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1 O li /C ib i M A % f MFD (7 i t t )1. Outline/Contributions
Analysis of music signals for the extraction of effective descriptors
for automatic classification.

 Processing/analysis of music signals with nonlinear methods:
 Fractal theory
 AM‐FMmodel
 Introduction of new descriptors based on Bag‐of‐Words models.
 Experimental evaluation in applications such as:
 Recognition ofmusical instruments.
 Recognition of different genres of music.
 Study of the AM‐FM model for salient event detection and audio

summary creation.
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5. Musical Instruments

Higher D for small scales. 
More fragmented. 
 Increased value of 

D(s = 1). 

Example of Average MFDs on Attack
of 7 instruments

HMMHMMGMM

Weights
MFD=0.2 
MFCC=0.8

Mean Accuracy % for  MFD  (7 instruments)

Timbre (instrument specific quality): Quality of 
sound that distinguishes two sounds of the same pitch, loudness 
and duration; thus associated with the identification of 
environmental sound sources.

Extension of the proposed ideas on multimodal data.
Development of a systematic saliency movie database.

 Clear distinction of D 
among some of the  
instruments. 

N=5 M=3N=3 M=3

Mean Accuracy % for AM-FM (12 instruments)

2. Motivation
 The power and the role of music in human life from ancient times

(Pythagoras, Plato, Aristotle) until today.
Music’s use in entertainment, advertising, cinema, therapy,

teaching, work, cultural heritage, etc.
 The amount of digital music and multimedia data in general.

1) Classification with MFD
 Error  Rate Reduction (ERR) up to 32%.

2) Classification with AM‐FM
 ERR up to 38% (AM‐FM only).
 ERR up to 60% for 7 instruments (AM‐FM fused with MFCC).
ERR t 56% f 12 i t t (AM FM f d ith MFCC)

Conclusions: 

Weights
AMFM=0.5
MFCC=1.0 

6. Musical Genres

3. Multiscale Fractal Dimension (MFD):

Quantifies the multiscale complexity of the waveform, i.e., the
degree of its fragmentation.

 Fractal Dimension D
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Feature Vectors

Feature Extraction: Frame‐based
Frame Duration: Short or Long
Frame Advance: Short

Base
Feature

Vectors

1. Temporal derivatives
2. Concatenation of short‐time 
frames followed by PCA

Proposed

Features 

Music

Signal

Algorithm: based on 
multiscale nonlinear 
operators of morphological 
filtering that creates 
geometrical covers around 

Most widely used term for the description of 
music; however fuzzy since the boundaries of 
the various genres are unclear.
Main method for organizing databases, music 

Genre:

 ERR up to 56% for 12 instruments (AM‐FM fused with MFCC).
3) Iterative‐ESA: Possible estimation of the harmonic content of a tone.

Proposed Features Overview

Classification Approaches

Bb Clarinet A3
Steady State

M
F

D

1) Robust AM‐FM Representations: can capture important 
aspects of music, such as micro‐changes of its structure 
(e.g., melody, rhythm etc).

1) “Music” filterbank
 Error Rate Reduction (ERR) up to 28%.

2) Macro‐structure Representations based on the concatenated 
short‐time frames
 Classification Complexity Reduction: simper statistical 
models, compact descriptors, shorter training durations. Accuracy results (%) using  

Short term

• Gabor Filterbank
•Music Filterbank
Long term

• Extraction using        
125‐200 ms frames

• Concatenation of 
many 30 ms frames

Bag‐of‐Words 

Representations

Hidden
Markov
Models
(HMM)

Support
Vector

Machines
(SVM)

the graph of the signal.

Bb Clarinet  A3 Steady state (solid 
line) and its dilations (red lines) & 
erosions (blue lines) at scales 
s = 25, 75, with D = 1.1.

TIME (ms)

MFD featuresMFD profile

Conclusions: 

g g
stores, music collections etc. 
 Recognition problem with great complexity.

Publications
Journals:
 A. Zlatintsi and P. Maragos. Multiscale Fractal Analysis of Musical Instrument Signals with 
Application to Recognition. IEEE Trans. on Audio, Speech, and Language Process., Vol. 21(4), pp. 737‐
748, Apr. 2013.
 G. Evangelopoulos, A. Zlatintsi, A. Potamianos, P. Maragos, K. Rapantzikos, G. Skoumas and Y. 
Avrithis. Multimodal Saliency and Fusion for Movie Summarization Based on Aural, Visual, and 
Textual Attention. IEEE Trans. on Multimedia, Vol. 15(7), pp. 1553‐1568, Nov. 2013.

7. Audio Summarization

System Overview
bottom-up processing

SCALE (ms)
p p g

 ERR up to 22%.
3) Bag‐of‐Words Representations
 Compact representations/reduced computational complexity.
 ERR up to 16% (accuracy 83.6%).

HMMs for the four best feature 
sets (proposed  feat. only or 
combined with MFCC for N = 5 
states) and for MFCC (N = 7 
states) and M = [1,16] mixtures.

Accuracy
Results

4. Amplitude & Frequency Modulation (AM-FM)

TIME (ms)

We model each resonance component of music signals as an 
amplitude and frequency modulated sinusoid (AM‐FM signal), 
and the whole signal as a sum of such AM‐FM components.

instantaneous 
amplitude

phase

AM‐FM model:
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Audio Stream from

the developed
“MovSum” Database

Modulation Features:
Energy, Amplitude

Input Audio

Feature
Conferences:
 A. Zlatintsi and P. Maragos. AM‐FM Modulation Features for Music Instrument Signal Analysis 
and Recognition. In Proc. European Signal Process. Conf. (EUSIPCO−12), Bucharest, Romania, 
Aug. 2012. 
A. Zlatintsi, P. Maragos, A. Potamianos and G. Evangelopoulos. A Saliency‐ Based Approach to 
Audio Event Detection and Summarization. In Proc. European Signal Process. Conf. (EUSIPCO−12), 
Bucharest, Romania, Aug. 2012. 
 A. Zlatintsi and P. Maragos. Musical Instruments Signal Analysis and Recognition Using Fractal 
Features. In Proc. European Signal Process. Conf. (EUSIPCO−11), Barcelona, Spain, Aug.‐Sep. 2011. 
N. Malandrakis and A. Potamianos and G. Evangelopoulos and A. Zlatintsi. A Supervised 
Approach to Movie Emotion Tracking. In Proc. Int’l Conf. on Acoustics, Speech and Signal Process. 
(ICASSP−11), pp. 2376‐ 2379, Prague, Czech Republic, May 2011. 
 G. Evangelopoulos, A. Zlatintsi, G. Skoumas, K. Rapantzikos, A. Potamianos, P. Maragos and Y. 
Avrithis. Video Event Detection and Summarization Using Audio, Visual and Text Saliency. In 
Proc. Int’l Conf. Acoustics, Speech and Signal Process. (ICASSP−09), Taipei, Taiwan, Apr. 2009. 
 D. Spachos, A. Zlatintsi, V. Moschou, P. Antonopoulos, E. Benetos, M. Kotti, K. Tzimouli, C. 
Kotropoulos, N. Nikolaidis, P. Maragos and I. Pitas. MUSCLE Movie Database: A Multimodal 
Corpus With Rich Annotation For Dialogue And Saliency Detection. In Proc. Int’l Conf. on Language 
Resources and Evaluation (LREC−08), Marrakech, Morocco, May 2008. 
 G Evangelopoulos K Rapantzikos A Potamianos P Maragos A Zlatintsi and Y Avrithis Movie

Summary Evaluation for various Fusions
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Energy Separation Algorithm (ESA):
estimates the instantaneous amplitude and frequency.

2[ ]      ( / )x x xx x dx dt     Teager Energy Operator:

Gabor‐ESA:
combination of the continuous time ESA and Gabor filtering

of the signal (smoother instantaneous estimates)
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segment
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Audio 
Segmentation

In our case: Manually
(VAD-like algorithms 

for automatic segmentation)
Audio 

Summary

Audio Events

1D binary curve
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Audio
Markers

Audio Saliency

Extraction

Fusion

Summarization Algorithm

Acknowledgments
This research has been co‐financed by the European Union (European Social Fund – ESF) and
Greek national funds through the Operational Program ʺEducation and Lifelong Learningʺ of the
National Strategic Reference Framework (NSRF) ‐ Research Funding Program: Heracleitus II.
Investing in knowledge society through the European Social Fund.

More information please contact: [nzlat,maragos]@cs.ntua.gr

 G. Evangelopoulos, K. Rapantzikos, A. Potamianos, P. Maragos, A. Zlatintsi and Y. Avrithis. Movie 
Summarization Based on Audiovisual Saliency Detection. In Proc. Int’l Conf’. on Image Processing 
(ICIP−08), San Diego, CA, U.S.A., pages 2528‐2531, Oct. 2008.

Percentage of Summarization

P
re

ci
si

o
n

 R
es

u
lt

s

and for Global Normalization

Modulation Features:

Mean Inst. Amplitude

Mean Inst. Frequency

Freq. Modulation Percentage

2

2

( )
[ ( ) ( )] ( ) *

( )
                        ( ( ) ( )) ( )*

dg t
s t g t s t

dt

d g t
s t g t s t

dt

      
 

   
 
Gabor Filterbank

Gabor 
impulse 
response

input signal



<<
  /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


