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Music Data

Various interpretations — Beethoven'’s Fifth

Bernstein >
Karajan >
Scherbakov (piano) >
MIDI (piano) »>|

General Goals

= Automated organization of complex and
inhomogeneous music collections

= Generation of annotations and cross-links

= Tools and methods for multimodal
search, navigation and interaction

Music Information Retrieval (MIR)

Music Synchronization: Audio-Audio

Beethoven’s Fifth
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Music Synchronization: Audio-Audio

Beethoven's Fifth
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Synchronization: Karajan — Scherbakov %]

Music Synchronization: Audio-Audio

Feature extraction: chroma features
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Music Synchronization: Audio-Audio Music Synchronization: Audio-Audio
Cost matrix Cost-minimizing warping path
1 1
0.9 0.9
08 08
0.7 0.7
E 06 é 06
S 0.5 S 05
] (]
x 0.4 x 0.4
0.3 03
0.2 0.2
0.1 0.1
2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20 0
Scherbakov Scherbakov
9 10
System: SyncPlayer/AudioSwitcher Music Synchronization: MIDI-Audio
B8] ]| [ piugin: Audioswicher (Version 0.12, Buil: Fi Dec 15 15:01:51 CET 2008): ol xi
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— — Beethoven_op067_1_symphony_5_karajan_22050_mono.wav 02:54.95 \ \ \ \ \X I ' I I Z///
) iBullhmmwﬂWJ_W’"l‘m"yj_klnmjnﬁﬂ_mnno.ww 02:58.05 C -
__ Boothoven_op067_.1_symphory_5,isz_piano_scherbakov. 22050_monawav 025475 —g — *,_ *_w * w__ S » |
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Music Synchronization: MIDI-Audio

MIDI = metadata
Automated annotation

Audio recording

LI 3

Sonification of annotations

Music Synchronization: Scan-Audio
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Music Synchronization: Scan-Audio

Scanned Sheet Music

Correspondence
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Audio Recording 15

Music Synchronization: Scan-Audio

Symbolic Note Events

Scanned Sheet Music
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Correspondence

Audio Recording

Music Synchronization: Scan-Audio

Scanned Sheet Music Symbolic Note Events
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Correspondence

Audio Recording 17

Music Synchronization: Scan-Audio
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System: SyncPlayer/SheetMusic

SONATE

Music Synchronization: Lyrics-Audio

Ich triumte von bunten Blumen, so wie sie wohl blithen im Mai
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Difficult task!
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Music Synchronization: Lyrics-Audio Music Synchronization
Lyrics-Audio — Lyrics-MIDI + MIDI-Audio = Turetsky/Ellis (ISMIR 2003)
= Soulez/Rodet/Schwarz (ISMIR 2003)
P R "‘/Bl 1 l I {’"' pliben fm _ Mat = Aifi/Clausen/Kurth/Miiller (ISMIR 2003)
] _ = Hu/Dannenberg/Tzanetakis (WASPAA 2003)
_——  — = «  Miller/Kurth/Réder (ISMIR 2004)
- = Raphael (ISMIR 2004)
NN [ Do (94 2009
oAF—T - ‘ ‘ : ; : ; — = Muller/Mattes/Kurth (ISMIR 2006)
o LI = Dannenberg /Raphael (Special Issue ACM 2006)
ol ‘ | L3 = Fujihara/Goto (ICASSP 2008)
BT " 12 1 14 s 16 7 1 = Wang/Iskandar/New/Shenoy (IEEE T-ASLP 2008)
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Audio Structure Analysis Audio Structure Analysis
Given: CD recording Self-similarity matrix
A; Ay By Ba C Az Bs Bs4D
Goal: Automatic extraction of the repetitive structure —
(or of the musical form)
Example: Brahms Hungarian Dance No. 5 (Ormandy)
L I . > L
Al AQ B] B2 C AS B.'i B4
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Audio Structure Analysis

Self-similarity matrix

Ai A2 Bi B C Az Bs BsD

Audio Structure Analysis

Self-similarity matrix

Ai A2 Bi B C Az Bs BsD
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Audio Structure Analysis Audio Structure Analysis
Self-similarity matrix Self-similarity matrix
Ar A> By B C Az Bs B4D Ay Ay Bi B C Az Bz B4D
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Audio Structure Analysis Audio Structure Analysis
Self-similarity matrix Self-similarity matrix
Ar Ay Bi B (¢} Bs BsD Ay As Ba C Az Bz B4D
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Audio Structure Analysis

Self-similarity matrix

A1 A By B C Az Bz B4D
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Audio Structure Analysis

Self-similarity matrix

A1 A2 By B C Az Bz B4D

Similarity cluster
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Audio Structure Analysis

Path extraction
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Audio Structure Analysis

Path extraction
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Audio Structure Analysis

Path extraction
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Audio Structure Analysis

Path extraction
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Audio Structure Analysis

Path extraction

Audio Structure Analysis

Path extraction
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Audio Structure Analysis Audio Structure Analysis
Path extraction Path extraction
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Audio Structure Analysis Audio Structure Analysis
Path extraction Global structure
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50 100 150 200
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Audio Structure Analysis

Global structure
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Audio Structure Analysis

Global structure
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Audio Structure Analysis System: SyncPlayer/AudioStructure
= Dannenberg/Hu (ISMIR 2002) [ B =t
Brahms_hungarian_dances_05_ormandy_22050_mono.way
= Peeters/Burthe/Rodet (ISMIR 2002) W peused 00:55.92 0 e
= Cooper/Foote (ISMIR 2002) = §
« Goto (ICASSP 2003) oren | | s || piay | | sospuan | | st
*  Chai/Vercoe (ACM Multimedia 2003) e j:@m — unerstatoml
- Lu/Wang/Zhang (ACM Multimedia 2004) [[Piugin: Audio Structure Plugin (Version 0.3, Build:F I8 (=] B3] | [P ugin: Audio Structure Plugin (Version 0.3, BuildsF# o [=] 3
File File
= Bartsch/Wakefield (IEEE Trans. Multimedia 2005) 0190.00 vz [ 020000 030000 |
= Goto (IEEE Trans. Audio 2006)
* Miller/Kurth (EURASIP 2007)
g ' g
< Dl@lelp] [« DEREE
Host Time; 00:55.92 Host Time; 00:55.92
45 46
Music Information Retrieval Multimodal Computing and Interaction
= Music Synchronization
= Audio Structure Analysis
= Audio Matching Music
]
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Multimodal Computing and Interaction

Sheet Music (Image) MIDI CD / MP3 (Audio)

03]
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Multimodal Computing and Interaction

Sheet Music (Image) MIDI CD / MP3 (Audio)

Singing / Voice (Audio)

MusicXML (Text)

Music Literature (Text)

|
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Multimodal Computing and Interaction Motion Capture Data
Sheet Music (Image) MIDI CD / MP3 (Audio)
T - Digital 3D
NE==t representations of

= motions
MusieXML (Text) = Computer animation

MUSIC = Sports

= Gait analysis
Music Literature (Text) Music Film (Video) Dance / Motion (Mocap)
lg\/
52

51

Motion Capture Data

headtop
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Motion Capture Data
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Motion Retrieval

= ‘D = MoCap database

?
= ()= query motion clip D @

= Goal: find all motion

clips in D similar to ()
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Motion Retrieval
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Notion of Similarity

= Numerical similarity
vs. logical similarity

= Logically related
motions may exhibit
significant spatio-
temporal variations
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Relational Features
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Relational Features
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Relational Features

Induced feature sequence:

()5 () () () () (9) (1) (2> (1) (3)
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Relational Features
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Motion Retrieval
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Relational Features

= Spatio-temporal invariance
= Indexing
= Efficient retrieval & preselection

= Problem: feature design & selection
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Motion Templates
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Motion Templates
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Motion Templates
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Motion Templates

Motion Templates
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MT-based Motion Retrieval MT-based Motion Retrieval: Jumping Jack
03 WISy
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MT-based Motion Retrieval: Jumping Jack MT-based Motion Retrieval: Elbow-To-Knee
03 WA, 03 B
!
72

7




MT-based Motion Retrieval:

Elbow-To-Knee

MT-based Motion Retrieval

Threshold t=0.02
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MT-based Motion Retrieval Conclusions
Threshold t=0.06 = Automated data organization
(g ? £ /ﬁ] = Exploiting multimodality
(s\ % ﬁ\ S = Synchronization
g ﬁ‘ [5\ ‘} 5 rg 9i = Handling object deformations
= Indexing and efficiency
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Conclusions
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Mdiller, Meinard

Information Retrieval for Music and Motion
2007, XVI. 318 pages

136 illus. 39 in Color, Hardcover

ISBN: 978-3-540-74047-6
www.springer.com/978-3-540-74047-6/
69,50 EUR
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