type, sex, age, weight and height of
the test subject.

2.3 Accelerometer axes reorientation procedure

Axes of the implanted pacemaker accelerometer should coincide
with the human body axes in order to implement the algorithm of
physical activity detection. Calibration is performed by means of
external accelerometer during the implantation. The direction of
the vector of gravity has to coincide with the vertical axis of the
implantable pacemaker accelerometer. For this purpose three ex-
periments were carried out using the external accelerometer,
whose data was taken as a reference.

The following matrix equation is used to convert the data obtained
from the accelerometer:

X1 X2 X3|[X'l X'2 X'3
A=Yl Y2 Y3|Y'l Y2 Y'3
Z\ 72 Z3||Z'l Z'2 Z'3 [3]

Where A - coordinate transformation matrix
X,Y,Z — reference accelerometer data
X’,Y',Z' — pacemaker accelerometer data.
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Computing matrix A is calculated once and loaded into
the pacemaker.

Each signal from the collected database contains infor-
mation from both accelerometers. All signals pass primary pro-
cessing of accelerometer axes reorientation, which is necessary
for further application of the algorithm of physical activity detec-
tion.

2.4 Algorithm of physical activity detection.

Threshold algorithms are used to detect the physical ac-
tivity using an accelerometer sensor.

The data processing begins with dividing the signal re-
ceived from the accelerometer during the experiment into 3-sec-
ond intervals in order to reduce the delay time. 3-second delay is
optimal, because the change in heart rate after exercise is normal
within 3 seconds. [4] The threshold value determined by the ex-
perimental data for the sensor signals is 0.25g. The quantity of
peaks above the threshold value is calculated. Figures 4 and 5
show peak detection signal processing at the 3-second interval.

m

o —
&8y o

Figure 5 — Quantity of peaks for running motion

The percentage of signal counts over the threshold
value to the total number of samples is calculated. This percent-
age describes the intervals duration above the threshold value and
the acceleration increase.

Based on the results of the experiment, a space of at-
tributes was formed for each type of physical activity.
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Figure 6 - Diagram of the physical activity detection
The stimulating heart rate is selected in accordance with Table 2.

Table 2 — Dependence of heart rate on physical activity [5]

Motion type Heart rate, BPM
Slow walking 86

Normal walking 104

Fast walking 122

Jogging 135

Running at a speed of 2,5 m/s | 155

3. Results

The space of attributes was formed for each type of physical
activity. Another outcome of this work is the generated database.
The algorithm of accelerometer axes reorientation was created,
that was necessary for application of the physical activity detec-
tion algorithm. Algorithm of the physical activity detection was
developed.

Table 3. Results of applying the physical activity detection algo-
rithm

Motion type Total Intervals Correctly

intervals | recognized recognized
intervals

Relaxation 4 4 4

Slow walking 4 4 3

Normal 4 3 3

walking

Fast walking 4 2 1

Jogging 4 6 4

Running at a | 4 5 4

speed of 2,5 m/s

The developed algorithm was tested on the collected database.

Runming at a speed of 25 m,

4. Discussion

As aresult of the algorithm application for physical activity
detection, 5 out of 24 intervals were determined incorrectly.
This may be associated with small difference in the number
of peaks above the threshold value for walking fast and
jogging motion types. Furthermore, algorithm application
errors may be related to the presence of passive movements.
At the present time, the possibility is being considered of
analyzing the third criterion included into the algorithm with
the aim of creating a three-dimensional space of attributes
model. It is also planned to add the possibility of recognizing
passive movements to the algorithm.

Conclusion

This article describes the development of the physical activ-
ity detection algorithm applied with help of accelerometer
sensor when using the implantable pacemaker rate adapta-
tion. Preprocessing the data using the algorithm of accel-
erometer axes reorientation is explained. The features of the
experiment for data collection and database formation are
described. In the future, it is planned to increase the amount
of movements in the database and the number of physical
activity detection algorithms.
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Introduction

The analysis of works of domestic and foreign scientists
shows that the results of anesthesia frequently, especially
for elderly patients, negatively affect the state of cognitive
functions in the postoperative period [1]. Therefore, the
modern diagnosis of post-operative cognitive dysfunction
(POCD) in the early stages, when changes are potentially
reversible, and to develop methods for preventive and
corrective cerebroprotective therapy on the background of
adequate correction of homeostasis acquire important
practical significance.

Objective methods for the assessment of violations of
cognitive functions available to the anesthesiologist in
everyday practice, does not currently exist. Such methods
include electrophysiological assessment of psychomotor
functions (the ability to create, save and execute motor
program) with the help of stabilography.

As integral characteristics for quantifying the anesthetic
component of the operating aggression, the authors pro-
pose to use the results of stabilographic studies of the pa-
tient in combination with the assessment of his cardiac
rhythm, especially with the detection of ventricular extra-
systoles (VE). The urgency of the problem of diagnosis is
not in doubt due to their high prevalence (more than 62 %
of all extrasystoles) and the most important role in the de-
velopment of sudden cardiac death (SCD), therefore, it is
necessary to improve algorithms for the detection of ven-
tricular arrhythmias based on analysis of electrocardiosig-
nals (ECS).

The aim of this work is the search for adequate anesthe-
sia, based on the study of the manifestations of postopera-
tive cognitive dysfunction using the system of «WebMul-
tiMedic» providing a comprehensive assessment of the
dynamics stabilographic and electrocardiographic indica-
tors.

Materials and Methods

In result of cooperation authors with LLC «BIOSOFT-M»
(Moscow, www.biosoft-m.ru) is developed a unique sys-
tem of remote multidiagnostic of patients with dysfunc-
tions of the locomotor system during the postoperative
period. Technique, implemented in the system allows
passing on the empirical, approximate recommendations
to the exact values calculated on the basis of multifactori-
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al characteristics of each patient and synchronous record-
ing of the results of complex research of patient by means
of computer stabilography, electrocardiography, electro-
myography, electroencephalography with remote multidi-
agnostic system «WebMultiMedic» [2, 3]. Rising of the
quality of diagnosis is achieved through an integrated
synchronous registration, processing and analysis of diag-
nostic signals of multiple research techniques of body
functions as well as through the implementation of remote
examination of patients on the basis of mobile data com-
munications via Internet. Force plate, electrocardiograph,
electromyograph and electroencephalograph combined on
the basis of specialized hardware and software into a sin-
gle system that performs remote examination of patients
outside hospitals or in other places. Authorization of doc-
tor and patient on Web-server is performed automatically
by means of the keys that contain identifier codes and li-
censes for the types of data operations and modes of ex-
amination of a patient. Web-server of functional diagnos-
tics implements the infrastructure to support remote
communications in online and offline examinations, a set
of operations performed by a physician in during the
analysis and processing the results of diagnostics, storage
of patient data and real-time video communication for
remote consultations.

Figure 1
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The main software includes the Romberg test, psycholog-
ical tests, and special research tests designed by original
techniques. [4].

The system provides a detailed analysis of the stabilo-
metric parameters and the frequency measurement of
heart rate and the amplitude-time parameters of the ECS;
performs analysis of heart rate variability, however does
not allow to detect ventricular extrasystoles.

Developed an original method of detecting ectopic cardio
pulses [5], based on the analysis of the physical nature of
the formation of ventricular extrasystoles. Upon detection
of ectopic cardio pulses joint processing of the two ECG
leads S is performed so that the same QRS-T complexes
are mutually compensated. If you experience ectopic
complexes the ratio of signals 1 and 2 lead changes, and
thus on the signal S appears a surge, which is detected by
the threshold device.

One of the variants of implementation of the method is
the partitioning of the ECS in each of the leads on the
positive and negative components S, and the choice of
four weighting factors kl1+, k1-, k2+, k2-, so that in the
time intervals corresponding to the appearance of the typ-
ical complexes, the value of the signal S tends to zero:

N ~ ~N ~N
S=kl+ZXl¢+klileii+kz+zxz+i+kzizxzii
i—1 i—1 i—1 i—1

A study of the software implementation of the method
showed certain shortcomings:

—not in all cases possible to compensate for typical QRS-
T complexes,

— selection of 4 coefficients is complicated and takes a
long time.

It is proposed to use the a single factor for what it is ex-
pedient for each of the cardiac complex to form mono im-
pulse (monopulse). QRS complexes detection algorithm is
based on the ranking procedure MSM (MaxSubMin), per-
formed in a sliding window [6]. This procedure just cre-
ates a monopulse signal. MSM procedure is to perform
three sequential steps:

finding the maximum value of a discrete reference ECG
signal in a sliding size 2s + 1 window;

finding the minimum value of the discrete reference ECG
signal in a sliding size 2s + 1 window;

subtracting the minimum value from the maximum value.
Formally MSM procedure is written as follows:

oy

MSM (1) = ¥, (1) = ¥, (0).

Examples of the formation of MSM procedure of
monopulse signal and subsequent integration into the slid-
ing window (MSMI) are shown in Figure 2. The blue line
represents the input ECG signals, and the red line repre-
sents a monopulse signal. Monopulse signal can uniquely
detect the QRS complexes in all four cases (ECG signals
with high-amplitude T wave, ECG signals with the drift
of isoline, ECG signals from motion artifacts, ECG sig-
nals with negative QRS complexes).

Figure 3 procedure MSMI window size is 11 samples (s =
5), the size of the integration window 21 samples (fre-
quency for sampling ECG signals fd = 500 samples per
second).
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Figure 2

The combination of methods described above allowed to
create a method of differential detection of ECG com-
plexes

Z(t) = MSMI (1) — K - MSMI 2(¢),

where K is a tuning factor, which is set at the beginning
of the research.

The structure illustrating the proposed method, shown in
figure 3.
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Figure 3

Example of the formation of pulses corresponding to ec-
topic complexes, shown in figure 4 (output Z).
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Figure 4
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The developed method of differential detection of the
QRS complexes is simple and has high performance, it
can be implemented in real time. It does not use complex
algorithms based on pattern recognition (recognition of
many classes with their further classification into normal
and ectopic).

Testing the developed method on signals from MIT-BIH
Arrhythmia Database showed that the probability of cor-
rect detection of QRS complexes (sensitivity), even with-
out pre-filtering is 0,97-0,98.

The application before the procedure MSMI the «hard»
filtering with a bandwidth of 2-30 Hz, and the introduc-
tion of adaptive threshold improves the probability of cor-
rect detection of QRS complexes to 0.99 (when you test
on the same signals). The characteristics of detection of
ectopic complexes are about the same.

Method recommended for use in the system «WebMulti-
Medic» with the aim of improving the quality of ECG-
diagnosis.

Results

For analysis of postoperative cognitive dysfunction using
stabilographic monitoring of patients operated on for
chronic cholecystitis, the study on 29 patients operated at
the Penza clinical hospital Ne 6 named after G. A. Zakha-
ryin.

Studies were conducted with the approval of the Local
ethics Committee, and written consent from each patient
for the surgery, anesthesia and research.

The choice of patients contingent for the study was de-
termined by the fact that in laparoscopic cholecystectomy
a direct impact on the musculoskeletal system is consid-
ered to be minimal compared to other interventions,
which allows to put the patient on his feet in the first day
of the postoperative period.

All patients were divided into 2 groups: group 1 (23 pa-
tients in the perioperative period received antioxidant
therapy with mafusol and cardioksipin); control group 2
(6 patients, the perioperative period, this therapy was not
used).

The surgery was performed under endotracheal anesthesia
(a common method of anaesthesia induction and support-
ing anesthesia with nitrous oxide).

Stabilographic examination of patients was performed be-
fore surgery, 24 hours and 48 hours after surgery. The
majority of patients were discharged to outpatient treat-
ment within 3-4 days.

In addition to the common in the clinic of the research
was determined stabilographic parameters: X is the aver-
age position of the center of pressure (CD) on the X-axis
(mm); Y — middle position CD along the Y-axis (mm); V
— average speed of displacement of the CD (mm/s); S —
area of statokinesigram (mm?) [7] (figure 5).

Revealed the difference of the indices of stabilography: in
the control group, the rate of displacement of the center of
pressure (V) and area of the stabilogram (S) have a larger
spread of values for all modes of study (with open and
closed eyes) than in the group of patients who received
antioxidant therapy in the perioperative period.
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Figure 5

In the course of further studies, we studied in more detail
the dynamics of changes in the stabilographic parameters
in 120 patients in the perioperative period with laparo-
scopic cholecystectomy, as a result, a method was patent-
ed to reduce the anesthetic risk during laparoscopic chole-
cystectomy [7].

Discussion

To identify cognitive disorders in clinical practice most
commonly used short scale assessment of mental status
(MMSE) proposed by M. F. Folsteinu co-authors in 1975
and represents a short questionnaire of 30 items, widely
used for the primary assessment of cognitive function and
screening of their violations. The diagnostic sensitivity of
this technique is not absolute, but is too selective.

Another method for neuropsychological evaluation of
cognitive disorders that have a higher sensitivity in com-
parison with the test ME is MoCA test — the Montreal
scale assessment of cognitive disorders (2004) [1].
However, these techniques have a substantial component
of subjectivity offer only the qualitative characteristics of
the patient.

The sensitivity of the stabilometric method and the quality
of information allowed to use this method to determine
the current functional state of the patient, the researcher
receives information about static and locomotor functions
of the patient which cannot be obtained by any other
means [8].

In this regard, there is reason to assume that the used dur-
ing anesthesia medication and other means, affect the stat-
ic and locomotor functions of the patient and can be
measured quantitatively, which may serve as an objective
safety criteria conducted anesthesia.

Another important and objective criterion for assessment
of postoperative condition of the patient can serve as the
parameters characterizing the violation of his heart rate,
especially the presence of dangerous ectopic ventricular
complexes in the ECS.

Therefore, we believe a promising integrated research
stabilographic and cardiological criteria for the assess-
ment of anesthesia that is given undeservedly little atten-
tion, by both domestic and foreign researchers.
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Conclusions

Thus, the results of the conducted research we can draw
the following conclusions.

1. Instrumental method of monitoring based on computer-
ized of stabilography and channel ECG diagnosis system
«WebMultiMedic» can serve as a complementary tool of
the anesthesiologist in the optimization of General anes-
thesia in patients during laparoscopic cholecystectomy.

2. The modernization of the ECS channel analysis system
«WebMultiMedicy», namely, the introduction of differen-
tial detector complexes of the ECS, allows high accuracy
to detect PVCS and assess the risk of sudden cardiac
death.

3. According to the study most informative stabilographic
parameters are the velocity of center of pressure on the
platform and the area of the stabilogram. It is important
that in the control group, the variation rate of displace-
ment of the center of pressure and area of the stabilogram
were significantly greater than in the group of patients
who received antioxidant therapy in the perioperative pe-
riod (for all modes of study).

4. The results of these studies quantitatively confirm the
feasibility of the use of stabilography as a tool to optimize
anesthesiological treatment of patients with laparoscopic
cholecystectomy.

5. The research results confirm the feasibility multidiag-
nostic survey and research of all groups of postoperative
patients with a view to detection of postoperative cogni-
tive disorders.
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Introduction

Full or partial functional loss of upper limb due to amputa-
tion or some diseases has a great influence on human abil-
ity to do routine tasks.

Active prosthesis and orthosis helps a disabled person to
get back after losing the function of a limb. Nowadays
there are plenty of different prosthesis for upper and lower
limbs. Therefore, an amputee can make a choice according
to the desired model’s functions and price. Unfortunately,
it is more difficult to choose an active orthosis due to lim-
ited number of models.

Modern prosthesis and orthosis should correspond to dif-
ferent requirements, such as limb’s function substitution
and its aesthetic appearance. In particular, active devices
with a function of bioelectrical control mostly meet these
requirements. It has an external power source and it can be
manipulated via biological signals registered by electrode
systems.

However, the main disadvantage of using bioelectrical ac-
tive devices at present is the complexity of their control.
Due to the fact that the number of electrode systems is of-
ten limited, problems of recognizing precise movements
are arising, which leads to the impossibility of using small
objects.

Most modern bioelectrical active devices are controlled by
signals of surface electromyogram. Such signals of neuro-
muscular activity, as signals of bioelectrical impedance
and myotonic signals, are used in practice much less often.
Despite the lower popularity these signals are quite in-
formative, and in some cases may exceed the electromyo-
gram informativity for management tasks.

The aim of the study is to analyze the neuromuscular sig-
nals such as electromyogram, bioelectrical impedance and
myotonic signals during performing isometric hand grasp-
ing with different electrode system pressing force.
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Methods
Electromyography

Electromyography (surface) is a non-invasive method for
evaluating the activity of skeletal muscle tissue by record-
ing the bioelectric potential. [1]

The advantage of the method is its non-invasiveness and
ease of implementation. The disadvantage is the small am-
plitude and complexity of the interpretation of the signal
due to its interference nature, caused by the influence of
signals from neighboring muscles.

Myotonic method

The method allows recording the mechanical stresses re-
sulting from muscle contraction. Tension is transferred to
the skin, resulting in an effect on the attached sensor. To
record these oscillations, special transducers are used:
force sensors, accelerometers [2] [3]. The disadvantage of
the method is that the signal depends on the sensor pressure
of the on the surface of the skin, which can be the cause of
the occurrence of artifacts during the action.

Bioimpedance

The bioimpedance signals represent the current level and
changes of the impedance of the biological object. The
value of tissue impedance |Z| consists of two components:
|Z|=|Zo|+|Z(t)|, constant - |Zo| and changing over time
function - |z(t)|. To measure the instantaneous impedance
value high frequency alternating current passing through
the biological object and the voltage drop is recording on
the area. [4,5] The range of alternating current frequencies
used in bioimpedance studies is from 1 kHz to 500 kHz,
in industrial devices optimum is 30-100 kHz. [4] In exper-
iments was used alternating current with amplitude 1 mA
and frequency 100 kHz (at the given frequency the active
component of the tissue impedance predominates).

With a muscle contraction, a change in the impedance oc-
curs. The change in such parameters as the thickness of
the skin-fat layer, the cross section of muscles, the con-
ductivities and the pressing force of the electrode system
lead to a bioimpedance value change during various ac-
tions performance. [6]
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Research

Experiment

For comparison of different types of biosignals, 4 meas-
urements were made on volunteers with a medium build
and an average coverage of the forearm at the place where
the electrode system was 34 cm. The signals were rec-
orded using a single electrode system that was located on
the surface flexor muscles of the fingers, in place, used to
position the electrode systems in modern forearm bioelec-
tric prostheses. Before the installation of the electrode
system, the place was scrubbed (by Nuprep Skin Prep
Gel) and lubricated with an electrode contact gel (by
Geltek Uniagel). An example of the electrode system lo-
cation is shown in Figure 1.

Pronator
teres Flexor
muscle carpiradialis
muscle

Electrode
system
(lower channel)

Figure 1: Electrode system placement

The electrode system consisted of reusable electrodes ar-
ranged according to the tetrapolar lead-out system (two
current electrodes along the edges and two measuring
electrodes in the middle) with an inter-electrode distance
equal to 10 mm. Such lead system makes it possible to re-
duce the polarization effect in bioimpedance measure-
ments. The electromyogram was recorded from the same
electrode system, from the measuring electrodes. The
sampling frequency of the signals was 1 kHz.

Figure 2: View of electrode system

Myotonic signal was recorded by means of two Honeywell
FSGI5N1A force sensors (resolution to 1.0g force, maxi-
mum overforce 5.5kg, linearity 0.5%, repeatability 0.2%,
response time 1ms), which allow recording signals with
high accuracy. The force sensors were placed under the
electrode system closer to the edges in a special platform
in such a way that the electrode system presses on them
(Figure 3: 1 - electrode system, 2 - force sensor, 3 - plat-
form, transparent view).

7
i i i

2

Figure 3: Myotonic signal recording system

During each study, bioimpedance signal, electromyogram
and myotonic signal were simultaneously recorded. Net-
work interference was filtered by digital band-stop filter
(rejection frequency 50 Hz, 3 dB level on 50+£5 Hz, sam-
pling frequency 1 kHz) in recording device. During the ex-
periment, the pressing of the electrode system was succes-
sively changed by the control mechanism expanding, a
non-stretchable Velcro tape as a belt was used (Figure 4).
The mechanism moved apart at a distance of Ocm, lcm,
2cm.

Figure 4: Electrode system pressing control mechanism

To register the force of isometric compression, the special
stand was designed (Figure 5: 1,2 - handles, 3 — guide-
ways, 4 - force sensor), which included two parallel force
sensors based on the tensoresistors arranged according to
the Winston bridge scheme (resolution to 50g force, max-
imum overforce 20kg, repeatability 0.2%, response time
1ms). The time of each study from the series was 1 mi-
nute, during which the following actions were performed:
0-5s - the volunteer does not compress the stand (state
without load), 5-10s - the volunteer compresses the stand
(load state). The compression force increased iteratively
in the framework of one study. During the experiment, the
brush was located in a neutral position (between pronation
and supination).
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Figure 5: Isometric hand grasp force measuring stand

The force sensors were calibrated by installing laboratory
weights of 10 g to 2.5 kg to the center of the electrode sys-
tem assembled with the platform and to the center of the
stand handle. Thanks to the use of two sensors in each case,
it became possible to detect skews, however, when con-
ducting studies, skews were not observed and the skew data
were not presented in the work. Thus, the average values
of the ADC from two sensors were recorded in the experi-
ment and recalculated into force values (daN).

A sample of the recorded signals during one set of meas-
urements depending on the different degrees of compres-
sion (which was realized by sliding mechanism) over a par-
ticular period of time is shown on Figure 6. An unpro-
cessed electromyogram signal is difficult to analyze.
Therefore, it was processed by moving average method
with a window length equaled to 100 ms and filtered by a
digital Equiripple FIR low pass filter with a cutoff fre-
quency 5 Hz.[8]

Based on the data obtained, a regression analysis was per-
formed, based on which regression curves were plotted
with a confidence interval of 95% (Figure 7). As a result of
the regression analysis and a least-squares analysis it was
obtained, that a straight line is the most accurate for an ex-
perimental data interpretation.
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Figure 6: A sample of the recorded signals during one set
of measurements
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Figure 7: Regression curves with confidence intervals of
95%, based on experimental data

Dependences of regression lines parameters on the elec-
trode system pressure for myotonic signal are shown on
Figure 8, Figure 9. Similar dependences for electromyo-
gram and bioimpedance signals are not shown due to its
less informative.
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Figure 8: Dependence of the myotonic signal mean value
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Figure 9: Dependence of the angular coefficient of the re-
gression straight myotonic signal as a function of the elec-
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Discussion

To conduct the investigation, the special stand for measur-
ing isometric hand grasping force with a mechanism for
controlling the electrode system pressing force was de-
signed.

Because of using two tension sensors, the grasping force
was measured more accurately with an error less than 100g.
Moreover, it is possible now to register system imbalances.
Guideways usage makes it possible to customize the stand
for functioning with different grasping degree.

In spite of widely spread electromyogram usage as a con-
trol signal in bioelectrical devices, it was observed, that
myotonic method was not less informative type of signal
and it could be used as an alternative. The disadvantages of
the method are electrode system thickness increase due to
force sensor addition and calibration necessity in case of
particular force value measurements. Because of myotonic
method it is also possible to regulate the electrode system
pressure on skin.

Conclusions

As a result of the conducted investigation it can be con-
cluded, that myotonic method is the most accurate among
described neuromuscular registering methods. Due to the
electrode system pressure on skin increase, signal huge
increment was observed with the same grasping force
change. However, myotonic signal scatter and amplitude
mean value also were increased in the condition without
load.

Also, it was determined that increase of electrode system
pressure on skin didn’t have huge influence on the elec-
tromyography and bioelectrical impedance signals. In
case of electrode system overpressure, imbalances in the
system may appear. It causes additional problems in high
quality signal registration.

Therefore, the conducted investigation has shown, that
electrode system location is not the only factor which
must be taken into account while designing bioelectrical
control of different devices. Moreover, the problem of
necessary contact providing between an electrode system
and skin must also be considered because it should not ex-
ceed acceptable pressure value.
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Introduction

Schizophrenia is characterized by various negative and
positive symptoms and specific incremental changes in
personality. Negative symptoms are manifested in behav-
ior, especially in facial expressions. Actual problems to-
day are predicting disease course, evaluation of the effec-
tiveness of treatment, and diagnosis of schizophrenia in
preclinical stage of the disease. Development of the au-
tomated system of analysis will allow us to study flat af-
fect — one of the negative symptoms of schizophrenia.
Consequently, automated facial expressions analysis will
make progress in addressing actual problems.

In recent works are reported about using an automated
approach to the assessment of facial movements by imag-
es for tracking disease course and treatment effectiveness
[1, 2, 3]. However, most studies aimed at identifying the
differences between healthy group and patients.

The result of different studies (in Canada, India, European
countries, Iran) was the discovery of specific anomalies of
facial expressions in schizophrenia. Interest in such stud-
ies has grown significantly during the last 5 years. In Rus-
sia, such studies are still very few.

Patients with schizophrenia have specific anomalies such
as a low frequency of positive emotions on certain stimuli
and typical movements [4, 5].

Materials and Methods

A database of video images of patients with schizophrenic
disorders and in the psychosis high-risk state [6] has been
being collected in Mental Health Research Center. A da-
tabase of control healthy group has been being collected
in Bauman Moscow State Technical University.

Stimulant material for the study of facial expressions were
three demonstration videos, intended to product emotions
of sadness and joy, duration is about 4-5 minutes, and
questions on the subject of videos. The first video is neu-
tral, the second one is sad and the last one comprises two
parts: neutral part and subsequent funny part. After video
demonstration respondents are also asked to estimate their
emotional state. A person can choose one or more of the
following emotions: happiness, delight, sorrow, worry,
sadness, fear, indifference, shame and disgust, — or pro-
pose his own variant of emotion. For chosen emotions a
respondent has to estimate intensity in the range from one
(the weakest intensity) to five (the strongest intensity).
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The respondents with schizophrenic disorders first read
the text, then watch the video and estimate their emotional
state. Thus, following steps of our study were recorded:
reading the text, watching the video 1, discussion of the
video 1, watching the video 2, discussion of the video 2.
Respondents with schizophrenic disorders were recorded
at two time points: the first point is on hospitalization, the
second point is on discharge from the hospital.

Medical advisers of our research group conducted stand-
ard procedures for evaluating the mental state of patients
with schizophrenic disorders on various scales: Positive
and Negative Symptoms Scale (PANSS), The Scale of
Prodromal Symptoms (SOPS), The Hamilton Rating
Scale for Depression (HDRS), Scale of side effects as-
sessment (Udvald for Kliniske Undersogelser Side-Effect
Rating Scale, UKU).

Before the first video a respondent of control healthy
group is asked to fill out a questionnaire on trait anxiety
from state-trait anxiety inventory (STAI-40). After the
last video a respondent is asked to fill out a questionnaire
on state anxiety from STAI-40, Toronto alexithymia scale
questionnaire (TAS-26) and gelotophobia, gelotophilia
and katagelasticism questionnaire (PhoPhiKat<30>).
During demonstration respondent’s facial image is rec-
orded. For recording we use Logitech C922 Pro Stream
webcam. Recorded videos has full HD resolution (1 920 x
1 080 pixels) at 30 frames per second. For each respond-
ent a video of about 2 GB have been recorded.

Conditions of registration is limited to the hospital envi-
ronment. The patient sits at the table in front of the win-
dow while recording the video. Lighting in the room is
top and diffused. The patient's face is illuminated evenly,
there are no shadows.

The patient sits in front of the laptop with a webcam at-
tached to the top of the screen. Distance from person to
camera is from 30 to 90 cm. Face takes up 60% of the im-
age.

Participants

Medical advisers of our research group separated patients
into two groups according to clinical observation: patients
with schizophrenia and patients in the psychosis high-risk
state. 13 respondents are with schizophrenia in the age
from 17 to 25 (the average age 20 years), duration from 1
to 24 months, the mean duration is 9 months with normal
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or corrected vision, exclusion criteria: severe somatic and
neurological diseases, hearing impairment, alcohol and
drug addiction in the anamnesis. 30 patients are in the
psychosis high-risk state (age from 16 to 25 years, the av-
erage age 20 years, disease duration from 3 to 96 months,
mean duration of the disease 33 months).

20 respondents aged 20 to 25 years from control healthy
group are recorded. Among them six persons are women
and fourteen persons are men.

Results

Primary processing of the video images data was per-
formed manually with facial action coding system
(FACS) [7]. We made annotation of two intervals: watch-
ing the video 1 and watching the video 2. Motion acts
over the FACS (yawning, swallowing, tremor, tears) are
included during the annotation.

Annotation include the list of action units and motion acts
and the number of the beginning and the end of the act.
The beginning and the end of our intervals are also
marked in the annotation. Furthermore, there are asym-
metrical action units and motion acts in the annotation.
Annotation is made by two authors of the thesis. To verify
the homogeneity of the annotations obtained, we tested
the hypothesis that distributions of each action unit belong
to the same distribution. To test the hypothesis, we use
the Kolmogorov-Smirnov test. The null hypothesis is that
the data in two vectors are from the same continuous dis-
tribution. We performed a test with a 5% significance lev-
el.

We used such features:

- frequency of action unit 7 is the ratio of the
number of action unit per interval to the duration of the
interval;

- percentage of action unit 7 is the ratio of the
sum of the durations of the action unit during an interval
to the duration of the interval.

The analysis showed that there are no differences with the
5% significance level. Features without differences are
showed with «+» in the table, e.g. see tab. 1. Features are
grouped according to the area of the face. Furthermore,
appearance of asymmetric action units is marked with let-
ters «R» and «L» corresponding to right and left action
units, «n/a» means the absence of asymmetry in video im-
ages.

Conclusions

Our first estimation confirms the possibility of solving
different tasks with this database and its annotation:

1. Study differences between groups of healthy per-
sons and patients with schizophrenia.
2. Study differences between groups of patients with

schizophrenia and patients in the psychosis high-risk
state.

3. Investigation of the dynamics of mimic manifesta-
tions at the beginning and at the end of treatment.

4. Identification of the relationship between the re-
sults of psychological scaling and the severity of psycho-
pathological disorders of facial expressions.

5. Development of an automated approach to the
evaluation of facial movements for the study of changes
in various time points of the course of a mental illness.

Table 1: Verified Action Units

A&iiot“ 1 n nR | aR | nL | =xL
Up Face Action Units
aull + + + + + +
au02 + + + + + +
au04 + + + + + +
au05 + + n/a n/a n/a n/a
au06 + + + + + +
au07 + + + + + +
Middle Face Action Units
au09 + + n/a n/a n/a n/a
aul0 + + + + + +
Down Face Action Units
aull + + + + + +
aul2 + + + + + +
aul3 + + n/a n/a n/a n/a
aul4d + + + + + +
aul$ + + + + + +
aul6 + + + + + +
aul?7 + + + + + +
aul8 + + n/a n/a n/a n/a
au20 + + n/a n/a + +
au24 + + n/a n/a n/a n/a
au25 + + n/a n/a n/a n/a
au26 + + n/a n/a n/a n/a
au28 + + n/a n/a n/a n/a
au3l + + n/a n/a + +
au35s + + n/a n/a n/a n/a
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Introduction

Movement reproduction and control in medical practice is
an important technological and engineering task. Recent-
ly, the development of artificial muscles (AMs), which
are in demand in many fields of medicine, has been in fo-
cus of medical professionals and engineers. The research
in this direction include concerns creating artificial heart
muscle patches and sphincter cuffs for different body
parts (urethra, anal canal, and lower esophagus). The
AMs are widely used as executive mechanisms (actua-
tors) in prostheses, exoskeletons, implanted drug delivery
tools, etc. Medical engineers face the problem of design-
ing light, biocompatible, and reliable AMs, which would
be safe for humans and characterized by the low power
consumption and acceptable operating temperature. In
view of the aforesaid, the properties of various materials,
including polymers and nanocomposites, promising for
fabricating AMs have been studied. One of the fundamen-
tal properties of such materials is their high biocompati-
bility. It is proposed to use mainly electroactive polymers
and nanocomposites containing carbon nanotubes
(CNTs). The latter deserve much attention, since they are
characterized by the combination of the high strength,
flexibility, elasticity, and electrical conductivity.

Here, we made a brief literature review of the current
state of research and development in the field of AM
drives and prototypes and discuss prospects of their appli-
cation in medical practice.

Artificial Muscles

A. Pneumatic artificial muscles

The McKibben mechanical drive operates by pumping a
fluid or gas under pressure into a chamber bounded by a
rigid braid [1]. A new-type McKibben muscle uses paraf-
fin as an expandable material, which is heated to a tem-
perature of 95°C. This type of muscles has certain ad-
vantages over the liquid type, but is not compact, hard to
control, has a high operating temperature, and, thus, inap-
plicable in medicine.

A pneumatic artificial muscle (PAM) drive offers great
potential for prosthetics, since it is characterized by the
high power density (P, > 4 kW/kg) and exhibit other
properties of natural human muscles [2]. A PAM pros-
thesis provides a torque sufficient for the knee joint in
performing the high-energy human motor functions (fast
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walking, climbing stairs, etc.) and imitating normal gait
parameters [3].

The trigger mechanism for a hydraulic artificial muscle
(HAM) is similar to that of a PAM, but the HAM has sev-
eral advantages, e.g., ductility, low weight, easy mainte-
nance, and low cost [4]. The PAMs and HAMs are de-
signed as drives for robotics and various engineering
products. Sometimes, they can be used for external
strengthening of human limb movement, but are not in-
tended for invasive use as artificial human muscles.

B. Electroactive polymers

Electroactive polymers (EAPs) have some characteristics
similar to those of natural muscles. In particular, they are
driven by electric pulses [5]. Usually, the EAP materials
are divided into two main groups: electronic (activated by
the electrostatic field) and ionic (activated by ion
transport). The group-I EAPs are high-voltage (> 1 kV),
develop a low power (P, < 0.1 kW/kg), and exhibit the
high efficiency (CE > 90%). The group-II EAPs are
considered to be low-voltage (< 5 V) and have high power
and low efficiency (CE < 20%).

Obviously, the group-I EAP materials are inapplicable for
use in artificial muscles (prosthesis and implants) because
of the high-voltage breakdown danger. The EAPs
contained in ionic polymer composites and metals are
promising for creating various medical products,
including electroactive AMs, distributed biomimetic
nanoactuators, nanoconverters, nanorobots, and nanosen-
sors. They are characterized by the combination of high
load force and low electric voltage (1-3 V) [6]. Ion EAPs
is, in fact, functional materials for the development of
AMs. Their low-voltage power supply ensures the high
safety; the polymer surface electrodes made of noble met-
als (Au, Pd, Pt, etc.) provide the acceptable biocompati-
bility and make these materials suitable for use in inva-
sive medical implants. For example, the ionic EAP-based
AM is designed to fabricate artificial sphincters of the
lower esophagus, anal canal, urinary canal urethra, and
heart muscle patches [7]. The EAPs based on the elastic
ionic polymers and electrodes are immersed in an
electrolyte and all parts are encapsulated in an elastic
hermetic. Such a system represents an AM prototype and,
depending on its characteristics (mechanical, power, and
others), can be used in medical practice [8]. However, this
direction is still at the stage of intense research and a
practical AM prototype for medical applications has not
been fabricated yet.
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C. Other artificial muscle materials

The most accessible and simplest is a drive in which ny-
lon and polyethylene fibers woven in a certain way (in
spiral springs) contract in length and expand in diameter
upon heating. Such drives are controlled using the Joule
heat induced by the current transmitted through a conduc-
tive coating on the filament surface. The attained drive
parameters are a volume energy density of 840 kJ/m®, an
energy density per unit mass of E, ~ 530 J/kg, and a
power per unit mass of P, ~ 1.0 kW/kg [9]. These val-
ues are at a level of the human heart muscle parameters,
i.e., P ~ 0.33 kW/kg. The inexpensive AMs are fabricat-
ed from highly oriented nylon threads [10, 11]. A twisted
nylon bundle can lift a load exceeding tenfold the load
lifted by a human muscle of the same length. An artificial
finger has been demonstrated. However, drives of this
type are not suitable for use in AMs for invasive prosthet-
ics in a human body because of their strong overheating.
The high performances are typical of niobium nanofibers;
specifically, their conductivity is ~3-10° S/m, the tensile
strength is up to ~ 1 GPa, and the Young's modulus is 20
GPa.

The twisted nanofiber yarn impregnated with a paraffin
wax is strained upon heating and can work as a drive [12].
During the transmission of electric current, the wax melts,
expands, and unwinds; the yarn drive does a torsion work.
Numerous actuators based on heating and cooling of in-
termetallic materials employ the shape memory effect.
They develop the high powers (P, ~ 4 kW/kg) and are
widely used in robotics [13]. However, despite the very
high specific powers developed by the shape memory al-
loys, their elastic strain limit is 4% [14], while the value
for the human muscle tissue is about 20%.

The available AM prototypes cannot simultaneously per-
form complex deformations (bending, contraction, exten-
sion, etc.) attributable to natural muscles. Recently, it has
been established that a single-layered lattice microstruc-
ture of onion epidermal cells in applied electric voltages
of 50-1000 V can simultaneously participate in complex
deformations [15, 23]. Currently, this research direction is
at the initial stage and its future prospects are still ob-
scure.

D. Carbon nanotube-based artificial muscles

The unique mechanical and electrical properties of CNTs
make them excellent candidates for application in AMs
for medicine.

The CNT airgel, sometimes referred to as frozen smoke is
an ultralow-density solid material [16]. Nanotubes in the
airgel layers are arranged parallel and form a sort of fram-
ing. In high voltages (1-5 kV), the layers are expanded at
a straining rate of 3.7-10* %/s, which exceeds many times
the known values. The advantages of this material are an
energy density per unit mass of £, ~ 30 J/kg and an at-
tainable strain stress reduced to the material density of ~
15 kPa-m’/kg. In addition, they have a very wide operat-
ing temperature range (80-1900 K) and can develop a
force that exceeds that developed by natural muscles with
the same cross section by a factor of 30. Undoubtedly,
the main mechanical, energy, and temperature parameters

of the investigated CNT layers are acceptable for creating
AMs, but, to use them in practice, it is necessary to solve
the problems concerning the high power-supply voltage,
encapsulation, and insufficient safety level and biocom-
patibility.

The biological polymer chitosan (nanocomposite) films
saturated with single-walled CNTs (SWCNTs) exhibit a
strain of < 5 V under the action of a voltage pulse [17].
The electrothermal generation of mechanical movements,
simplicity of controlling, and biocompatibility make these
nanomaterials promising for application in AMs. The
complication of a nanomaterial composition aimed at in-
creasing its specific conductivity will help significantly
reduce an existing SWCNT concentration of 25 wt.%
and, consequently, further enhance the safety and bio-
compatibility of the proposed AMs. Test drives from mul-
ti-walled CNTs (MWCNTs) and niobium nanowires were
fabricated [18]. The muscular structure matrix used is
made of a heat-sensitive paraffin wax. As metal fillers,
tungsten or NiTi alloy nanowires are used, which induce
the Joule heating of the matrix. The proposed drives have
the higher mechanical characteristics as compared with
nylon filament-based actuators, but their drawback is the
high operating temperature.

A nanocomposite consisting of a nanogel, which contains
boric acid, hyaluronic acid, and MWCNT nanowire
strands, was used for creating a drive [19]. A MWCNT
strand immersed in the nanogel swells and execute a tor-
sion motion due to the internal anion charge variation.
Such a drive can be used for implementing torsion
movements, is sensitive to glucose, and has the high po-
tential for application in AMs. In addition, such an AM
can work as a glucose sensor (in the range of (55—
100)-10°* M), which automatically releases the medication
when needed.

In a liquid electrolyte, the twisted CNT strands can gener-
ate rotational motion and length shortening. Owing to the-
se properties, the novel materials are capable of lifting
loads that are heavier than those lifted by a human skele-
tal muscle of the same size by a factor of 25 [20-22]. To
control their operation, low voltages (< 5 V) can be used.
With these materials, a rotational speed of 590 rpm and a
maximum reversible rotation angle of 15000° were at-
tained. The high developed power, fast response, and low
supply voltage are positive indicators for creating AMs;
however, it remains difficult to convert the rotational mo-
tion into other motion forms.

In an electrolyte consisting of KOH in a concentration of
1M, the SWCNTs coated with platinum nanoparticles en-
sure a desired deformation in low applied electrical volt-
ages (< 1.5 V) and currents (< 0.08 A) [23]. The proposed
principle of generating the mechanical deformation due to
the charge redistribution in the electrolyte is promising for
the development of AMs, including those for medical ap-
plications.

A new-type AM with artificial absorption of a solvent is
highly efficient without changing the temperature [24].
Such AMs are driven by rubber swelling in a nonpolar
solvent. The calculated CE value is ~16%, which is simi-
lar to an CE value of ~20% of the human muscle tissue
[25].

Polyhydroxylated fullerene added to the sulfonated
polyetherimide matrix increases the ionic conductivity
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and this effect can be further enhanced by coating nano-
tubes with platinum particles [26]. The obtained energy of
E., <10 J/kg is lower than the energy E,, ~ 40 J/kg gen-
erated by a human skeletal muscle [25]. The developed
power (P, ~ 0.1 kW/kg) is also lower than a value of P,
~ 0.3 kW/kg of the human heart muscle tissue.

The operational principles of AMs discussed in reviewed
works [18-23, 26] are common and analogous to those of
natural muscles. These are the redistribution of ions under
the action of current pulses in an electrolyte, straining a
CNT filament, and plate motion. Therefore, these research
directions are promising for creating AMs for use in med-
icine.

Conclusions

The analysis of available literary data allowed us to draw

the following conclusions:

e Artificial muscles operating on the basis of the flow
dynamics laws (pneumatics and hydraulics [1-4]) can
develop extremely high specific powers (P, >
4kW/kg) and are suitable for robotics and external
prosthetics of human limbs. However, it is hard to
use them as invasive implants because of their unac-
ceptable energy supply and insufficient biocompati-
bility.

e The AMs made of electroactive ionic polymers
([1-8]) are characterized by a power of P, ~ 1.0
kW/kg, an energy of E,, ~ 530 J/kg, and an efficiency
of CE < 20 %, which are analogous to the human
muscle tissue parameters (P, ~ 0.33 kW/kg, E, ~ 39
J/kg, and CE ~ 20%). However, the structural com-
ponents used (electrolytes, polymers, electrodes,
etc.), high cost, and limited durability of the available
AM prototypes do not meet the medical require-
ments.

e The actuators based on the laws of conversion of the
electrical energy into mechanical one (nylon and pol-
yethylene fibers [10,11], niobium nanofibres [12],
and shape memory materials [13]) have operating
temperatures of > 60° C and, certainly, cannot be
used in invasive medical implants.

e Carbon nanotubes and their layers immersed in an
electrolyte deform in the course of the chemical reac-
tion and generate mechanical movement [18-23, 25],
analogously to mammal muscles. To date, the test pa-
rameters of an AM artificial muscle prototype are in-
ferior to the natural muscles.

Thus, the intense research and development directed to
improving the characteristics of drives based on ionic
electroactive polymers and composite nanomaterials con-
taining carbon nanotubes will make it possible to create
invasive muscles for medical purposes. Solving the exist-
ing problems in this way is claimed by the modern state
of medicine and, especially, the need for treating the heart
diseases. Now, heart failure is a cause of about 10 million
people die around the world and the creation of an artifi-
cial muscle as an auxiliary part instead of a damaged heart
site will save numerous lives.
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Introduction
Critical ischemia of the lower extremities (KINK) is
considered to be one of the serious diseases of the
cardiovascular system, leading to disability and even
death. One of the ways to struggle this disease is an
accurate and timely assessment of the patient's condition
and analysis of the dynamics of the pathology under
examination with the subsequent choice of prophylaxis
and treatment schemes.

The analysis of known evaluation methods of the
dynamics of the development of KINK showed that the
existing mathematical models do not provide the
necessary accuracy of decision making because of the
fuzzy representation of the criteria for classifying the
different types of dynamics of the disease even at the
expert level [1, 2. 3]. The experience in solving the same
data structure problems at the Department of Biomedical
Engineering of the Southwest State University has shown
that achieving moderately good solutions for the medical
practice is possible by using methods of synthesis of
hybrid fuzzy decision rules aimed at solving problems
that are unrepresentable in formal characterization [4, 5].
With this in mind, the aim of the research is to improve
the quality of medical care for patients suffering from
KINK through the use of hybrid fuzzy models in
combination with the fuzzy modification of the theory of
measurement of latent variables, allowing to determine
the composition of informative

signs and rational

prophylaxis and treatment schemes under the conditions
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of the absence of analytical relationships between medical
purpose and descriptive criteria [4, 5].

Materials and methods

In accordance with the general methodology of synthesis
of hybrid fuzzy decision rules described in [4, 5], the first
stage of our study at the expert level, with the use of the
Rasch measurement in the field of Item Response Theory,
and

RUMM?2020, has found that for the evaluation dynamics

implementation of the interactive software system

of the development of KINK it is necessary and
satisfactory to use informative signs in the composition:
x; - prothrombin ratio; x; - homocysteine; x; -
antithrombin; x, - activated partial thromboplastin time; x5
- dimer molecule; x4 - platelets.

At the second stage of the synthesis, using the informative

characteristics of x; as the basic variables, the

membership functions ¢,,, (x;) are determined positive

(in the matter of the tendency towards improvement of the

patient's  condition)  dynamics  (class @, 0 ) of

development of KINK.

At the third stage, aggregation of the membership
function in the integration model of confidence
assessment in the predicted dynamics of the PDR of the
development of the KINK of the following form is

performed:

PDR(q+1) = PDR(q) + Ko, (x,,)[1=PDR(g)] (1),

where q - is the iteration number in the PDR calculation
that coincides with the number of the feature being

analyzed:
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PDR() = u,,,, (x,).

In the fourth stage, three classes of dynamics of the

development of KINK are defined on the base variable

PDR: negative dynamics (class ,30 ); stable state (class
ﬂc ); positive dynamics ( ﬂn) with the corresponding
membership functions 12, (PDR), f,. (PDR) and
11,(PDR).

The decision on the patient's belonging to one of the
predictable classes of states is determined by the
value of the function

maximum membership

,LIX(PDR), and the confidence in the classification

U 5, is determined by the expression:

U, =max{ i1, (PDR), 1,(PDR), u,(PDR)] . (2)

At the fifth stage of the synthesis, the experts using
Delphi technology for each of the identified predicted
classes of states identified prevention schemes optimized
using the RUMM2020 package. As a result, a table
algorithm for selecting the optimal preventive regimens
was presented in tab 1.

Table 1. Table algorithm for selecting the optimal

preventive regimens

PDR range Preventive regimen

PDR<0,4 Cardiomagnyl 100 mg/a day — 6 months
Fraxiparine 0,6 s/c Nel0, then:
Vessel due f 2,0 i.m. 2 times a day Ne20,
then 2 tablets 2 times a day — 2 months.
Wobenzym 3 tablets 3 times a day —
2 months

0,4<PDR>0,6 | Cardiomagnyl 100 mg/a day — 6 months
Vasonit — 1 tablet 2 times a day —
2 months; then Vessel due £ 2,0 i.m.
2 times a day

PDR>0,6 Cardiomagnyl 100 mg/a day —
3 months then
Vessel due £ 2,0 2 tablets
2 times a day for 2 months

The results of mathematical modeling show that the
predictive confidence in the correct decision making
exceeds 0.9, which is a good result for the investigated

class of problems.

Experimental part

Mathematical models and algorithms for the selection of
prophylaxis schemes available from the synthesis of
hybrid fuzzy decision rules in accordance with the
recommendations [4] were tested in the case management
of 400 patients of the Kursk Regional Clinical Hospital
No. 1 for 5 years. In the course of the experiment, the
validity of the work of predictive decision rules (1) and
(2) was verified on representative control samples and the
results of observations were compared for patients with
KINK using traditional treatment regimens described in
[1, 2, 3] and using the proposed prevention algorithm
(Table 1).

During the verification of the reliability of the decision
rules (1) and (2), the calculation of such quality indicators
as diagnostic sensitivity, specificity, efficiency and
prognostic significance of positive and negative results
was carried out.

During the statistical tests it was found that all the quality
indicators exceed the value of 0.85, which is a good
indicator for prognostic tasks.

In the course of testing the algorithm for selecting
preventive regimen, 130 people received traditional
treatment regimens [2], and 170 people were treated
according to the prevention scheme attached in table

algorithm.

During the three-year observations it was established:
1. The use of complex schemes (ver + @€ ), containing

antiaggregants, anticlotting agents and fixed-dose
combination (Vessel due f) reduces the number of
amputations by 65%;

2. Correction of abnormality of hemorheology in 75% of
cases provides prophylaxis of severe forms of KINK.

3. 80% of hemostatic system derangements are the key

link in the pathogenesis of KINK.
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4. 50% of severe forms of KINK against the background
of algorithmic therapy of pathological changes in the
hemostasis system regress to the lungs that do not require
amputation.

5. 60% of the forms of moderate severity of KINK pass
into subcritical ischemia against the background of
improvement of hemorheology.

The models and algorithm obtained make up the main
part of the knowledge base of the decision support system
for cardiovascular surgeons and angiologists that is
developed at the Southwest State University in
cooperation with the Kursk Regional Clinical Hospital
No. 1 and A.A. Vishnevsky Central Military Clinical

Hospital.

Conclusions

In the course of the research, the mathematical models for
predicting the dynamics of the development of critical
ischemia of the lower extremities were obtained and an
algorithm for selecting the optimal preventive regimens
for this disease was synthesized. It was possible to reduce
the number of amputation of the lower extremities by
65% using the latter, 75% of the cases had a correction of
hemorheology, and in 50% of cases the heavy forms of
KINK turn into lighter forms.

The obtained models and algorithm can be implemented
both on modern smartphones and tablets, and as part of
powerful decision support systems for vascular surgeons

and angiologists.
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Introduction

Arrhythmia is a cardiac-related condition with certain
irregular patterns of a heartbeat, caused by abnormal
contraction sequence of the heart. The efficiency of blood
pumping can significantly be reduced and it may lead to
some other life-threatening conditions such as stroke or
heart failure in many cases. Arrhythmias can usually be
detected by a traditional electrocardiogram (ECG) record
so that the electrical activity in the heart can intensively
be analyzed. Therefore, the analyses of P wave, QRS
complex, T wave, or R-R interval are of great importance.
For instance, the increasing amplitude of P wave (> 0.25
mV) indicates right atrial enlargement [1] or the variation
in R-R intervals more than 120 ms corresponds to sinus
bradycardia (the slow heartbeat of below 60 bpm).

For processing a large volume of ECG signals or big
data, various system platforms and algorithms have been
implemented for automatic detection and classification
of arrhythmias in order to save the cost in healthcare and
to optimize medical decisions. Classical classification
techniques have been implemented by performing fea-
ture extraction and processing further decisions based
on the extracted features. Various feature extraction
techniques are for example autocorrelation function [2],
time-frequency analysis [3], Fourier-transform neural
network [4], and wavelet transform [5]. Additionally, a
statistical modelling technique has been applied based
on Hidden Markov Models (HMM) [6]. The modern
technique based on learning algorithms is also applied
such as genetic algorithm [7] or least-squares support
vector machine (LS-SVM).

In this particular work, the combination of feature ex-
traction and a supervised learning algorithm using a
convolutional neural network (CNN) is proposed for the
classification of arrhythmia in a non-contact capacitive
electrocardiogram (cECG) system, which is set up in
a chair for real-time analysis. The system should be
able not only to classify every single heartbeat into four
different categories i.e. normal (N), left bundle branch
block (LBBB), right bundle branch block (RBBB), and
premature ventricular contraction (PVC), but also to trans-
fer the data into a cloud storage for further possible batch
processing as well as to represent the real-time stream
data in a tablet. This work is to demonstrate that cECG
signals can be used for predicting cardiac arrhythmias and

they can be applied in many clinical scenarios such as for
elderlies at home, in a car seat, in a pilot seat, or even in a
passenger seat, where medical attention is required. The
proposed system should ultimately support industry 4.0
and medicine 4.0 [8], respectively.

Materials and Methods
Hardware Platform

A set of non-contact cECG electrodes and a driven ground
plane have been set up in a chair for data acquisition. Two
electrodes were symmetrically positioned at the level of a
heart with the distance of 15 cm between each other. The
size of each electrode was 7.7 cm x 3.7 cm and this resulted
in the area of 28.49 cm? for one electrode. The distance
between electrodes was 14.3 cm. The clothing of a subject
functions as a dielectric material, which was surrounded
by the active electrodes and the skin of the subject acting
as conductive plates. These settings formed capacitive
sensing surfaces for monitoring electrical activity of the
heart.

The acquired ECG signal was then preprocessed and am-
plified by an analog filter and an amplifier. The filtered
signal was subsequently converted into digital signal by an
analog-to-digital (A/D) converter. A computer was used for
data processing, classification of arrhythmias, monitoring,
and data transmission into a cloud storage. In the scope
of this work, an Android application was also programmed
for monitoring of vital parameters, cECG signals, and la-
bels of arrhythmias. The overall system platform is shown
in Figure 1.

A/D Converter
NI USB-6259

Filter and Amplifier|

Tablet

B-ah-12

Cloud Storage Computer

Figure 1: A system platform for arrhythmia analysis.
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The personal computer used for this work is based on
DELL Intel® Core™ i5-4570 CPU @3.20 GHz, 4 cores
with 8 GB random access memory (RAM). The computer
is operated under Windows 10. Whilst NEXUS 7 ASUS of
quad-core processor is used as a tablet for on-hand data
monitoring, where the data are acquired from the cloud
storage system.

Software Layers

Python programming language is used for encoding the
overall software platform, which consists of three main
layers: data layer, processing layer, and diagnostic layer,
shown in Figure 2. Since the prediction or classification
of arrhythmia is based on a beat-by-beat basis, the cloud
storage using InfluxDB database platform is proposed
in the data layer for this particular real-time system.
InfluxDB developed by InfluxData is an open source
database platform for metrics and time series data that
is suitable for Internet of Thing (IoT) application and
real-time analytics. In this work, a tablet-based application
is presented for the data retrieval from the cloud storage
and the cECG signals with labels of arrhythmias can be
represented on the screen upon request.

Data Layer Processing Layer Diagnostic Layer

Data Source

Pre-Processing
\ v ' o2y Tl
; QRS Detection
N S
N ¢ -
|

Database

Deep Learning Model
S

Feature Extraction

Figure 2: Software layers for real-time processing in ar-
rhythmia analysis.

Once the cECG signal in data layer is acquired from the
cECG measurement system, it is transmitted to the next
processing layer, where preprocessing and feature extrac-
tion are implemented. This layer is a crucial step for the
successful prediction of arrhythmia. In processing layer,
many processes are implemented, for example, denoising,
filtering, normalising, detecting P wave, QRS complex, or
T wave, and extracting features (i.e. the amplitude of P
wave or R-R interval). Biorthogonal wavelet filter bank has
been implemented for specifying the positions of R wave,
Q wave, S wave, P wave, and T wave, respectively, so that
further feature extraction can be easily implemented. In the
last diagnostic layer, a deep learning model based on con-
volutional neural network (CNN) is designed and trained
using Keras (an open source library written with Python
and run on top of TensorFlow) from the ECG dataset with
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the known labels of arrhythmias. The classification is sub-
sequently performed in the diagnostic layer.

Biorthogonal Wavelet Filter Bank

In this article, the discrete wavelet transform was applied
to decompose the cECG signals with the main purpose to
identify the position of each particular wave, starting from
the detection of R wave or the highest amplitude in a cECG
beat. Biorthogonal wavelet filter bank is therefore proposed
in order to handle the nonstationary cECG signals and to
analyse a local area of signals in multiresolution scales.
The basic structure of biorthogonal wavelet filter bank is
shown in Figure 3. It consists of the following filters.

e Analysis filters that split the input signal into mutu-
ally orthogonal subbands (low-pass filter and high-
pass filter) and the filtered signals are then down-
sampled by two.

e Synthesis filters that upsample the input signals and
reconstruct the original input signals x(n) by com-
bining both subbands.

Analysis Filters Synthesis Filters
LPF Downsampler: Upsampler H

PF
H,(2) |->{ V2 —ﬂ 42 H G,(2)
w32 42 blem
HPF : LPF

x(n) y(n)=x(n)-z*

Figure 3: One stage biorthogonal wavelet filter.

There are a number of mother wavelet families that con-
tain energy spectrum concentrated at the low-frequency
band similar to the cECG signals. In this study, we use
biorthogonal spline wavelet by Mallet pyramid decompo-
sition. These filters are Hy(z) and H;(z) in the analysis
phase and Go(z) and G (z) in the synthesis phase, which
are defined by the following equations using Z transforms.

Ho(z)=%+43—‘-z*‘+§-z*2+%-z*3 (1)
Hl(z):—%—%-271+%-272+:—‘~273 (2)
Go(z)zHl(—z)z—%+§-z*'+43—‘~z*2—41—t-z*3 3)
Gl(z):—Ho(—z):—%—i—% 71—43—{272—}—%173 4)

These kernels [9] have the structure of symmetric half-
band polynomial and an important property of regularity
(smooth scaling). For detecting the best position of R peak,
further decomposition levels must be chosen by iteration
of higher stages of biorthogonal wavelet filter after analy-
sis filter at the low-pass filter (LPF) or the approximation
subband, resulting in a tree structure.
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Architecture of Deep Learning Model

With the purpose of classification, deep learning model
comprises numerous levels of representation by organizing
nonlinear modules that transform the representation start-
ing from the raw input into a representation at a higher
level with slightly more abstraction [10]. With the suf-
ficient composition of such transformations, the underly-
ing complicated functions can be learned or identified. We
typically require supervised learning approach with a huge
data set. The MIT-BIH Arrhythmia dataset [11] is therefore
used for the model training. It contains 48-h records of 47
subjects. All of the records have two signals, namely mod-
ified limb lead IT (MLII) and a lead V5, with a 30-min time
frame. The sampling rate is 360 samples per second per
channel. The deep learning model based on convolutional
neural network (CNN) is applied for the classification of
arrhythmia, shown in Figure 4.

Inputs
1* CNN Layer
1* Pooling Layer
2" CNN Layer
2" Pooling Layer

Flatten Layer

Dense Layer

J
s

Normal LEBEB RBBB

Figure 4: A proposed deep learning model of six layers for
the classification of cardiac arrhythmias.

In this particular problem, one-dimensional convolution

layer is applied for the beat-by-beat classification. The de-
tails of all layers are specified in Table 1.

Table 1: Defined parameters in the deep learning model.

Type No. of Filters| No. of Parameters
It CNN Layer 64 256

15t Pooling Layer 64 0
2" CNN Layer 32 6,176

2" Pooling Layer 32 0
Flatten Layer - 0

Dense Layer - 9,640

The first and the second CNN layers have kernel size of 3.
This deep learning model requires the optimisation of over-
all 16,036 parameters: 256 in the first CNN layer, 6,176 in
the second CNN layer and 9,640 in the dense layer. The
activation functions in both CNN layers are set to the recti-
fied linear units (ReLU). CNN layers compute the output of
neurons. Each CNN layer is directly followed by a pooling
layer, which performs a downsampling operation. In flat-
ten layer, it converts the output of convolutional part into
one-dimensional feature vector and the final classification

is carried out in a dense layer. Both flatten and dense lay-
ers utilize softmax activation function. With the proposed
model, the batch size of 1,000 samples is used for training
the model using categorical cross-entropy loss function and
Adam algorithm to optimise the CNN model.

Results
Detection of R-peaks

Based on the physiobank, MIT-BIT Arrhythmia Database
[11] is used for selection of typical patterns. Biorthogo-
nal wavelet filter bank is applied up to the fourth scale and
the first derivative is carried out for each scale. The ex-
treme values in the first derivative of different scales can
then be localised. R-peaks are defined at the zero crossing
points between maximum and minimum points of the first
derivative curve at the third or the fourth scales. Using this
approach, it can identify the onset of R-peaks and some of
the results are shown in Figure 5.

1 T T
~ R-peak
R 'p ,ea R-peak P

Rrpeak R-peak

08 i @
o

R-peak
]

o
o

ECG Signal [mV]
o
=

o
N}

oA

-0.21

0 0.5 1 15 2 25 3 35 4 45 5
Time [s]

Figure 5: Feature extraction of R-peaks [12].

With similar procedure by defining appropriate window
size, the onsets of other waves (i.e. Q waves, S waves,
P waves, and T waves, respectively) can be detected and
further feature extraction can be implemented such as the
amplitude of P waves, R-R intervals, or the heart rate.

Training of the Deep Learning Model

The data of 16,415 ECG records are separated into 67% for
the training of this deep learning model and 33% for model
validation. The training performance is stable after the 30
iterations or epochs with the best accuracy of 99.2%.

Model Prediction

Based on the validation data of 5,417 records, it consists of
the following dataset: 1,648 normal records, 1,308 LBBB
records, 1,285 RBBB records, and 1,176 PVC records. The
classification performance is summarised in Table 2.

Real-time Detection of Arrhythmias

Grafana is an open platform for analytics and monitoring
of time series data. In this work, the dashboards were de-
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Figure 6: Training performance of the model [12].

Table 2: Classification performance of the CNN model.

Normal| LBBB| RBBB| PVC | Total
Correct Prediction| 1,643 | 1,302 | 1,277 |1,153|5,375
Accuracy [%] 99.7 99.5 | 99.4 | 98.0| 99.2

signed to represent the cECG signals with classification
based on the trained CNN model. The result of this work is
given on the monitor of the personal computer in Figure 7.

Figure 7: Online classification of arrhythmias on a Grafana
platform [12].

In addition, an Android application has been implemented
to retrieve the dataset from a cloud storage based on a
NEXUS 7 ASUS tablet, shown in Figure 8.

Conclusions

Deep learning model of six layers has been applied for
the classification of arrhythmias into four main categories,
namely normal, left bundle branch block (LBBB), right
bundle branch block (RBBB), and premature ventricle con-
traction (PVC) with the average accuracy of 99.2%. We
also demonstrated that the real-time monitoring and classi-
fication of arrhythmias can be accomplished using the pro-
posed architecture on a beat-by-beat basis based on a non-
contact cECG system with the aid of biorthogonal wavelet
filter bank at the fourth level. The classification data was

48(106)

/NN |

MeditApp.

Figure 8: Real-time classification of arrhythmias [12].

directly stored in a cloud storage for evaluating them in
real-time as well as in historical records.
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Introduction

Obstructive sleep apnea (OSA) is an ordinary breathing
disorder, causing a temporary blockage of the upper airway
during sleep. It usually stops breathing for 10 seconds
or longer and the apnea episodes may regularly happen
from 5 to 100 times an hour. The severity criteria can be
assessed by Apnea-Hypopnea Index (AHI) or Respiratory
Disturbance Index (RDI) in three main categories: mild (5-
15 events an hour), moderate (15-30 events an hour), and
severe (more than 30 events an hour) [1]. The signs include
loud snoring, restless sleep, or daytime sleepiness. If it
remains untreated, OSA can lead to many possible serious
health complications, such as depression, mood disorders,
and heart disease. It can also bring about drowsiness with
the uprising risk of accidents while driving and working.

In this work, a prototype of contactless multisensor
chair was set up in order to detect vital parameters and
a deep learning algorithm based on a hybrid model of
convolutional neural network (CNN) and recurrent neural
network (RNN) was applied for the detection of apnea in
a sitting position, simulated scenarios such as in a pilot
seat, in a seat of truck driver or in any types of passenger
seat, where a big data can be collected during a flight
or a journey, processed in real-time for prewarning or
alarms, and transmitted to a cloud storage at a medical
center. The main objective of this work is to set up a
new software architecture for data acquisition and vital
parameter extraction and to demonstrate the integration of
deep learning algorithm for the detection of apnea.

To realise this system for the digital lifestyle, a modified
A architecture is proposed with a compromise between
real-time processing and restricted computational re-
sources. This software structure offers the benefits not
only to a real-time stream processing but also a batch or a
large volume of collected data processing. Typically, this
approach tries to balance throughput, fault-tolerance, and
latency (or time interval) in batch processing.

This contribution is organized as follows. In the section of
“Materials and Methods”, it begins with a hardware con-
figuration for data acquisition based on multiple devices
for the monitoring of heart and lung activities. It also pro-
vides a software architecture using A architecture as well as
a deep learning algorithm. The results of our experiments

are then given in a subsequent section, namely “Results”,
followed by a section of “Discussion”. The article ends in
the last section with the conclusions and future works.

Materials and Methods
Hardware Configuration

A hardware system consists of a number of unique con-
tactless sensors mainly produced in the Chair of Medical
Infomation Technology (MedIT), including a magnetic in-
duction (MI) sensor for the monitoring of breathing [2],
a cECG system for the monitoring of heart activity [3], a
smart photoplethysmography (PPG) [4], ballistocardiogra-
phy (BCG) [5], and a thermal camera (Seek Thermal Com-
pact) with a micro-USB connector. The additional ana-
log/digital (A/D) converter was set up by using NI USB-
6259 as an interface for cECG and BCG measurements
with a sampling frequency of 1,000 Hz. All devices are
then connected to a FUJITSU desktop computer (Intel®
Core™ i5-3470 CPU @3.20 GHz, 4 cores with 14 GB ran-
dom access memory (RAM)).

Data Flow with System Interface

All signals are acquired through different communication
ports and socket. Signal processing and feature extrac-
tion were carried out in all channels and passed directly to
Kafka producer. The producer consists of a pool of buffer
space, which can hold records that have not been transmit-
ted to the server. Apache Kafka is able to handle these big
data with very low time interval or latency with a range in
milliseconds. The data flow of system interface is shown in
Figure 1.

Signal Processing and
Feature Extraction

data | Temp, RR,HRand | | _ >
""" | 3
> comport [0

i [Thelsl AR b >
""" Mi data

CECG data

Sensors Communication

Kafka
Producer

Figure 1: Data flow with system interface in a contactless
multisensor system [6].
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However, in this article, we mainly focus on the signal ac-
quired from a MI sensor, where respiratory rate (RR) is
extracted and the preprocessed signals are used for the de-
tection of apnea.

Software Architecture

To process and analyse big data, the state-of-the-art A ar-
chitecture [7] is proposed as demonstrated in Figure 2.
The software is programmed by Java programming lan-
guage for data acquisition. With the proposed architecture,
Apache Kafka and Apache Spark worked underground to
manage the data in two main layers, namely speed layer
and batch layer. The speed layer supports stream process-
ing where fast data is being processed in real-time. While
batch layer handles all stored records for batch or large col-
lection processing. The deep learning model can use both
data from speed layer and batch layer for apnea detection.
With limited computational resources, the full functionality
of deep learning algorithm in the batch layer had not been
implemented in this work. The visualisation of real-time
data and apnea detection was set up using Kibana with the
aid of Angular]JS, which integrated into a serving layer. In
our configuration, Elasticsearch was used as a search en-
gine or a master database in this work.

Batch Layer
Deep Learning

- MastlerDB%
D00

27 Compute

Compute

Data Acquisition

Signal Processing

Sjava | e > kgio ..... » SPGrK
— ! . " .
Feature Extraction 1 Visualization
Respiratory Conditions P
Detection . o ==
= . ) 4 :
p kibana ¢
Speed Layer
IINGULAR)S

Figure 2: A architecture for apnea detection using a deep
learning algorithm [6].

Deep Learning Model for Apnea Detection

In this work, two different structures of deep learning mod-
els have been implemented, namely convolutional neural
network (CNN) [8] and a hybrid model of CNN and long
short-term memory (LSTM). This was implemented under
a Java-based framework using Deeplearning4j, which is a
deep learning library for integration, vectorisation, mod-
eling, and evaluation. Since the performance of the hy-
brid model is significantly better than the proposed CNN
model, only the hybrid deep learning model is presented
in this article. LSTM can be classified as a recurrent neu-
ral network (RNN) [9]. It offers a feedback structure of
neural network whilst CNN provides a feedforward neu-
ral network. LSTM is explicitly designed to prevent the
long-term dependency problem. However, it might have a
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convergence issue during model training. The designed hy-
brid deep learning model with 9 layers is given in Figure 3.
It contains 3 CNN layers, 3 max subpooling layers, 1 dense
layer, 1 LSTM layer and 1 last RNN output layer.

1] om0 e
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20 DenseLayer | 20 Dropout Ratio: 0.6

20 Graves 20 Activation: Tanh
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h 4
Loss:
20 RNN 2 | NegativeLikelihood
OutputLayer Activation: Softmax

Figure 3: Deep learning model based on the multi-layer
hybrid architecture [6].

The MI input signals were divided into chunks of 2,000
points or 20 seconds. The classification was carried
out in order to detect normal breathing or apnea from a
machine perspective. In this particular system, Xavier
weight initialisation method was defined with adaptive
gradient algorithm [10] as an update strategy, negative log
likelihood as a loss function, softmax activation function
in the final RNN output layer with 0.01 learning rate.

The apnea data were collected mainly by a MI sensor from
five healthy male subjects at the rest position and they were
requested to mimic central apnea by holding their breathing
for short periods irregularly. These generated the database
of breathing patterns over seven hours. The starting and
stopping periods of mimic apnea were labels as used as a
supervised learning. 70% of the dataset (976 records) were
used for training the deep learning model for detection of
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apnea based on the MI sensor and 30% of the dataset (416
records) were applied for validation purpose.

Results
Data Acquisition

The primary signals were acquired from three main sen-
sors i.e. photoplethysmography (PPG) sensor, magnetic
induction (MI) sensor, and cECG system. All of these sig-
nals can be used for the extraction of respiratory signals
[11], [12], [13]. The original signals were acquired and
given in Figure 4. These signals can be preprocessed using
appropriate filters or techniques for feature extraction. In
this work, only a second-order Butterworth bandpass filter
was applied to the processing of MI signals. The passband
was designed in the range between 0.1 Hz and 1 Hz, corre-
sponding to the breathing frequency of 6 bpm to 60 bpm.

‘/’;W‘ ,”'H /‘/ﬁ

T

0 1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Time [s]

PPG raw

iy

Ml raw

Figure 4: A sample set of primary sensors acquired from
MI, cECG, and PPG sensors for 30 s [6].

In this work, a peak detection algorithm was performed in
order to estimate the respiratory rate (RR) based on a mov-
ing window of 10 s [14]. The estimation of RR was mainly
for data representation and this feature was not used for
training the hybrid deep learning model.

Training Performance of the Deep Learning Model

The overall 1,392 breathing records were applied for the
evaluation of the proposed hybrid deep learning model.
Each record contained the breathing data of 20 s. 70% of
the dataset was used for training the CNNs and RNNs. The
training was performed to update the model parameters, re-
sulting in one cycle or an epoch. The repetitive training was
activated one after another to update the new model param-
eters in order to achieve higher accuracy with no overfit-
ting. In this particular work, the training was carried out
for 34 epochs with the highest accuracy of 92% and the
performance of the model is shown in Figure 5. The rest
30% of the dataset was utilized for validation purpose and
its highest accuracy in the validation dataset was 90% at the
34™ epoch. These two datasets were selected randomly.

Training accura

Validation Accuracy

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

Epoch

Figure 5: Training performance of the model [6].

Visualisation of Apnea Detection

The data from the speed layer were stored in a database,
handled by Elasticsearch. For visualisation of streaming
data, Kibana dashboard was designed for real-time visual-
isation of all acquired signals and AngularJS was used as
a platform for building web applications. In Figure 6, the
upper curve showed the original MI signal for 60 s, which
contained mimic apnea and the respiratory rate of 12 bpm
was shown at the top right corner, which was computed
based on the peak detection algorithm during feature ex-
traction.

12 bpm

Figure 6: Visualisation of magnetic induction (MI) signal
based on Kibana visualisation plugin for Elasticsearch and
Angular]S platform [6].

The middle curve in Figure 6 represented a filtered MI sig-
nal based on the designed second-order Butterworth filter.
The red part is highlighted using Java programming for the
detection of apnea episode in real-time processing. There-
fore, the system can effectively recognise the mimic apnea
and it should be able to detect apnea in various scenarios for
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real-time warning and for investigation of historical records
in batch processing.

Discussion

Due to the fact that typical respiratory rate for a healthy
adult at rest is approximately 12-18 bpm, one breathing
cycle thereby takes 3.3-5 s. Since a fixed 20-s window
was implemented for the evaluation of apnea episode, 4-6
breaths are contributed to this timeframe. The detection
of apnea based on this window size can be activated
when the state of stopping breath minimally takes longer
than 10 s. In other words, this system can detect apnea
whenever there was no breathing cycle for 2-3 breaths.
The adjustment of window size may be made for the
notification of an apnea episode, however, the proposed
window size was reasonable for the implementation of
apnea detection.

Because there was no data available for the detection of
respiratory patterns using a MI sensor, we, therefore, set
up the measurement with a random mimic of apnea and
only 1,393 breathing records were acquired and stored
in the database. They included normal breathing as well
as the mimic apnea. They were used for the training
of the proposed deep learning model with the highest
accuracy of 92% in the training dataset and 90% in the
validation dataset. These accuracies should be improved
by collecting a larger quantity of data.

Convolutional neural network (CNN) is a type of feed-
forward artificial neural network and is usually applied to
two-dimensional signals i.e. images. However, it can also
be applied to time series like in this case. While long
short-term memory (LSTM) network is a special kind of
recurrent neural network (RNN) with a smart dynamical
feedback structure to form short memory in the networks.
Based on the dataset, the hybrid model of CNN and LSTM
provided much better performance for the apnea detection
than a CNN model. In this article, the hybrid model was
therefore presented.

Conclusions and Future Works

A hybrid deep learning model based on CNN and LSTM
has been implemented for the detection of apnea with
the dataset measured from 5 healthy volunteers. The
highest accuracy was 92% and 90% in the training dataset
and in the validation dataset, respectively. With the aid
of A architecture, streaming data and batch data can be
processed in real-time and apnea detection can be realised
in the proposed contactless multisensor system, which
can be used for an immediate alarm or long-term medical
diagnostics.

There are many aspects in which this contactless multisen-
sor system can be extended. The following points should

be implemented in the future:
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1. Classification of apnea into three main categories,
namely mild, moderate, and severe

2. Comparison and evaluation of different deep learn-
ing models (i.e. CNN, LSTM, and a hybrid model
of CNN and LSTM) with other classification algo-
rithms such as random forests, decision trees, or
nearest neighbors.

3. Implementation of robust sensor fusion for the de-
tection and classification of apnea.
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Introduction

Management of Diabetes has become a world-wide issue
affecting patients of wide age ranges. To avoid diabetes
induced complications from hyper and hypo-glycemia, pa-
tients need to frequently monitor their blood sugar levels
multiple times. However, the most prevalent method of
blood glucose monitoring is invasive [1, 2], which is un-
comfortable to patients, carries risk of skin infections, and
is inconvenient for long-term usage. As has been men-
tioned in multiple review articles [3,4], the development of
a reliable noninvasive glucose meter (NGM) has vast mar-
ket potential and is urgently needed. Currently, major chal-
lenges to overcome in NGM are the low signal to noise ra-
tio and poor accuracy: introduced by variable temperatures
and skin surface humidity etc., necessitating additional cal-
ibration among individuals [5]. Fortunately, recent studies
found that the efficiency of NGM could be significantly im-
proved by integrating multiple sensing techniques [6,7].
In this study, we combine two technologies: namely the
Pulse-Echo Ultrasound (PEU) and Near-Infrared Spec-
troscopy (NIRS), to measure blood glucose level non-
invasively. These technologies are based on the essential
properties of light and ultrasound transmission in tissue.
For PEU, an ultrasound pulse is generated using an ultra-
sound pulser and transmitted through the tissue. A smooth
metal disk reflects this signal and transmits the sound back
to the source where it is detected by a transducer. The echo
arrival time is dependent on the speed of sound in the tissue.
As the speed of sound now depends on the glucose concen-
tration, the time of arrival of the reflected signal (also re-
ferred to as time lag) becomes a proxy variable for glucose
concentration [8]. For NIRS, light attenuation in tissue can
be expressed as: F,; = Fi,e *err where Fy, & F,,; are the
incident and output light fluencies, terr = /3o (Ha + 1)
is the effective attenuation coefficient, p; is the reduced
scattering attenuation coefficient and , is the absorption
attenuation coefficient [9]. Scattering and absorption varies
with glucose concentration for near infrared light [10]. It
is also known from Kirill’s work that transmitted optical
signal intensity decreases when glucose concentration in-
creases [2]. Hence by monitoring attenuation of an optical
signal through a tissue, we can potentially determine glu-
cose concentration levels.

Since both these methods use distinct measures (time of ar-
rival and effective optical transmission) to estimate blood

The first two authors contributed equally to this work.

glucose level, PEU and NIRS in conjunction provide a re-
liable method to estimate glucose levels non-invasively. In
vitro experiments are done to collect data, two modelling
techniques are investigated to estimate glucose levels and
resulting prediction results are presented.

Experimental Setup

Figure 1 shows a schematic of the system. For ultrasound
detection, the sound wave is detected by a piezoelectric
disk whose central frequency is 4.25 MHz (7 x 0.5 mm R
Wire Leads, Steminc). An ultrasound pulser (5055 PR,
Panametrics) is connected to disk to generate the ultra-
sound pulse. An oscilloscope is used to acquire the PEU
data (TDS5054 digital phosphor oscilloscope, Tektronix).
For the NIRS part: a laser diode of 950 nm is used. The
laser diode is controlled by a Laser Diode Combi Con-
troller (ITC510, Thorlabs) which is modulated by a func-
tion generator (SDG2042X, Siglent) with a 100 Hz sine
wave output. Transmitted near infrared light is detected by
a InGaAs Switchable Gain Amplified Detector (PDA10CS,
Thorlabs). Glucose solution is contained in a lab made tank
(blue block in the schematic) of dimensions 200 x 100 x 20
mm, with a window size of 100 x 70 mm. The window is
covered with plastic membrane whose thickness is 0.3 mm.
The laser detector and piezoelectric disk are placed on one
side of the tank, whereas the ultrasound reflector for ultra-
sound and laser diode is placed on the other side. Gel is
used to couple the piezoelectric disk to the tank to facili-
tate efficient acoustic transmission. To reduce system size,
the laser output is routed through an optical fiber. During
the in-vitro experiments, the tank was filled with serum-
glucose solution with a pre-determined glucose concentra-
tion and was maintained at a constant 20°C temperature.
The setup can easily be adapted for in-vivo experiments by
switching the arrangements shown in the red dotted boxes.

Data
PEU Dataset

PEU data is collected in the following way. An ultrasound
signal is sent from the transducer (from one side of the
tank). This signal is reflected back from the other side of
the tank and is detected after a specific time interval. This
time interval is now dependent on the speed of sound in-
side the tank medium which in turn is dependent on the
glucose concentration inside the tank. Therefore, by ob-
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Figure 1: Experimental Setup Schematic

serving the time intervals, it is potentially possible to deter-
mine the glucose concentration.

For illustration, 13 different glucose levels were selected at
which the time intervals are determined. At each of these
glucose levels the experiment was repeated 15 times. By
observing the cross correlation data between the emitted
signal and the reflected signal, it was possible to determine
values of the time lags.

Figure 2 presents the collected data, i.e. the value of the
mean time lags at each glucose level. It is evident that there
is a clear unique relationship between the glucose level and
the time lags.
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Figure 2: Mean Time Lags vs Glucose Concentration

NIRS dataset

NIRS data was collected in the following way. At each
of the glucose concentration levels, an optical signal (with
the help of a laser) was emitted from one side of the tank.
This signal was then detected at the other end of the tank.
Since the attenuation in the detected signal is known to be
dependent on the glucose concentration, the RMS value of
the attenuated signal can now serve as a modelling param-
eter for glucose concentration. The collected data has been
presented in Figure 3. Once again, we observe a unique
relationship between glucose concentrations and the RMS
values.

It is interesting to note from Figures 2 and 3 that the two
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methods PEU and NIRS are most sensitive to different re-
gions of the glucose spectrum. This is evident in the slope
of the plots. PEU is seen to be most sensitive in the high
glucose region while NIRS is seen to be most sensitive in
the low glucose concentration region. In fact, this com-
plementing sensitivity makes these two techniques suitable
for combined use. It should be noted that the data for PEU
as well as NIRS was collected simultaneously on the same
serum samples.

Modelling and Prediction

The in-vitro experiment yielded N = 13 data points. This
dataset is divided into two groups: namely the training
data (Syrain Where [Strain| = Rerain) and the testing data (Syes
where |S;es| = Myesr)- The idea now is to develop a predic-
tion model using the training dataset and validate its perfor-
mance on the testing dataset. Note that ny,4in + Hrest = N.

Independent prediction models are developed for PEU
and NIRS which estimate the respective glucose levels
(GPEU,GN1RS) as well as their uncertainties in terms of vari-
ances (625,65 rs)- The final glucose estimate (G) is eval-
uated simply using an inverse variance weighted technique

(6-12’EU)_1GAPEU + (6-1%71RS)_IGANIRS
52 ) T (62, )] M
(6pgy) "+ (Grirs)
Two modelling techniques have been investigated in this
work: Linear Regression and Gaussian Process Model.

G:

Linear Regression Model (LRM)

In this work, a linear regression cubic polynomial model of
the form

Gpry /NIRS = a0 +aix+ arx* + azx’® 2

is sought where x denotes the independent variable. For
PEU, x is the mean time lags and for NIRS is the RMS
value of the attenuated signal. For brevity, subsequent de-
velopment will not include the subscripts PEU /NIRS.

The coefficients (e = [ag,a1,az,a3]!) are determined by
minimizing the sum of squared errors (or residues) in the
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dataset S;,4in. The final well known expression is
a=VTv)y"WiG 3)

where V is the Vandermonde matrix. The i row of the

Vandermonde matrix is given by V(i,:) = [1,x;,x7,x}] and

the i element of G vector is given by G; where (x;,G;) €

Strain-
The covariance of the estimated coefficients are then given
£2 _ 20uTy -1 2 _ Ly -
by 6; = s*(V'V)~" where 5= = =y and r; is the
ramn

residue for the i data point in Sty4in, 1.€.
ri=G;— (a0+a1xi+a2x,»2+a3x?). )

It should be noted that |.| operator represents cardinality
and in this case |a| = 4.

Finally, the prediction of glucose at an unknown point xq
can be made simply using the model, i.e.

5 2 3
Gpeu/nirs = a0 +a1xo + axx + azxy. (5)

. . . . A 2 . . .
The uncertainty in prediction &5, /NIRs 1S given by:

A2 _ T a2
Opgy nirs = V0 0 Vo, Q)

where Vy = [l,xo,x(z),xg]T. A prediction G at xy can now
be made by using equation (1).

Gaussian Process

In this method of prediction, it is assumed that the out-
put variable (i.e. glucose concentration in our case) for
the training data set (S;.4i;,) as well as the point at which
a prediction is to be made (for example a sample point in
Siest) are both part of a joint Gaussian probability distribu-
tion function. A linear predictor is then designed such that
the predicted output (Gpgy /NIRs) 18 a linear combination of
the observations in the training dataset (i.e. G; € Styqin)-

It can be shown that the predicted output (Gpgy /NIRS) atan
unknown point xy is given by:

GPEU/NIRS =Via+RiR™'(G—Va) @)
and the associated uncertainty is given by:
6-1%EU/NIRS =6;(1—RGR™'Ro+ui (VIR™'V) ug), (8)

where ug = VIR™'Ry — Vo. G, V and V| are defined as
mentioned previously. The matrix R € R'rain*"train ig intro-
duced to capture spatial correlations between sample points
in S;4in. The elements of R are determined using various
spatial correlation kernels studied throughout the Gaussian
Process literature. In this work, a squared exponential au-
tocorrelation function kernel was used, i.e. the elements of
R were calculated using the relation

N )2

Rij=e T ©)

for all i = [1 : nygin] and j = [1 : nypain); Where R;j represents
the i’* row j” column element of R, x; € S4in and Xj €
Strain and [ is a scale parameter that needs to be determined.
The vector Ry whose i element (R (i)) is defined through

X0 )2

Ro(i)=e 7 (10)
represents the spatial correlation of the training set to xg.
Before the final expressions (in equations (7) and (8)) can
be calculated, the values of a, %2 and parameter / needs
to be evaluated. Once again, there are a number of ways
outlined in the literature by which they can be determined.
The approach used in this work is that of a Maximum Like-
lihood estimator (MLE). The MLE algorithm can be shown
to yield closed form expressions for @ and 6‘32 and an opti-
mization problem to determine /. The results have been
presented in equations (11) through (13):

a= VTR 'v)"WWIR'G (11)
67 = (G—Va)'R™Y (G —Va) /nain (12)
I =arg min; 6} (det(R))"/Mrain. (13)

Once the above values are known for PEU and NIRS, a
prediction G at Xo can now be made using equations (7), (8)
and (1). Details of the Linear Regression method as well as
the Gaussian Process prediction can be found in [11].

Results

In this work, n;,4i, Was selected to be 10 (therefore ;.5 =
3). The division of the data points between the two groups
was done randomly. Then the datapoints in Sy, were used
for modelling and the models were used to predict the glu-
cose levels at the datapoints in S;.5;. The predicted values
were then compared to the true values. Performance of both
the prediction algorithms were tested and compared.
Figures 4 and 5 show the PEU and NIRS model developed
using linear regression on a sample training set respec-
tively. The red squares bordering the blue circles represent
the training set. The black curve denotes the predicted line
(or the regression line). The grey band shows a 3 — ¢ band
about the prediction line.
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Figure 4: PEU LR Model Figure 5: NIRS LR Model
Figure 6 shows the PEU model developed using Gaussian
Process modelling on the same sample training set. A sim-
ilar plot of NIRS Gaussian Process model has been pre-
sented in Figure 7. It should be mentioned that the models
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are seen to predict negative values (for NIRS) at the edges.
This is primarily due to poor extrapolation capacity of the
models and should be ignored.

The linear regression models are then combined (using
equation (1)) to predict the glucose levels at the 7,5 points.
The same predictions are also made by combining the
Gaussian process models. Table 1 lists the corresponding
results. Columns 4 and 5 in the table represent the percent-
age error in prediction from both the methods.

HTrue Glucose\ LR \ GP \% Var (LR) \ 9% Var (GP)‘

50 62.25 | 52.58 24.50 5.16
225 219.64(220.65 2.38 1.93
325 336.59|333.47 3.57 2.61

Table 1: Prediction results from Linear Regression (LR)
and Gaussian Process (GP) Modelling

We can see from the table that, in this particular example
both the algorithms are successfully able to predict the glu-
cose concentration within an error of 25mg/dL.

In order to determine quantitatively which algorithm per-
forms better on average, a Monte Carlo based simulation
was done. The division of the data set into the training
set and testing set was repeated 1000 times. For each
of these cases the prediction errors from Linear Regres-
sion and Gaussian Process modelling were recorded. The
results were organized into two matrices Erg and Egp.
Eg € R%est <1000 where each column represents the Linear
Regression prediction error from each Monte Carlo trial.
Similarly each column of E¢p represents the Gaussian Pro-
cess model prediction error from each Monte Carlo trial.
Finally to compare the two methods, the following metric

Nresr 1000

Jirjr= | . Z Ergjcp(is J)? (14)
j

1

was defined to evaluate which algorithm did better on aver-
age. Erg/cp(i, j) represents the ' " row j"* column of the er-
ror matrices Ej g and Egp. It was found that J; x = 650.4864
and Jgp = 452.5926. Hence, we can conclude from the val-
ues that the Gaussian Process model performs better and
should be used for all successive predictions.

Conclusions

In this paper, combining two modes of non-invasive glu-
cose concentration sensing to improve accuracy of predic-

56(114)

tion has been investigated. In-vitro experiments were done
to establish that this method is not only possible but could
also be potentially state of the art. Two different mod-
elling techniques (Linear Regression and Gaussian Process
modelling) are explored and variance weighted data fu-
sion is used to make final predictions. Both methods have
shown promise although a Monte Carlo based simulation
suggested the Gaussian Process works better on average.
This work provides the foundation to go further and per-
form in-vivo experiments and address the issues associated
with that.
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	Ключевые слова: рентгеновское излучение, неонатология, диагностика, конструкция аппарата.
	Компьютерная программа для настройки медицинского рентгеновского аппарата Ларионов И.А, Клонов В.В., Бессонов В.Б.
	Ключевые слова: рентгеновское излучение, программное обеспечение, неонатология, резонансная схема.
	Цифровая обработка рентгеновских изображений с использованием адаптивной эквализации гистограммы  и адаптивной коррекции фона Староверов Н.Е., Грязнов А.Ю., Холопова Е.Д.
	Ключевые слова: микрофокусная рентгенография, эквализация гистограммы, цифровая обработка изображений.
	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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