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Sound Description

® Challenge: Indexing continuous content
o what are the equivalents of words and phrases!

® Perception:
O sounds as discrete events

® Goal: Dupllcate perceptual representatlon
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Music Signal Analysis

® A |ot of music data available ¢

o e.g 60G of MP3
~ | 000 hr of audio/ | 5k tracks

® What can we do with it?

o I1dentify implicit structure...
® Quality vs. quantity

o Speech recognition lesson: —

|Ox data, |/10th annotation, twice as useful

® Motivating Applications

o music search / browsing by similarity

O Insight INto music

X
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Musical Information Extraction

Anchor >| Similarity/
models recommend'n
N W
Semantc § _______ ! |:
bases 1 !
Music ol Melody [ J| Fragment - :
audio extraction clustering o
: Synthesis/
Drums N Eigen- E - _:_ > generation
extraction rhythms |- - -
Event Y
extraction '
® | ots of data
+ noisy transcription
+ weak clustering
: o ° ° ?
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Transcription as Classification

® Signal models typically used for transcription
O harmonic spectrum, superposition

® But ...trade domain knowledge for data
o transcription as pure classification problem:

—— ;("C0"|Audio)
Audio : — p("C#0"|Audio)
Trained — p("DO"‘Audlo)
classifier ——— p("D#0"|Audio)
3 p("E0"|Audio)
——— p("F0"|Audio)

o single N-way discrimination for “melody”
o per-note classifiers for polyphonic transcription
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Classifier Transcription Results

® Trained on MIDI

syntheses (32 songs)
o SMO SVM (Weka)

® Tested on MIREX set

o foresround/bg separation
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Chord Transcription

® Basic problem:
Recover chord sequence labels from audio
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o Fasier than note transcription ? <\j)»)
o More relevant to listener perception ¢

%
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EM HMM Re-Estimation

® Estimate ‘soft’ labels using current models
® Update model parameters from new labels
® Repeat until convergence to local maximum

Model inventory Labelled training data
NnoonoN
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Chord Sequence Data Sources

® All we need are the chord sequences
for our training examples
o Hal Leonard “Paperback Song Series”
- manually retyped for 20 songs:

( 1) 1) i« ) ' »)
Beatles for Sale”’,"Help”,“"Hard Day’'s Night
The Beatles - Hard Day's Night
g 5 # The Beatles - A Hard Day's Night
- #
D G Cadd9 G F6 G Cadd9 G F6 G C D G C9 G
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GC7GF6GC7GF6GCDGCY9 G Bm Em Bm
5 G Em C D
G Cadd9 G F6 G Cadd9 G F6 G C D G C9 G
C9 G Cadd9 Fadd9
1
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N - hand-align chords for 2 test examples +
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Chord Results

® Recognition weak, but forced-alignment OK

Frame-level Accuracy

Feature |Recognition| Alignment |
MFCC | 87% | 220% | -
PCP_ROT| 217% | 760% | i
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Eigenrhythms: Drum Pattern Space

® Pop songs built on repeating “drum loop”
O bass drum, snare, hi-hat
o small variations on a few basic patterns

* * * *

hihat .
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® FEigen-analysis (PCA) to capture variations!?
o by analyzing lots of (MIDI) data

® Applications
O muslic categorization

o '‘beat box' synthesis
Lab ! T
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Eigenrhythms

® Need 20+ Eigenvectors for good coverage
of 100 training patterns (1200 dims)

® Top patterns:
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Eigenrhythms for Classification

® Projections in Eigenspace / LDA space

PCA(1,2) projection (16% corr)

LDA(1,2) projection (33% corr)
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Music Similarity Browsing

® Musical information overload
o record companies filter/categorize music
O an automatic system would be less odious

® Connecting audio and preference
o map to a ‘semantic space’!
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Anchor Space

® Frame-by-frame high-level categorizations
Cepstral Features Anchor Space Features
O compare to

raw features!?
'
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Electronica

third cepstral coef Country
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‘Playola’ Similarity Browser

Get Playola Selections: you recently heard  [#4 FGo! |

-New Playlist-

I T song il [ ARSE I Wime [Rating T |

The Ballad of The Woodbury Muffin
B N Tahitha Duthrealk

The Woodbury Muffin

™~ hﬁ Monkey Dreams Outbreak

A Cold Dark Might The Woodbury Muffin
B E (Live) Duthrealk

The Woodbury Muffin
|- E Leo, The Ballad of Outbreak

> E Baby I Forgot To  The Woodbury Muffin
Tell You Outbreak
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Meeting Recordings

® Novel application for speech processing
o summarize & review content of meetings

® What really happens in meetings!?
o analysis of decision making, participant roles

® Multi-mic recordings for speaker turns

Lab ° &8 ad-hoc sensor setups (multiple PDAs) +
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Speaker Turns from Timing Diffs

® Fit Gaussians to each cluster,
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Browsing Meeting Recordings

® |nformation in patterns of speaker turns
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“Personal Audio”

® Easy to record everything you hear
o ~|00GB / year @ 64 kbps v

® Very hard to find anything e
o how to scan? Ly
o how to visualize? -
o how to index?
® Starting point: Collect data
o ~ 60 hours (8 days, ~/.5 hr/day)
o hand-mark |39 segments (26 min/seg avg.)
o assign to |16 classes (8 have multiple instances)
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Applications

® Automatic appointment-book history
o fills iIn when & where of movements

® “life statistics”
o how long did | spend In meetings this week vs. last
o most frequent conversations
o favorite phrases?!!

® Retrieving details
o what exactly did | promise?
O privacy Issues..

® Nostalgia?
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Features for Long Recordings

® Feature frames = (not 25 ms!)
® (Characterize variation within each frame...

Average Linear Ener

Deviation

Z|HJ@MHL}}LJMMMHH

Normallzed Energ

i lﬂ b -I-h--l.l.,L.uL' hmlmm*

Average Log Ener

(i e i HHMI

Average Spectral Entro

v 'In!." w1118

el |

o and structure within coarse audfzory bands
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Segment clustering

® Diaily activity has lots of repetition:

Automatically cluster similar segments
o ‘affinity’ of segments as KL2 distances
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Spectral Clustering

® FEigenanalysis of affinity matrix: A = UeSeV’

Affinity Matrlx
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Clustering Results

® Clustering of automatic segments gives
‘anonymous classes’

o BIC criterion to choose number of clusters

Audia
Segments [Librhryl | [Campus|Billiards |Bowling |[Karaoke|Car/Taxi
Streed CampuiBilliards Bowling Restaurant
Supejrrrﬁﬂﬂaurant Billiards Bowling
Restaurpiar /Taxi Eowling
GdTruth [Campiis [[Billiards |Restaurant [Karoke |[Car/Taxi
Library Street
Street Car/Taxi
Street
2003-09-07 ——/—m—o—{p—erm—"—"+—r-r—o—1r—r-r—r—/—rr—r—+—r—r 7 —r—T— 7T — 7T T T T

0a:00 049:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00

® Frame-level scoring gives ~70% correct

g © errors when same ‘place’ has multiple ambiences £k
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Privacy

® Recordings affront expectations of privacy
o critical barrier to progress
® Technical solutions? Speech Scrambling

o scramble 200ms segs of speech (long term OK)
o high-confidence speaker |ID to bypass

Original (dan+kean-ex.wav)
N 4 : p B
X
g |
£2§ 20
| i 0
0l i -20
N Scrambled (200ms wins over 1s) 40 ,.A',,.!J,."g.
x| g -60
O i ! |
g ol | level / dB
0 AL kil ‘“ ‘Dl“" i Al R T ) “"f'\" [l il e il i '\:" W  |1‘: ] :I" R T R Dl *
0 2 4 6 8 10 12 14 time/s
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Visualization and Browsing

® Visualization /
browsing /

diary inference

o link In other
information sources

- diary
- emall

® NoteTaker interface:

o “what was | hearing?”

Lab

08:00+
08:30
09:00]
09:30
10:00
10:30
11:00
11:30
12:00
12:30
13:00
15:50
14:00]
1430
15:00]
15:30
16:00
16:30
17:00
17:301

18:00

2004-039-13 2004-03-14

pre schdol

cafe

preschaol

lecture ||Ron

office

D5P0O3

CAMt

group

meetingManue|

Mike

Arroyo? '

office ||Lesser

Sambar‘taE;

Searching/Describing Audio - Dan Ellis

Laboratory for the Recognition and
Organization of Speech and Audio

2005-05-23 - 28/30

CorumBIa [JNIVERSITY
IN THE CITY OF NEW YORK



Personal Audio: Current Work

® Voice segment detection / identification
o poor and variable SNR
o channel variation

® Novelty detection
o segments that don't cluster against archive

® Spatial information
o identifying relative motion of head/sources
o ..for motion detection
o ..for source separation
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Lab Summary
® LabROSA

o signal processing
+ machine learning
+ Information extraction
® Applications
o Music: Transcription, Recommendation
o Speech: Recognition, Organization
o) : Detection, Description

® Also...
o signal separation, compression, dolphins...
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