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This paper shows how the new Stable32 spur removal feature can be used to detect,
analyze and remove a pair of discrete spurious components from a set of simulated phase
data having underlying white FM noise. The original phase data comprises 5130 © =1
second points with two large spurs at 10 and 20 mHz, and white FM noise at a level o(1)
= 1.0. The analysis uses phase data, L(f) phase noise, and all tau ADEV stability plots to
show the effect of removing the spurs with periodogram averaging factors of 1, 2 and 4.
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Figure 1a. Original Phase Data with 2
Discrete Spurs

Figure 1b. Corrected Phase Data with
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Figure 1c. Corrected Phase Data with
Spurs Removed Using AF =2

Figure 1d. Corrected Phase Data with
Spurs Removed Using AF =4

Phase Data Plots for Original and Corrected Data

Strong periodic components are more visible in phase than frequency data because the
noise is smoothed. The most obvious component in the uncorrected data has a period of
100 seconds (100 t =1 sample intervals). The phase data corrected by using AF = 2 has
the least residual periodic ripple.
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Figure 2a. Original PSD Plot

Figure 2b. Corrected PSD Using AF =1
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PSD Plots for Original and Corrected Data
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Figure 2d. Corrected PSD Using AF =4

The spur removal is best at AF = 2. The original spurs at 10 and 20 mHz are nearly

absent in all of the corrected PSD plots.

In the AF = 1 PSD plot, the energy near that

Fourier frequency is actually somewhat above and below it, where no correction was
applied for the 20 dB spur threshold that was used. The excess energy near 4 mHz in the
AF =2 PSD plot is probably an artifact of the removal process. A lower spur threshold
of 15 dB was needed to remove the smaller 20 mHz spur for AF = 4.
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All Tau ADEV Plots for Original and Corrected Data

All cases have the same o(1), and all corrected cases have similar ADEV plots, but the
corrected data and stability are not identical. The AF = 1 and 2 averaging factors are
best, probably because, with more averaging than that, the spurs are removed from
relatively small FFT data sections. All of the corrected stability plots follow the general
trend of the lower envelope of the uncorrected all tau ADEV results. The first minimum

of the uncorrected stability plot is at t = 100 seconds, the period of the largest 10 mHz
spur.

The spur removal in the plots above inserts zeros at those Fourier frequencies where
spurs were detected above a selected threshold. Extending the spur removal range by +2

FFT points improves the spur suppression, especially for AF = 1 as shown in Figure 4
below.
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Figure 3c. ADEV Plot
AF =1 Plots for £2 FFT Point Extended Spur Removal

Spur removal can be a useful technique to analyze clock data that is badly contaminated
by discrete spurious components. It is possible to remove such interference while
preserving the essential noise and drift characteristics of the underlying data. But this
technique should be used with discretion, preferring uncontaminated data whenever
possible. The spur removal process involves FFT and inverse FFT processing of zero
padded time domain data when the original record length is not an exact power-of-two.
This produces more time domain data points than the original record that are truncated to
the original length. Clearly the subsequent analysis is performed on altered data.




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


