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4 Conclusion

In this contribution we have proposed a new approach for supervised linear trans-
fer learning, namely an expectation maximization (EM) approach, maximizing
the data likelihood of the transferred target space data according to a source
space model. While our derivation focused on a particlar model (GMLVQ), it
can be applied analogously for full probabilistic models, such as Gaussian Mix-
ture Models, or other prototype-based models, such as neural gas or k-means.

In our experimental evaluation we have shown that our proposed EM algo-
rithm is able to identify a viable transfer mapping rapidly, even if only few target
space points are available and some labels are not represented in the training
set. Therefore, our approach offers an attractive alternative to classic supervised
learning in cases where a model for the same task in a related space is available
and obtaining training data in the new space is costly. This is particularly the
case for our experimental domain, wearable biomorphic prostheses, where ob-
taining training data depends on carefully timed patient input. As such, our
results give reason to hope that robust and easily adjustable prostheses control
algorithms may become possible in the near future.

References

[1] J. T. Belter, J. L. Segil, A. M. Dollar, and R. F. Weir. Mechanical design and performance
specifications of anthropomorphic prosthetic hands: A review. Journal of Rehabilitation
Research & Development, 50(5):599–618, 2013.

[2] A. P. Dempster, N. M. Laird, and D. B. Rubin. Maximum likelihood from incomplete data
via the em algorithm. Journal of the Royal Statistical Society. Series B, 39(1):1–38, 1977.

[3] D. Farina, N. Jiang, H. Rehbaum, A. Holobar, B. Graimann, H. Dietl, and O. C. Aszmann.
The extraction of neural information from the surface emg for the control of upper-limb
prostheses: Emerging avenues and challenges. IEEE Transactions on Neural Systems and
Rehabilitation Engineering, 22(4):797–809, July 2014.

[4] J. M. Hahne, B. Graimann, and K. R. Müller. Spatial filtering for robust myoelectric
control. IEEE Transactions on Biomedical Engineering, 59(5):1436–1443, May 2012.

[5] R. N. Khushaba, M. Takruri, J. V. Miro, and S. Kodagoda. Towards limb position invariant
myoelectric pattern recognition using time-dependent spectral features. Neural Networks,
55:42–58, 2014.

[6] S. J. Pan and Q. Yang. A survey on transfer learning. IEEE Transactions on Knowledge
and Data Engineering, 22(10):1345–1359, Oct 2010.

[7] C. Prahm, B. Paassen, A. Schulz, B. Hammer, and O. Aszmann. Transfer learning for rapid
re-calibration of a myoelectric prosthesis after electrode shift. In ICNR2016, October 18-
21, 2016, Segovia, Spain, pages 153–157. Springer International Publishing, 2016.

[8] P. Schneider, M. Biehl, and B. Hammer. Adaptive relevance matrices in learning vector
quantization. Neural Computation, 21(12):3532–3561, 2009.

[9] J. Yang, R. Yan, and A. G. Hauptmann. Cross-domain video concept detection using
adaptive SVMs. In Proceedings of the 15th ACM International Conference on Multimedia
(MM ’07), pages 188–197. ACM, 2007.

134

ESANN 2017 proceedings, European Symposium on Artificial Neural Networks, Computational  Intelligence 
and Machine Learning.  Bruges (Belgium), 26-28 April 2017, i6doc.com publ., ISBN 978-287587039-1. 
Available from http://www.i6doc.com/en/.


	WednesdayAll
	ESANN2017-5_3
	ESANN2017-108_3
	ESANN2017-97_2
	ESANN2017-120_2
	ESANN2017-63_2
	ESANN2017-37_2
	ESANN2017-135_3
	ESANN2017-96_4
	ESANN2017-50_2
	ESANN2017-130_2
	ESANN2017-112_4
	ESANN2017-38_3
	ESANN2017-4_2
	ESANN2017-69_3
	ESANN2017-53_2
	ESANN2017-27_2
	ESANN2017-92_4
	ESANN2017-43_3
	ESANN2017-34_4
	Introduction
	Learning Framework
	LSTM
	CRF
	LSTM-CRF

	Experiments
	Event Capture and Annotation
	Classification Results

	Conclusion and Future Directions

	ESANN2017-8_2
	ESANN2017-57_3
	ESANN2017-54_2
	ESANN2017-70_3
	ESANN2017-11_4
	ESANN2017-71_2
	ESANN2017-117_2
	ESANN2017-42_3
	ESANN2017-123_2
	ESANN2017-2_1
	ESANN2017-67_4
	Introduction
	Relevance bounds for feature selection
	Efficient Realization by Linear Programming
	Experiments
	Conclusion

	ESANN2017-86_3
	ESANN2017-94_4

	ThursdayAll
	ESANN2017-1_3
	ESANN2017-103_4
	ESANN2017-83_6
	ESANN2017-74_2
	ESANN2017-136_4
	ESANN2017-131_6
	ESANN2017-149_6
	ESANN2017-116_4
	Introduction
	A sparse representation model for diffusive graph signals
	The dictionary learning algorithm
	Experiments
	Synthetic data
	Real-world data

	Conclusion

	ESANN2017-127_8
	ESANN2017-66_2
	ESANN2017-41_2
	ESANN2017-49_2
	ESANN2017-134_5
	ESANN2017-140_2
	ESANN2017-24_4
	ESANN2017-17_3
	Introduction
	Methodology
	Data collection
	Key phrase extraction

	Results
	Discussion

	Conclusions

	ESANN2017-77_2
	ESANN2017-95_3
	ESANN2017-47_3
	ESANN2017-89_2
	ESANN2017-65_2
	ESANN2017-80_3
	ESANN2017-141_3
	ESANN2017-12_7
	ESANN2017-10_4
	ESANN2017-98_7
	ESANN2017-113_2
	ESANN2017-32_2
	Confidence-weighted Learning of Linear Classifiers
	Spikes as Regularizers
	Neurophysiological motivation
	The algorithm

	Experiments
	Main experiments
	Practical Rademacher complexity

	Conclusion

	ESANN2017-55_3
	ESANN2017-44_4
	ESANN2017-3_1
	ESANN2017-93_2
	ESANN2017-25_3
	ESANN2017-138_2
	ESANN2017-22_3
	ESANN2017-31_2
	ESANN2017-72_4
	ESANN2017-73_3
	Introduction to the identification of non-recurrent events
	Threshold based incident detection
	Machine learning based incident detection
	Objectives of our approach

	A detection method based on clustering indicator
	The LDA-perplexity as state indicator
	Application of a threshold based incident filter

	Baseline incident detection methods
	Experiments on the french road network of Nantes
	Conclusion and perspectives


	FridayAll
	ESANN2017-23_2
	ESANN2017-45_2
	ESANN2017-133_2
	ESANN2017-152_2
	Introduction
	Latent Dirichlet allocation
	Extending LDA to capture temporal relations
	Methodology
	Conclusions

	ESANN2017-104_4
	ESANN2017-29_3
	ESANN2017-16_4
	Myoelectrical signal classification based on S transform and two-directional 2DPCA
	1 Introduction
	2 Methods
	2.1 S transform
	2.2 2D2PCA
	2.3 ST2D2PCA and performance evaluation

	3 Results
	3.1 Multi-Scale Muscle Activity Patterns
	3.2 Effect of total energy conserved
	3.3 Recognition of intended motions

	4 Conclusion


	ESANN2017-40_7
	ESANN2017-36_2
	ESANN2017-39_3
	ESANN2017-139_3
	ESANN2017-60_3
	ESANN2017-91_2
	ESANN2017-6_1
	ESANN2017-18_14
	ESANN2017-35_4
	ESANN2017-110_9
	ESANN2017-82_3
	ESANN2017-87_3
	ESANN2017-48_2
	ESANN2017-61_7
	ESANN2017-102_3
	ESANN2017-109_7
	ESANN2017-30_5
	ESANN2017-33_18
	ESANN2017-122_2
	ESANN2017-115_4
	ESANN2017-100_7
	ESANN2017-56_2
	ESANN2017-90_3

	proceedings2017Back


<<
  /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




