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3amaun 00paOOTKH CHUTHAJIOB C OTPAKCHUSMH pEIIAIOTCS BO MHOTHX O0JacTax Haykw. Hampumep, B
CCHCMUYECKUX WCCICIOBAHUAX, MMIYJIEC CEHCMHYCCKOW JHEPTHH, CO3AaBacMOW B3PBIBOM, PACIPOCTPAHICTCSA B
3eMJIC M TIPU 3TOM HCHBITHIBACT OTPAKEHHS OT PA3IUYHBIX CIOEB 3€MHOI KOpHI. B pajroHaBUTAIINH PaTUOUMITYIIBEC
OTpaXkaeTcsi OT MECTHBIX PEAMETOB U penbeda.

Buoanextpudeckue curnHanel (B3C), XapakTepH3ylOlide COCTOSIHAC JKHBBIX OpPraHU3MOB, OOBIYHO
oOpabatbiBatoTcss Ha (OHE AATUTHBHBIX M 3€PKAIBHBIX ToMeX. K amauTHBHBIM TIOMEXaM OTHOCATCS MIyMEI,
TapMOHMYECKHE MOMEXH OT CeTH NMUTAHUS MPUOOPOB, HU3KOYACTOTHBIC IOMEXHU BBI3BaHHBIEC Apei(hoM mapameTpos.
[Ipu pacpocTpaHeHHN CUTHANA B KaHaJIe CBSA3M BO3ZHHUKAIOT OTPAKEHUS OT HEOJAHOPOTHOCTEH, HAKIIAAbIBAIOIIHECS Ha
OCHOBHOM CHTHAIL.

[IpuMepoM OHOMEIUITMHCKOTO CHTHAJa C OTPAXCHUSAMH H IITyMaMH SIBIISICTCS CHTHAJI PEOTPaMMBI COCYIOB
yenmoBeka. OTpakeHHS BO3HHMKAIOT ITIPH PACIPOCTPAHEHHMH IYJIbCOBOH BOJHBI OT CEpAlla K OpraHaM B TOYKax
BETBJICHUS COCY/IOB HM3-32 Pa3HHIBI CEUYCHHsI KPYITHOTO COCYIa M CYMMBI CEUCHHUI Oojee MeNkuxX oTBeTBicHHA. C
TOYKH 3PCHUS JUATHOCTHKU CHT'HAJ PEOTPAMMEI COMEPKHUT HHMOPMAIIHIO 0 (hopMe MyJIECOBOM BOJHBI H O XapakKTepe
MIPOXOXKICHHUSA €€ TI0 apTEPUATEHOMY PYCITY.

IIpu orcyrcTBUU ampuopHON WHpOpManuu o (opMe MyIbCOBOW BOJIHBI, [UIS BBLACICHUS e Ha (oHe
OTpaKEHHU YAOOHO MPUMEHUTH TOMOMOP(GHYIO (QDUITBTPAIIHIO.

B kemcTpe curHama ¢ OTpaKeHHEM, KOTOPBIM BBIYHCISIETCS Kak 0OpaTHOE AMCKPETHOE INpeoOpa3oBaHHe
Oypre (OAIID) ot morapudma criekTpa CUTHaNIA , KpoMe WHGOPMAIMU O KaHaje PaclpOCTPaHEHHs MPHUCYTCTBYET
nHpOpMaNUsA O TOJE3HOM CHrHaje. Pa3menuTs 3TH 9acTH KencTpa MOXKHO, HAllpUMEDp, IMyTEM PEXEKIHU KencTpa B
00nacTH MajbIX 3aIepiKeK.

HenmocraTtkoMm kemcTpaiabHON 00paboTKu SBISETCS €€ BBICOKAas YyBCTBUTEIBHOCTH K ITyMaM. DKCIEPHMEHT
TOKa3aJjl, 9TO ATOT METOJl MPUMEHUM TIpY COOTHOIeHUH cuTHamN / myMm He MeHee 30- 40ab (puc. 1).

Puc.1. Biusinue mrymoB Ha BUJ KETICTpa CUTHAJIA C OTPAKEHUEM.

Jis mogaBieHNsT aJINTHBHBIX IIOMEX, ITPH COOTHOIIEHUH CHTHAJ/IIyM MeHbIne 30nb MoXHO ncnoiap30BaTh
aJIaNTUBHBIN TUCKPETHBIN KoMmmieHcaTop nomex (A IKIT).
Knaccuaecknit AJIKIT 0OBIMHO HCIONB3yeT MPOIEAYPY BBIYUCICHUS CBEPTKH TEKYIIMX OTCYETOB MOMEXH

N,(t)=N

yerpoiictea (3Y) AJID h ; (HEKOTOpBIC aNpHOPHBIC JAHHBIC) HA OCHOBE TEKYIIEIO 3HAYCHHS CHIHAJIA OLIMOKH

|; M OTCYETOB HMITYITECHOTO OTKIHKA CPE/ibl, HOPMUPYIOIIEH OMEXY, BHIGHPACMBIX H3 3AMOMUHAIONIEr0
€,=y;— dj,TO ecTh

Y :(zjhile(j—i), j=t/T=012,.. .
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3HaueHUs hlj B IMOCICAYIOIIMX  TaKTaxXx  KOMIICHCAlIUU  YTOYHAKOTCA T'PaAMCHTHBIM  MCTOJAOM

h,', j+l :h,'j +Ah,‘j 0 3HAYCHWH, ONPEJCHAIOUMX CHTHAT Y, KOMICHCHPYIOIMA MOMEXY N (t ) ITpumep

aIalITUBHOM KOMIIEHCAIINHY IITyMOB B TAPMOHHUYECKOM CHTHAIIE TIPE/ICTABIICH HA PUCYHKE 2.

Puc. 2. Pe3ynbrar paboThl aJanTHBHOTO KOMIIEHCATOPA.

Henocrarkom Takoro AJIKII siBnstercst 3HaunTeNnbHOE BpeMsi BEIpaOOTKHM curHaia koMmnerncanuu (100—200
TaKToOB), cHiKaromee ObictponeiictBre AKJII u 3aTpyaHsiomiee €ro MCIOJIb30BAaHWE NPH BO3JECHCTBHU IIOMEX C
PE3KO HM3MEHSIOIMMHCS BO BPEMEHM CTaTUCTUYECKMMH XapakTepuCTHKaMH. Takoil ciydwail, Hampumep,
COOTBETCTBYET COBMECTHOMY BO3/ICHCTBHIO Ha CHCTEMY IITyMOBOW ITOMEXH M OTPAXKEHHUS IOJIE3HOTO CUTHaja (3X0) OT
Kakoi MO0 HEOTHOPOAHOCTH. DTOT HEAOCTATOK B 3HAYMTEIHHOW CTETIEHH MOXKET OBITh YMEHBIIEH IOTIOJHCHHEM
knaccuaeckorr cxembl AJIKIT amammzatopom kemnctpa (AK) (puc. 3), MOAKIIOYEHHBIM K OCHOBHOMY BXoay |
KOMIICHCATOpa W BBITONHAIOMNM (QYHKIMHA CEJIEKTOpa JOMUHHPYIOUMICH KOMIIOHCHTHl HMITYJBCHOTO OTKIIHKA,
(dbopmupyromel oTpakeHHEe BO MHOTOJNy4eBOM KaHaie. B aTom ciydae 3¢ ¢GeKTHBHOCTh pPabOTHI aJalTHBHOTO
(uIpTpa MOBBITIAETCS — COKpaIaeTcs dtan nepectpoiiku AJI® u mpenoTBpaimaeTcss CphiB mporecca KOMICHCAUN

HpI/I BO3ﬂ€I>iCTBPIH ﬂOMI/IHI/Ipy}OHICFO OTpa)KeHI/IH.
! xi=Si+N C\ Ej >SS, j=0,1,...
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Puc. 3. Crpykrypa AJIKII ¢ aHanm3aTopoM KercTpa.
B ocnoBe AJIKII ucrmomm3yercss HepekypcuBHBIN 1udpoBort AJD-HD, B 3amoMuHAIOMEM YCTPOHCTBE
KOTOPOTO XPAaHATCA BCE BO3MOMKHBIE 3HAUEHMS MMITYJILCHOTO OTKIMKa kaHana (MOK) h j,i =12,...,M . Touck

HYKHBIX 3HAYCHHUH hj B MOMCHT li MIPOBOAUTCA B 3aBUCUMOCTH OT BCJIMYUHBI gj . AHanmaTop KEeICcTpa COCTOUT U3

670ka TpsiMoro GeicTporo mpeobpasosanuss Pypre (BIID), morapupmaropa (Log), Giaoka oOGpaTHOTO OBICTPOTO
npeodpazoanus Oypre (OBIID) u Bpemennoro cenekropa (BC).
B 610ke BII® onpenensercs 9acTOTHBIN 00pa3 BXOAHOTO TpoIiecca

x(j)=S(j)® h(j)—2— X (k)- H (k)

-2-
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rne j =0,1,2,... — orcuers o Bpemenu 1 ; k=0,1,2,... — orcuers! no yactore ) ;

x( ]) — JIMCKpPETHBIE BBHIOOPKHM BXOJHOIO IIPOLEcCa x(t), ompeficiAeMble B BHIE CBEPTKH CHUIHAJIBHBIX
0TCueTOB S ( j ) Y UMITYJIbCHOHM XapaKTePUCTHKU h( ]) cpenbl, popMupyroIIel moMexy (oTpakeHune);

X (k ), S(k ) — JHMCKPETHBIC YaCTOTHBIC CIICKTPBI CHTHAJIOB x( J ) S ( J ) COOTBETCTBEHHO;

H (k ) — JIMCKPETHAS 9acTOTHAs XapaKTEPHCTUKA CPEMBI, GOPMHUPYIOIIEH MOMEXY.

JlorapudmaTop I0Kanu3yeT KOMIOHEHTHI CIIEKTPa CUrHANa S (k ) Y 4acTOTHOI Xapakrepuctuku H (k )
In X (k)=1nS(k)+In H(k),
a B Onoke OBII® HaxomsaTCs KEmCTphI )’5( Jj ), .§ ( Jj ), /’Al( Jj ), MPEACTAaBIAIOIIME OLEHKU CUTHAJIOB x( j ), S ( Jj ), h( Jj ) B

HOBOM BpeMeHHOW obiacTu. BpeMeHHOH cenekTop cTpoOupyeT KOMIIOHEHTY h( Jj ), KOTOpasi BBOAUTCS B a1alITUBHBIH
¢GbuIBTp 17151 BEIPAOOTKH CUTHATIa KOMICHCAMH U PEaTU3aIiy POLEIyphI

M
€, =x,-y;=5,+N; —Zhi’le(l—])% S
i=0
VYka3zanHasi omepaiys B Tpeleie BBINONHACTCS 3a oAuH TakT pabotel AJIKII, Omaromaps uyemy Bpems
obOyuyenuss AJI® cokpamraercs, a Obictpoaericteue AJIKIT Bo3pacraer. EcrectBenHo B mpenmenax Takra AJIKII

JOJI?KHBI OBITh BBIIIOJIHCHEI npoueaypbl aHaan3a KCIICTPOB U CCJICKTUPOBAHUS h(]) .

OcCHOBHas KOMIIOHEHTa KETCTpa MMITYJIbLCHOTO oTKiuka kanana (MOK) & o= p50 ( J—J3 ) CEJIEKTUPYETCs

¥ noctynaet napawiensHo va M cxem cpasuenns C, ...C, , 6narogaps uemy B AJI® ornepatiBHO noctynaior u3 3y

m?
3HA4YCHUA hi = hpj . HepeGop hi 10 BIIMSTHUEM gj HCKIIIOYACTCA U YUCJIO TAKTOB KOMIICHCAITUW YMCHBIIACTCS.

[Mpumenenne romomopduoii 0opadorku B AJIKII nosBosser:
1. 3HaunTensHO MOBBICUTE ObIcTpoaericTere AJIKIT;
2. TloBeicuTh nocToBepHOCTH 00padoTkn BOC Ha done mrymoB (o 25 - 30 n1b) u oTpaskeHMil CONPSDKEHHBIX C
CUTHAJIOM;
3. OmpenenuTb UMITYJIbCHBIE CBOMCTBA KaHaa pacnpocTpaneHusi BOC B opranusmMe yenoBeka.

<

ANALYSIS OF BIO-ELECTRICAL SIGNALS WITH THE REFLECTIONS ON THE BACKGROUND OF
NOISES
Bernyukov A.K., Kostikin I.J.
Vladimir State University
87, Gorky str., Vladimir, Russia, 600026

Example of bio-electrical signal (BES) with reflections and noises is a signal of arteries reo-gram.
Reflections appear in switchpoints of arteries, when a pulse wave is spreading from the heart to organs, because of
section differences in large artery and sum of sections of more small branches.From standpoint of diagnostics a
reogram signal contains information about the pulse wave form and about the character of its passing through arteries.
In the absence of apriori information about the pulse wave form, for its separation on the background of reflections it
is convenient to use gomomorf filtration.

In cepstrum of signal with reflection, which is calculated as an inverse discrete Fourier transformation
(iDFT) from the logarithm of signal spectrum , the information about the channel of distribution and information
about the useful signal are also present. To separate these parts of cepstrum it is possible, for instance by mean of
regection of cepstrum in the field of small delays. The main disadvantage of cepstrum processing is its high sensitivity
to noises. The experiment has shown that this method can be used at the signal/noise correlation not less than 30 - 40
Db (fig.1).
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Fig. 1. Influence of noises on the type of signal with the reflection cepstrum.

Adaptive discrete noise compensator(ADNC) it is possible to use it for noise suppression. Classical ADNC

usually uses procedure of calculation of folding of noise current samples N, (t )= N, ; and a pulsed response of
ambience, forming noise, samples, chosen / ; (some apriori data) from memory unit (MU) of ADF on the basis of

current value of mistake €; =y, — dj , 1.e.

y; = %h,,N] (j—i),  j=t/T=012,...

Values hl'j in following tacts of compensations are elaborated by gradient method hi,j "

=h; + Ah,; before
values, defining signal y;, compensating noise N (t ) The disadvantage of such ADNC is a significant time of

compensation signal production (100—200 tacts), reducing speed ADNC and obstructing its use unde action of noise
with sharply changing statistical features. Such case, for instance, corresponds a joint action to the system of noise and
reflection of useful signal (echo) from any spottinesses. This defect of classical scheme ADNC to a considerable
extent can be reduced by the addition of cepstrum analyzer (CA), connected to main entry 1 of compensator and
executing functions of selector of dominant components of pulsed response, forming reflection in much-beam
channel. In this case efficiency of working an adaptive filter increases — the stage of realignment of ADF is
prevented decreases and the cessation process of compensations under the action of dominant reflection. Structure of
ADNC with CA is submitted for fig.2.

The mane part of ADNC is a nonrecursive digital filter ADF-NF, in the mamory unit of which contains all

possible values of pulsed response of channel (PRC)h iol =1,2,...,M . Searching of necessary values h ;oat
moment 7 ;is conducted depending on values €. Cepstrum analyzer consists of the block of direct fast Fourier

transformation (FFT), logarithming block (Log), block of inverse fast Fourier transformation (iFFT) and time
selector (TS).
In block FFT is defined frequency image of input process

x(j)=5(7)® h(j)—**— X (k)- H (k)
where j =0,1,2,... — sample number depending on time 7 ; k =0,1,2,... —sample number depending on
frequency J;
x( Jj ) — discrete samples of input process x(t ), definied as foldings of signal samples S ( Jj ) and pulsed
feature h( j ) ambiences, forming reflection;
X (k), S(k) — discrete frequency spectrums of signals x(j), S(j) accordingly;
H (k ) — discrete frequency feature of ambience, forming reflection.
Logarithming block localizes components of spectrum of signal S (k ) and frequency features H (k )
In X (k)=1nS(k)+1In H(k),
and in block iFFT are defined cepstrums )AC( j ), S ( j ), hA( j ) which are evaluations of signals

x( Jj ), S ( Jj ), h( Jj ) in new time area. Time selector strobes to component h( j ), which is introduced in adaptive filter
for production of compensation signal and realization of procedure
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M
g,=x,-y=S,+N,- Y h N(-j)->5,-
i=0
This operation in the limit is executed for one machine cycle of ADNC, due to that the time of educating of
ADF is shortenned, and speed of ADNC increases. Naturally within the tact of ADNC procedures of a cepstrum

i=Si+N .
b SN e g

analysis and selecting h( j ) must be executed.
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Fig. 2. Structure of ADNC with cepstr analyzer.

Using a gomomorf processing in ADNC allows:

1) to raise speed of ADNC significantly;
2) to raise validity of BES processing on the background of noises (25 - 30dB) and reflection associated with signal;

3) to define pulsed characteristics of channel of BES distribution in person organism.




