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OpmHOW W3 aKTyaJlbHBIX MpoOiieM cOopa, pErHCTpalud W aHaimu3a Teo(U3NYEeCKAX JaHHBIX B
MHOTOKAHAIBHBIX CHCTEMaX Iepeiadl TeIEMETPUICCKON MHPOPMALIUH SBISCTCA pa3paboTka METOIOB KOJUPOBAHUS
CCHCMUYECKUX CHTHAJIOB B pEallbHOM BpPEMCHH. TpPYAHOCTh pEIICHUsS JaHHON 3aJadd OO0YyCJIOBJICHA BBICOKUMH
TpeOOBaHUSAMH TOYHOCTH BOCCTAHOBIICHHS TEIEMETPUYECKON WH(opMamuu o Treo(GU3NYECKUX CHTHAlaxX MpH
OTHOCHUTEIIFHO HU3KOW CKOPOCTH Tepelavyd JaHHBIX OTACIBHO B3SATOTO KaHANa, a, CICIOBATEIBHO, TMPU yCIOBUH
obecrieueHns 60bIIOr0 KO3GGUITMeHTa CKaTHI HHPopManuu. BMecte ¢ TeM, 3HaUUTEIbHBIE TOCTHKCHHUS B 00JIaCTH
TEOPHH YaCTOTHO-BPEMEHHOI'0 aHAIM3a, BEKTOPHOTO KBAHTOBAHMS U BEHBIIET-IPEOOPAa30BaHMUS BBICOKO JMHAMUYHBIX
MPOLIECCOB, MOJyYCHHbIE B MOCIEAHHE TOIBI, a TaKKe B OOJIACTH CO3JAHMS LIMPOKOTO CIIEKTpa AamlapaTHhIX U
MPOTPaMMHBIX CPEJCTB MOJCIUPOBAHUS W pealu3allii B pealbHOM BPEMEHH CHCTEM IpeoOpa3oBaHusl U
KOJMPOBaHHUs HMH(POPMAIMH, BCEISIOT YBEPEHHOCTh B BO3MOXKHOCTh MOCTPOCHHS I(PQPEKTHBHBIX TMOJICHCTEM U
YCTPOMCTB C)KaTHsl TENEMETPUYECKOW HH(POPMAIMKH TNPUMEHUTEIBHO K MHOTOKAaHAJbHBIM CHUCTEMaM cOopa u
perucTpanyy reopu3nIeCcKix TaHHbIX.

JIBIDKEHME YaCTHIl TOYBKI IO JCHCTBUEM YIIPYTHX BOJH COBEPIIACTCS B TPEX H3MEPCHUSX, a TPACKTOPHUU MX
UMEIOT BUJI MPOCTPAHCTBEHHBIX KPUBBIX. OHAKO B 3aBUCHMOCTH OT THIIA UCHOJB3YEMBIX MPH Pa3BEIKE TOJIC3HBIX
BOJIH (popMa TPAECKTOPUHM MOKET OKa3zaThcs Oosee mpoctoit. Bua mpoduis u rpadukoB KoeOaHuil ypyroi BOJHBL,
BBI3BAHHOH B3pPHIBOM, 3aBHCHUT OT MHOTHX YCJIOBHM, TAKHX KaK XapakTep B3pbIBa (BKIOYAs CTPOCHHE CpPEIbl BOIU3U
B3pbIBa), MOTJIOMIAOIINE CBOWCTBA Cpe/ibl, OCOOCHHOCTH CTPOCHUs TPAHUI] pa3[esia Ha MyTH BOJIHBI U T.I. BBUIY
pa3HoOOpa3ust 3TUX YyCIOoBHH (opma KoneOaHW MOKeT OBITh pasznudHoi. s uX OOOOIIEHHOTO OIMCAHWS
MPUMEHSIOT HEKOTOPbIE COOTHOLICHUs, UMEIoIine (GopMallbHbIi cMbIch. [t pelieHus TOCTaBISHHOW 3aja4n
MIOCTPOCHA MOJENh CEeHCMUYEeCKOoro curHaia (2), OCHOBaHHAas Ha CyMMeE JMHEHWHON KOMOWHAIIMM MHOECTBa
HUMITYJTECOB C KOJIOKOJIBbHOM orubarormeii Buaa (1) co crenuanrbHbIM 00pa3oM moo0paHHpIMU TapaMerpamu [ 1].
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TJIe Ty — AMILTUTYAA K-ro UMITyJIbca (YMEHBIIAETCS C pocToM K);
thpux.k — BPEMS IpHX0a k-0l BOJIHBI;
Ny — IapameTp, ONPeACISIONUi GOpMy BOIHBI;
) — 9acToTa k-0i BOJHEI;
O — haza k-oii BOIHEI,

Siceiicy — CUTHAJ, IMUTHPYIOIIMA €CTCCTBEHHBIH (DOH KoJIeOaHUH — MUKPOCCHCMBI (MCCIIEI0BAHUE PEATbHBIX
ceficMOrpaMM MOKa3ajio, YTO MHKPOCEHCMBI MOTYT OBITh MPEACTABJICHBI KaK CIydaiiHas MOCJIEIOBATEIBHOCTh C
paBHOMEpHBIM pactipeaeneHueM, oopadorannas HU guinbTpom ¢ oTHOCHTENHHON YacToTOM cpe3a 0.67; B pe3yabTaTe
OTHOILIECHHE curHal mym coctasiseT 30ab).

CpaBHEHUE pealIbHBIX M CHHTE3HPOBAHHBIX CEHCMOrPaMM ITOKA3aI0 XOPOIIYH CXOXKECTh KaK BO BPEMEHHOM,
TaK ¥ B YaCTOTHOW OOJIACTSIX, & TAKXKE B XapaKTepe pacpeICIICHUS 3HAYCHUH MOYJIS OTCUETOB CUTHAJIA.

Hawnbonee mpocToii W ecTecTBEHHOH cmoco0d cxatus (KOAMPOBAHWSI) BPEMEHHOW IMOCIEA0BATEIIHBHOCTH
x(n ), 3aganHOi Ha KOHeuHOM mHTepBajie Habmoxerns 0<n < L —1, npenmonaraer BO3MOXKHOCTE OTOpAaCHIBaHUsI

(nepenaqa OJHOTO outa 0) BCE€X BPCMCHHBIX OTCYETOB, MOAYJb KOTOPLIX JCKUT HUIKC YCTAHOBJICHHOI'O MOpOra

O op ! x*( n)= {x( n), ecnu |x( n )| >0 uHaye xK( n)= O}. Kpome Toro, 60JbII0i AMHAMHUYECKUN THANa30H

nop’
CHTHAJIa IO3BOJIIET HCIIOJIb30BATH NEPEMEHHYIO JUIMHY PETMCTPOB IIaMSTH ABOWYHOTO IPEICTABICHHS OTCUETOB
ceficMuyeckoro curhana. MccrnemoBanmst mokasanmy, 4To 3(QQEKTHBHOCTh CXaTHS CEHCMHYECKOrO CHTHajda BO
BPEMEHHON 00JacTH HE BBICOKA: IIPU NIPOCTOM CPABHEHHH C IOPOTOM JIEXKHT B mpefenax 2% nake MpU yBEIWYCHUN
3HAYEHMsl mopora a0 15-ro JBOMYHOTO paspsna, a NpH MHepexole K MepeMEHHOW pa3psIHOCTH TPeNCTaBICHHS
BPEMEHHBIX OTCUETOB I'apaHTHPOBaHHO cocTaBisieT 20% mnpakTHyecku Oe3 MoTepu TOYHOCTH. Vcmonp3oBaHue IUis
TIOBBIIIEHUS 3((QEKTUBHOCTH CXKATHs MOIOJHHUTEIbHBIX NPHUEMOB, TAaKMX KaK JIMHEHHas WHTEPIOJALMS, HE JaeT
OLIYTUMOTO d(PeKTa.

[TockonbKy 4YacTOTHOE TIPEJCTaBIECHHE CEHCMHYECKOrO CHI'HAla COCPEJOTOYEHO B OOJNBIION CTENEHH B
o0JlacTH HHM3KMX YacTOT M C POCTOM YacTOThl HMMEET TEHACHIUIO K CPaBHHUTEILHO OBICTPOMY 3aTyXaHHIO,

TEOPETUYECKA BO3MOKHO YCEUEHHE BBICOKOYACTOTHBIX coctaBisromux X (k ),k=0,L—1, mno amropurmy
TTOPOTOBOH 00padOTKH

X (k)={X(k), ecn |X(k)=0,,,; maze X (k)=0}

nop’

@2001, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru



3-a MexxayHapogHasa KoHdepeHuns DSPA-2000

Bouiee Toro, BCieACTBAE YAaCTOTHOTO Pa3/iesieHUs] MOIIHBIX («3a0MBAIONIMX» AMHAMHUYECKHUI JAMANa30H W He
TpeOYIOIMX BBICOKOH TOYHOCTH TPEICTABICHUS) W OTHOCUTENHHO HEOOJNBIINX [0 YPOBHIO CHEKTPaIbHBIX
COCTaBJIAIONINX 1eJIeCO00Pa3HO BTOPUYHOE KBAaHTOBAHHE C IIATOM, TAPaHTHPYIOIIUM 3aJaHHYI0 OTHOCHTENhHYIO
MOTPENIHOCTh ~ TpeoOpazoBanHus. B pesympraTe  HENMWHEHHOW  TMOpPOTOBOM  00pabOTKM  mepemaBaemast

HOCIIEOBATENLHOCTL Ko3QduinenTos ®ypre X " (k ) MOXeT OBITh IpecTaBiieHa B Buje (2)
* (]k—l —i _
X'(k)=F{X(k)}="3 Bp,27, Br;=101} k=0M-1, 3)
i=0

rae M < L - gucno kosdpdunuentos @ypbe, NpeBBIIAIOIIMX 3a1aHHbIH mopor [3].
HccnenoBanusi nokasand, 4To 3((EeKTHBHOCTh CXKATHs 32 CYET OTOpAChIBaHHMS YacTH IEpeAaBaeMbIX
kodpdunrenToB Pypne, MOAYIb KOTOPHIX HE TPEBBIIACT yCTAHOBJICHHBIN mopor, He Oomee 1% (mpum TOUHOCTH

BOCCTaHOBIECHHS < 2-1076) u sexuT B mpenenax 30% mnpu yBeNWMUYCHHWM 3HAYCHHS TOpOTa A0 15 IBOMYHBIX
paspsimo. Ilpu mepexoje K MEPEMEHHOM pa3psIHOCTH MpeacTaBlicHHs Kod(pduuueHToB Dypbe 3(hGHEKTHBHOCTH
ckaTusi BospactaeT 10 37% dakTuyecku 0e3 MOTEpH TOYHOCTH BOCCTAHOBJIICHHUS. BBeJCHHE HEpaBHOMEPHOIO Iiara
KBaHTOBaHUS MO0 YpoBHIO Kod¢p¢ummenTtoB Dypre (Ipu paspsIHOCTH MPEACTABICHUS MAaHTHCCH (=16)
3¢ ($EeKTHBHOCTD CXKaTHSA B YaCTOTHOW 00JIACTH MOKET OBITh TOBBIIIeHA 10 50% MpH COXpaHEHUH BBHICOKOI TOYHOCTH

BOCCTaHOBJICHHSI (< 10 5).

W3BecTHBII HA MPOTSHXKCHUHM MHOTHX JCCSATUICTHA U XOPOIIO 3apCKOMEHIOBABINUI ce0s B 3a/1a4ax CKaThs
PEYEBBIX CHTHAJIOB METOJ JIMHCHHOTO MpPEICKa3aHHs XOPOIIO IMOKa3an ceOs U MpH PEHICHUH 3aJa4d COKATHS
ceificMuueckux curHanoB [2]. Ilomywaromuiics B pe3yibpraTte pabOTBI 3TOT0 METOJA OCTATOK MPEICKA3aHUS HMECT
3HAYUTEIIFHO MCHBIIMHA JUHAMHYCCKHN [UANa30H, YeM HWCXONHBIA CcuTHAI. VcclienoBaHHs TIOKa3aid, 4YTO
ONTUMANIBHBIMA  JIII  ABTOKOPPEIIIMOHHOTO METOJa JIMHCHHOTO TpEACKa3aHWs B CMBICIC YMCHBIICHUS
JMHAMHAYECKOTO Uara3oHa OCTaTKa MpeACKa3aHWs SBISIOTCS CIIEAYIOIIMe 3HAueHMs mapamerpoB: M=12 (mopsaok
npeackazanus), N=300 (mmmHa BpeMeHHOro OKHa 00paboTkw). [Ipu HCIONE30BaHUU TMEPEMEHHON pa3psSAHOCTH
MIPEICTABICHNS OTCUETOB OCTaTKa TpelcKa3aHus S(PGEKTHBHOCT CXKAaTHs TrapaHTHpoBaHHO Oombme 20% (mpu

Tounoct Boceranosienus < 1-107°) u gocturaer 65% (npu Tounoctn Boceranosnenns < 1-107).

BypHo pasBuBaroniuiicst 0ojee qecsTH JeT BeiBieT (MaJoBOIHOBO) aHaIN3 MO3BOJISIET NOIYYUTh YaCTOTHO-
BpEMECHHOE MHOromacmrabnoe (multiresolution) mnpencraBnenue curHana [4,5,6]. BeiiBner-aHamu3z — 23T0
MaTeMaTuuecKkas KOHCTPYKIHS, CHHTE3Wpyollas JBe uaed oO0paboTku curHanoB. [lepBas mumes — pasioxeHHe
CHrHaia Io mojauamnazoHam (subband decomposition) npu TOMOIIM KBaApaTYpHBIX 3€PKAJbHBIX (QHIBTPOB
(quadrature mirror filters) — mosiBMIIach B 3afade CKaTHA pedd. Bropas uaest — mupaMuaHoe npencTasienne (pyramid
representation) — B 3agade cxkartus m3oOpaxkenuil. OOe waem CBA3aHBI C NPUMEHEHHEM K CHTHAIYy (HiIbTpOB
CIEIHAIIFHOTO BHJIa, KOTOPHIE MO3BOJISIOT Pa3AeNIUTh HU3KOYACTOTHBIE U BEICOKOYACTOTHBIE COCTABIISIONINE CUTHAIA.
Omnwmpasick Ha TPEANIONOKEHHE O TOM, YTO BCS TMOJie3Has MH(OPMAIUsI B CEHCMHYECKOM CHTHANE COACPKUTCS B
muanazone ot 0 o 100 ', MoxHO OBITIO OBl 0XKUAATH BRICOKOH d(HD(PEKTUBHOCTH CXKATHS NP MPUMEHEHUH TaHHOTO
Metoma. OpmHAaKoO, WCHONB30BAaHNE AHANOTHYHBIX MPEIBIOYIIAM METOJaM KpPUTEPHUEB OICHKH TOYHOCTH
BOCCTaHOBJICHUsSI HE ONpaBJIali0 MOJOOHBIX OXKHMIOAHWH. B dYacTHOCTH, HMCHONB30BaHWE BEHBIET NPENCTABICHHS
CHI'HaJla ¢ PaBHOMEPHBIM IIaroM KBaHTOBAaHUS KOI((GHUIMECHTOB pa3lIoKEHUs 1 OTOpackiBaHHEM KO3 (GHUIUECHTOB, HE
MIPEBBIMIAIOIINX YCTAHOBJICHHBIM TOPOT, HE JaeT OIIyTHMMOTro 3(¢eKTa IO CKATHUIO B JOIMYCTUMOM JAWara3oHe
3HAUEHMsl OIIMOKM BOCCTaHOBJIEHHS. VICIONB30BaHHE NEPEMEHHON pa3psSAHOCTH IIPEJACTABICHHUS OTCYETOB JAcT
rapaHTHPOBaHHYIO 3((EeKTUBHOCTH cxxaTust B 31% 0e3 morepn TOYHOCTH BOCCTaHOBJICHUs. [loBBIICHNE 3HAYCHMS
TOpOra JI0 YPOBHs, IPH KOTOPOM TOYHOCTh BOCCTAHOBIICHHS yMeHbIaeTcst 10 107, m03BONSET CRMMATh CHIHAM B 5-8
pas, IpH ATOM COXPAHSAIOTCS OCHOBHBIE YaCTOTHO-BPEMEHHBIE 0COOEHHOCTH CUTHATIA.
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Designing compact coding methods of seismic signals in real time is one of actual problems closely related
with collecting? Registration and analysis of the geophysical data in multichannel systems of the telemetry
information transfer. The main difficulty is determined by the requirement of the information large aspect ratio, under
condition of high restoration accuracy of the telemetry information on geophysical signals. However, achievements in
the theory field of the time-and-frequency analysis, vectoral quantizing and wavelet-transformation of high dynamical
processes, and also in the field of hardware and software creation of simulation and the implementations in a real time
of data processing systems, allow to speak about the possibility of finding a key to the set problem.

The motion of soil fragments affected by elastic waves and committed in three dimensions has trajectory
looking like space curves [1]. Nevertheless depending on the type of useful waves, used at prospecting, the shape of
the trajectory can appear more simple. To cope with the set problem the seismic signal model (2), founded on the
linear combination of impulses (1) with special fitted parameters is constructed.
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where M — amplitude of impulse; tyyx « — time of the wave arrival; n, — parameter determining waveform; , —
frequency of the wave; 0, — wave phase; Syceiien — Signal cloning natural background of oscillations. The matching of
the actual and synthesised seismograms has shown good similarity both in temporary, and in frequency areas.

The threshold processing of a time sequence is the most simple and natural way of compression. In this case
instead of samples, which one does not exceed an captured threshold, one zero bit is transmitted. The large volume
range of a signal allows to use variable length of the memory registers of a binary representation of sample of a
seismic signal. The researches have shown, that the efficiency of compression of a seismic signal in a time domain is
not high. The threshold processing allows to receive efficiency of compression about 2 %. Usage of a variable digit
capacity allows to achieve 20 %. Usage for increase of compression efficiency the linear interpolation, does not give
of appreciable effect.

The frequency representation of a seismic signal is massed in the field of low frequencies and with growth of
frequency fast damps. Truncating high frequency components on algorithm of threshold processing therefore is
possible [3]. Owing to frequency separation powerful and small spectral components expediently secondary
quantizing with a step guaranteeing given relative error of restoration. The researches have shown, that the efficiency
of compression at the expense of threshold processing of Fourier coefficient, module which one does not exceed an

established threshold, no more than 4 % (at accuracy of recovery <2- 1075) and lies within the limits of 30 % at
increase of value of a threshold up to 15 binary digits. Usage a variable digit capacity of representation of Fourier
coefficients the efficiency of compression increases up to 37 % actually without loss of accuracy of restoration. The
introducing of an irregular quantum on a level of Fourier coefficients (at a digit capacity of representation of a
significand q=16) efficiency of compression in frequency area can be heightened up to 50 % at preservation of a hi

accuracy of recovery (< 107).

Widely known a linear prediction coding method [2], which one well has shown itself in problems of speech
compression, was tested for compression of seismic signals. It has resulted in good outcome. At usage of a variable
digit capacity of representation of prediction residue efficiency of compression is guaranteed more than 20 % (at

accuracy restoration < 1 - 107 and reaches 65 % (at accuracy of restoration< 1-107).

Roughly developing more than ten years wavelet decomposition allows to receive time-frequency
multiresolution representation of a signal [4,5,6]. Wavelet is a mathematical construction synthesising two ideas of a
signal processing: subband decomposition at the help quadrature mirror filters and pyramid representation. Both ideas
are consist in application to a signal a special kind of filters, which one allow to section low frequency and high
frequency components of a signal. Usage of a variable digit capacity of wavelet coefficients representation gives
guaranteed efficiency of compression in 31 % without loss of restoration accuracy. The increase of value of a
threshold up to a level, at which one accuracy of restoration decreases up to 107, allows to compress a signal in 5-8
times, thus the main time-frequency features of a signal are saved.
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