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Abstract— In paper the question of increase of accuracy of
seismic data processing by use of low-frequency and band-pass
filters is considered. Thus the purpose of a filtration is
decomposition of noisy seismic signal. For management of
process of decomposition the operational information on spectral
structure of signals is used.
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L

The majority of natural processes including results of
seismic exploration are nonlinear and non-stationary. For
processing and the analysis of such processes it is necessary to
know internal structure of signals.

INTRODUCTION

Received during the field works seismograms contain a
considerable share of undesirable waves-noises and stirring
fluctuations, and wuseful waves are inconvenient for
interpretation. Therefore primary seismograms should be
processed with use of the most modern computer equipment.
One of the most widespread methods of processing of noise
data is correcting filtration.

IL.

Let's set mathematical model of a noisy fi signal with local
non-stationary signals fIn + f4n which in the sum form useful
fOn information (fig.1(a)). The capacity of noise is
commensurable with capacity of local signals.

APPLYING LOW-PASS FILTERS
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Figure 1. Mathematical model of a noisy signal

Local signals represents radio impulses with carrier
frequencies wl+w4, two first of which is peak modulated.
White noise of constant capacity is distributed on all
frequency range of a signal. The module of signal spectrum is
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given on fig. 2. For spectrum calculation was used Fast
Fourier Transform (FFT).
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Figure 2. Noisy signal spectrum

When a signal is not noisy and in a range of a signal all
frequency components are well allocated, there is no need for
decomposition. Division of signal into components can be
executed by band-pass filters. However in the presence of noise
in signal’s spectrum it is possible surely to identify only the
main carrier frequencies, but all non-stationary components of
signal and lateral modulating frequencies are masked by noise.

Results of decomposition are influenced also by the
signal/noise ratio. Noise causes "crushing" and distortion even
the monotone frequency IMF functions (fig.1(b)).

Division of signals in various IMF (inner majority function)
can be executed with use of operational information about
spectrum of signal and spectrums of allocated IMF [1].

Taking into account following of levels of IMF from high
frequencies to low, on the first level in IMF-1 high-frequency
noises of a signal outside of high frequencies of useful
information are separate. On the second level in IMF-2 in the
model of a signal accepted by us it is necessary to separate f1
signal. For this purpose by means of low-frequency filter with
boundary cutoff frequency of ®, below radio impulse f7
frequencies we will filter all frequencies of a signal in an
interval 0+a,.,; and we use result as the initial m/(k) function
(fig.2). Similarly, on the next stage the following IMF 2 radio
impulse can be eliminated and etc [2].

On a modeling signal the assessment of signals division
quality can be carried out calculation of factor of mutual
correlation (p) between information functions and their IMF
images.

Noises is not belong to type oscillatory processes, but
satisfy to definitions of the IMF functions. At distribution of
noise spectrum on all frequency range of a signal, frequency
components of noise are distributed on all IMF functions. The
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example of elimination of a noise signal on IMF levels is given
in the main frequency range on fig.3.

Figure 3. Noise signal in IMF functions spectrum

If in signal spectrum is well expressed the highest
frequency ®p.x of information component, a direct way of
signal cleaning is cutting of high-frequency noise from a
signal spectrum from this ®. border (fig.2) to Nyquist
frequency oy with transfer to a time domain as the first IMF-1
function.

For comparison purposes qualities of cleaning modeling
signal from noise at known frequency borders of a local signal
f1 (including modulating frequencies) we will execute signal
selection in the range of ®w,+w, by means of pass-band
filtration (PF) and the decomposition method (in IMF-2) and
we will calculate the VDA parameter (vectors divergence
angle) between the allocated signals and the fl function.
Results of operation are given on fig.4. Quality of noise
cleaning of both methods is almost equally.

¥ oeyp = 10.19 deg

¥pe= 10.17 deg

] 500 1x10°

Figure 4. Comparison pass-band filtration and decomposition method

But peak, frequency or phase changes of information
frequencies are equivalent to their modulation and emergence
in the main peaks of carrier frequencies of lateral frequencies
which cannot be allocated in spectrum, and their cutoff will
lead to partial loss of information.

Let's consider one more parameter which is directly
influencing on process of decomposition. It is width of a
passing zone of the filter.

With reference to high-pass filters for noise selection the
width of passing zone is a negative factor. At passing zone
widening to the left from @, in cut noise will be include and
excluded from the analysis modulating frequencies of a signal
f1 (fig.2). When we use decomposition nature of influence of
passing zone changes on opposite. At passing zone expansion
to the right from o, the part of noise from passing zone starts
to remain in the range of f7 signal and the VDA parameter
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starts to increase, but all modulating frequencies in fl signal
remain. This factor starts to play a positive role if the width of
a lateral band of f7 signal is a priori unknown and at
installation of cutoff frequency . of low-pass filter the
mistake can be allowed.

At setup of cutoff frequency of low-pass filter of
decomposition within modulating frequencies of an allocated
signal, the VDA parameter increases in relation to possible
minimum. But at increasing of passing zone the VDA
parameter starts to decrease (losses of lateral frequencies) and
reaches a certain minimum (at complete inclusion of lateral
frequencies in structure of selected signal), near to absolute
minimum then starts over again to increase at the expense of
inclusion in structure of a signal of the increasing share of
noise frequencies. For complete inclusion of all lateral
frequencies in structure of selected signal value of passing
zone should be such that the factor of transfer of low-pass
filter on limit of lateral frequencies wasn't lower than 0.707.
Wide zones of minimal VDA on dependence on width of
passing zones do decomposition process steady against errors
of installation of borders and width of passing zones.

From here the simple logic of installation of low-pass
filters of decomposition for cleaning of noise is follow. The
cutoff frequency of filter is established directly after peak of
the maximum frequency of cleared noisy signal which is
usually well fixed on signal spectrum or is known according to
aprioristic data. The width of passing zone is established
according to aprioristic data or on expected peak of non-
stationary signal.

On fig.5 spectrums modules of the 4th consistently
eliminated functions (®.;=0.65 rad, passing zone is 0.075 rad,
the IMF-1c and 1d functions are given in the increased scale),
and also a spectrum of the sum of these functions in
comparison to noisy fI/ signal spectrum are shown. It is
possible to see that in the IMF functions there are low-
frequency components in an interval 0+o.;. These components
don't display any noise frequencies in a signal, and are formed
by an interference of the allocated high-frequency noise. It
allows to null spectrum values in an interval 0+, that gives
additional reduction of VDA between IMF-2 and f1 for 3+5%.
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Figure 5. Spectrums of selected components

Baku, Azerbaijan



1V International Conference “Problems of Cybernetics and Informatics” (PCI'2012), September 12-14, 2012
www.pci2012.science.az/2/16.pdf

When cleaning of noise decomposition has possibility of  and destabilizing fluctuations, and can be used effectively for
separate setup of cutoff frequencies and width of passing cleaning from noise practically all seismic data.
zones at selection of functions in IMF-1 that allows increasing

controllability process of signals cleaning. REFERENCES
[1] Davidov V.A., Davidov A.V. Cleaning geophysical data from noises by
III. CONCLUSION means of Hilbert-Huang Transform (in russian) //Electronic Scientific
X . . Edition “Actual Innovative Investigations: Science and Practice”, 2010,
The stated technique is free as from physical essence of #1.
processed data, and statistics of distribution of noise signals [2] Abdullayev 1.M., Allakhverdiyeva N.R. Digital Correcting Filters in

Measurement Systems (in russian). Baku: Chashioglu, 2007, 197 p.

<€ IEEE 199 Baku, Azerbaijan




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


