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Information Redundancy as an Information
Theoretic Criterion for Onset Detection

We propose a criterion, called ‘maximal redundancy’,
for onset detection in time series. The concept redundancy
is inspired from information theory and indicates how well a
signal locally can be explained by an underlying model
exploiting past observations. It is shown that a local
maximum in the redundancy is a good indicator for an
onset. It is proven that ‘maximal redundancy’ detection is a
statistical asymptotically optimal detector for AR
processes. Moreover, the detector accounts for non-
Gaussianity of the innovations in the AR processes, using
negentropy. Several applications are shown where the new
criterion has been successfully applied.

Previous research often started from the assumption

that an onset is characterized by a change in the variance
profile of a signal (see [1] for an overview). This
assumption was made either heuristically (see the Hodges
and Bui, Bonato et al., Lidierth, Abbink et al. references in
[1]) or explicitly by means of a statistical model (EstOpt,
AGLRstep and AGLRramp in [1]).
Here, we assume that the onset of a ‘signal of interest’ can
be determined as a change in the information redundancy
profile. In fact, it was shown ([2]) that the proposed
MaxRed criterion is not contradictory to EstOpt, but rather
is complementary to it. Both EstOpt and MaxRed are
based on a log-likelihood ratio; however EstOpt assumes
identical and independently distributed (i.i.d.) Gaussian
variables whereas our MaxRed can handle dependent and
non-Gaussian variables, by establishing the link with
information theoretic concepts.

Given 2 hypotheses H, and H,, the optimal statistical
decision is determined by the Neyman-Pearson criterion

[3]:
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We then assume H; is a model, where the current
observation is a function of past observations, while H,
contains i.i.d. observations:

Yn = f(}"',,,l > Vn=2,Yn- P ) +é&,

Note that the model in (2) contains the autoregressive
model (AR) as a special case. We can further prove, by
transforming the y; into the ¢, variables, and making use of
causality, that (2) is equivalent to (see [2]):
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In (3), we used the Shannon-McMillan-Breiman theorem
(see [4]) to establish the asymptotic result, where H(.) is
the Shannon entropy. It can be proven further [2], that (3)
is equivalent to the marginal information redundancy [5].
Hence, we can state (1) combined with (2) intuitively as:

“We choose in favour of H, if there is a significant
decrease in the number of bits needed to encode a
sequence of observations, when we take into account
the past observations”.

We show 2 applications, where the ‘maximal
redundancy’ criterion has been successfully applied as an
onset detection criterion.
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Figure 1. Burst onset detection. The oscillating burst (in cyan) is an example of an
acoustic event due to pitting. Detection of the burst occurs by detecting a minimum in the
inverse redundancy profiles on top of the figure. The noisy signal was created from the
burst signal by adding WGN until -14 dB SNR.
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Figure 2. Voltage jumps onset detection. The electrochemical noise signal is shown on
the bottom. The jumps are related to stress corrosion cracking (SCC) events. On top 2
exponential inverse redundancy profiles corresponding with 2 different parameter
settings are shown. Note that at the onset of the jumps, about 110 s and 190 s, 2
distinctive minima (or maxima in redundancy) are obtained.

[1] G. Staude, C. Flachenecker, M. Daumer, and W. Wolf, “Onset Detection in Surface
Electromyographic Signals: A Systematic Comparison of Methods”, EURASIP
Journal on Applied Signal Processing, Hindawi Publishing Corporation, 2001:2, pp.
67-81.

[2] G. Van Dijck, M. M. Van Hulle, “Onset Detection through Maximal Redundancy
Detection”, ICPR 2006, oral presentation (15% acceptance rate).

[3] S. M. Kay, Fundamentals of Statistical Signal Processing: Detection Theory,
Prentice-Hall, 1998.

[4] Shannon, C. E. (1948). “A Mathematical Theory of Communication”, The Bell
System Technical Journal, 623-656.

[5] S. Dubnov, “Generalization of Spectral Flatness Measure for Non-Gaussian Linear
Processes”, IEEE Signal Processing Letters, August 2004, pp. 698-701.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /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 <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


