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Abstract Voice conversion is a technique for converting specific information in speech while maintaining the other
information, such as linguistic information. This technique has been applied to various tasks, for example, there
are speaker conversion, emotion conversion and speaking assistance, etc. The GMM-based method is conventional
VC method and widely used. In noisy environments, the GMM-based method cannot convert the speech well,
because this method cannot model the noisy signal well. Therefore, we have been researched about a noise-robust
VC method using Non Negative Matrix Factorization (NMF). In this paper, we propose a multimodal VC method
that improves the noise robustness of our previous exemplar-based VC method. Furthermore, we introduce the
combination weight between audio and visual features and formulate a new cost function in order to estimate the
audio-visual exemplars. By using the joint audio-visual features as source features, the VC performance is improved
compared to a previous audio-input exemplar-based VC method. The effectiveness of this method was confirmed
by comparing it with that of the conventional audio input NMF-based method and the conventional GMM-based

method.
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consonant 1.477 1.676

mct WEANEZED d RTHDRBMTH S, £ 2 DFHED,

T, BELHICEHBEE ANZEBREEHEDOADFEFIZLEART
Bl loTWwWa., 7, EEOADEHRTIIRE OREHEN T
FOWHEME D KE WD, EfE ANZEAR T T FOREM
DHPRELR>TWVWS., ZHRFEOADERTIISHILLT
LE->TWETHERSZ, HEZMARALI LIZE->THi-T
WBHEDEEEZILNS.

5. &b Y IC

AT, TNFETREL TE 7 NMF 12380 FEA ML
BNV, W%ﬁ@%%%bt.:ﬂﬂib,ﬁﬁ%@@&%
FAWZ ML D 3 X S ITHES I 21T 5 T AR
2 ) BHUEE DA B L7z RHERERZ T, EROKEINE T
& T FEZHGE R E R RO A2 W2 NMF &0 6 &
WIETAMTESL Z &R Uz, 61T, EF LEEORE

CICHAREAT DI LIZL D, BUZHGE ANZLE
DEHERVWEAHIEREZRT LN TER. £/, YOMFRET
CBWTHAREFENHITH D Z LD bh ol 51
DEBGFREETOILEY, LOBEOHWERFRONUR %
HTWL.

X [

[1] Y. Stylianou, O. Cappe, and E. Moilines, “Continuous
probabilistic transform for voice conversion,” IEEE Trans.
Speech and Audio Processing, vol.6, no.2, pp.131-142, 1998.

[2] A. Kain and M.W. Macon,
text-to-speech synthesis,”
1998.

[3] C.Veaux and X. Robet, “Intonation conversion from neutral
to expressive speech,” in Interspeech, pp.2765-2768, 2011.

[4] R. Aihara, R. Takashima, T. Takiguchi, and Y. Ariki,
“GMM-based emotional voice conversion using spectrum

“Spectral voice conversion for
in ICASSP, vol., pp.285—288,

and prosody features,” American Journal of Signal Process-
ing, vol.2, no.5, pp.134-138, 2012.

[5] K. Nakamura, T. Toda, H. Saruwatari, and K. Shikano,
“Speaking-aid systems using GMM-based voice conver-
sion for electrolaryngeal speech,” Speech Communication,
vol.54, no.1, pp.134-146, 2012.

[6] R.Takashima, T. Takiguchi, and Y. Ariki, “Exemplar-based
voice conversion in noisy environment,” in SL'T, pp.313-317,
2012.

-92-

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

K. Masaka, R. Aihara, T. Takiguchi, and Y. Ariki, “Mu-
timodal voice conversion using non-negative matrix factor-
ization in noisy environments,” in ICASSP 2014, pp.1561—
1565, 2014.

T. Toda, A. Black, and K. Tokuda,
on maximum likelihood estimation of spectral parameter

“Voice conversion based

trajectory,” IEEE Trans. Audio, Speech, Lang. Process.,
vol.15, no.8, pp.2222-2235, 2007.

E. Helander, T. Virtanen, J. Nurminen, and M. Gabbouj,
“Voice conversion using partial least squares regression,”
IEEE Trans. Audio, Speech, Lang. Process., vol. 18, Issue:5,
pp.912-921, 2010.

C.H. Lee and C.H. Wu, “Map-based adaptation for speech
conversion using adaptation data selection and non-parallel
training,” in Interspeech, pp.2254-2257, 2006.

T. Toda, Y. Ohtani, and K. Shikano,
sion based on Gaussian mixture model,” in Interspeech,
pp.2446-2449, 2006.

D. Saito, K. Yamamoto,
“One-to-many voice conversion based on tensor represen-
tation of speaker space,” in Interspeech, pp.653-656, 2011.
J.F. Gemmeke and T. Virtanen, “Noise robust exemplar-
based connected digit recognition,” in ICASSP, pp.4546—
4549, 2010.

D.D. Lee and H.S. Seung, “Algorithms for non-negative ma-

“Eigenvoice conver-

N. Minematsu, and K. Hirose,

trix factorization,” Neural Information Processing System,
pp-556-562, 2001.

Y. Komai, N. Yang, T. Takiguchi, and Y. Ariki, “Robust
aam-based audio-visual speech recognition against face di-
rection changes,” ACM Multimedia, pp.1161-1164, 2012.
E. Bateson, G. Munhall, M. Hirayama, Y. Lee, and D. Ter-
zopoulos, The Dynamics of Audiovisual Behavior in Speech,
Springer Berlin Heidelberg, 1996.

WEER, “BHENATICL2HBNRERBEOSNS LG
R, BIEHEEYS, pp.7-12, 2002.

N. Kitaoka, T. Yamada, S. Tsuge, C. Miyajima, K. Ya-
mamoto, T. Nishiura, M. Nakayama, Y. Denda, M. Fuji-
moto, T. Takiguchi, S. Tamura, S. Matsuda, T. Ogawa, S.
Kuroiwa, K. Takeda, and S. Nakamura, “CENSREC-1-C:
An evaluation framework for voice activity detection under
noisy environments,” Acoustical Science and Technology,
Vol. 30 (2009), No. 5, pp.363-371, 2009.

”




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /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 (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing false
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice



 
 
    
   HistoryItem_V1
   AddNumbers
        
     範囲:   1ページから  ページ 6
     フォント: Times-Roman 10.5 ポイント
     オリジナル: 中央下
     オフセット: 横方向 0.00 ポイント, 縦方向 36.28 ポイント
     前置文字列: - 
     後置文字列:  -
     レジストレーションカラーを使用: いいえ
      

        
     1
     0
      -
     BC
     - 
     1
     87
     TR
     1
     0
     751
     361
    
     0
     1
     10.5000
            
                
         Both
         1
         SubDoc
         6
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     0.0000
     36.2835
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     0
     6
     5
     6
      

   1
  

 HistoryList_V1
 qi2base



