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Managing Music Collections

® A |ot of music data available
Oe.g 60G of MP3 = |000 hr of audio, |5k tracks

® Management challenge |~ @
O how can computers help?

® Application scenarios
O personal music collection
O discovering new music
O “music placement”

1855 songs, 5.1 days, 7.90 GB
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Learning from Music

® \What can we infer from 1000 h of music!?

O Scatter of PCA(3:6) of 12x16 beatchroma
60

sounds, melodies, chords, form o
O what Is and what isn't music 4

30

20

® Data driven musicology? 1°

® Applications
O modeling/description/coding
O computer generated music
O curiosity..

o>
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The Big Picture

5| Low-level o ‘ |
features Classification browsing
and Similarity discovery

production

| Melody | ’
and notes ‘

Music ‘ |
audio K ‘ ‘
. > ey :
Music modeling

and chords
Structure generation
Discovery curiosity
| Tempo
and beat
.. so far X
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Music Information

® How to represent music audio!

® Audio features ;o (S S
o spectrogram, MFCCs, bases ¢, T |

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 Time

® Musical elements

0 v R
O notes, beats, chords, phrases %’FZ = =
O requires oy 14y oy

® Or something inbetween!
O optimized for a certain task!
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Transcription as Classification

® Exchange signal models for data
O transcription as pure classification problem:

feature vector

Training data and features:

*MIDI, multi-track recordings,
playback piano, & resampled audio
(less than 28 mins of train audio).

*Normalized magnitude STFT.

| |

T N T = N ]
Classification: w1
*N-binary SVMs (one for ea. note). AT A A T i (.
*Independent frame-level AT e T o
classification on 10 ms grid. T e R
*Dist. to class bndy as posterior. el i L L= L

B Time

Temporal Smoothing: —ee e T T
*Two state (on/off) independent
HMM for ea. note. Parameters
learned from training data.
*Find Viterbi sequence for ea. note. = - - _—

R L L L A e
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Polyphonic Transcription
® Real music excerpts + ground truth

Frame-level transcription
Estimate the fundamental frequency of all notes present on a 10 ms grid
1.25

1.00
0.75
0.50

0.25

0
Precision Recall Acc Etot Esubs Emiss Efa

Note-level transcription
Group frame-level predictions into note-level transcriptions by estimating onset/offset
1.25

.00 -
0.75
0.50

0.25

0
I_O b Precision Recall Ave.F-measure  Ave. Overlap
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Beat Tracking

® Goal: One feature vector per ‘beat’ (tatum)
O for tempo normalization, efficiency
“Onset Strength Envelope”
o sumf(maX(O dlfft(log 1X(z, HI)))
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0

10

time / sec 1°
® Autocorr. + wmdow — global tempo estimate

a0

| 68.5 BPMRoo 300 200 ' : : ' .
Lab
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Beat Tracking

® Dynamic Programming finds beat times {#;}

O optimizes 2; O(t) + o 2 W((ti+1 —ti — Tp)/B)
o where O(¢) Is onset strength envelope (local score)
W(t) is a log-Gaussian window (transition cost)
T, Is the default beat period per measured tempo
O incrementally find best predecessor at every time
o from largest final score to get beats

C*(t S o) =y 0 + (1—pmax{ W((t - T,)/B)C*(1)}
(?) i
OW o= e ax{ W((t - 5,)/B)C*(D)}
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Beat Tracking

® DP will bridge gaps (non-causal)

O there Is aIvvays a best path

Alanls Morissette - All I Want gap + beats

freq / Bark band
N W B
o (@] o

—
o
i

time / sec

® 2nd place in MIREX 2006 Beat Tracking

O compared to McKinney & Moelants human data

test 2 (Bragg) - McKinney + Moelants Subject data
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Chroma Features

® Chroma features convert spectral energy

into musical weights in a canonical octave
O Le. |2 semitone bins

Piano chromatic scale IF chroma

2 G 1 3 S T S 1 .- & B8 ! 1 ! ! 1 I 1 1
2 4 6 8 10 time / sec 100 200 300 400 500 600 700

time / frames
® Can resynthesize as “Shepard Tones”
O all octaves at once

0 12 Shepard tone spectra Shepard tone resynth

oM N 4
D0t e <
g2t ] 53
1o ) S 111 1 o N O N O O SRR g2
40 L A —
ol ‘ | ] 1=
-60 0 — o
0 1000 1500 2000 2500 freq/Hz 2 4 6 8 10 time/s
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Key Estimation

® Covariance of chroma reflects key
® Normalize by transposing for best fit

O

model of one piece

o find ML rotation
of other pieces

O model all
transposed pieces

O iterate until
convergence

Lab
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Chord Transcription

® “Real Books™ give chord transcriptions
O but no exact timing zThe Beatles - A Hard Day's Night

G Cadd9 G F6 G Cadd9 G F6 G C D G C9 G

G Cadd9 G F6 G Cadd9 G F6 G C D G C9 G

O .. just like speech transcripts n 52 5 G Bn C D G Caddd G F6 G Caddd

F6 GCDGC9GD
G C7 GF6 GC7 GF6 GCDGCY9 G Bm Em Bm
G Em C D

® Use EM to simultaneously
learn and align chord models

Model inventory Labelled training data
0
Oﬂé‘éﬁém“o |dh ax k ae t |
Qﬂ é O |sae taan |
e e fdhilax I kK Tae [ £ Uniform
Zg:gfgf’eig Oiir —— initialization
- [slae[ t [aa[ n | alignments

/> E-step: . dh ax k ae
probabilities  p(giXYOua) |/ > XX\

Repeat until | of unknowns '

convergence
\ maximize via O : max E[log p(X,0 | ©)]
parameters .l.
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Chord Transcription

Frame-level Accuracy

Fea ture R e C O g.. A I’gn m e nt BeatIsBeatIes For Sale - Eight Days a Week (4096pt)
" Il EREEEE
) S/ G 17
MFCC 8.7% 22.0% , o i 12
o S . illl!ﬁll :
PCP ROT| 21.7% 76.0% | -
— e n 80
random ~3%) & %
MFCCs are poor ( ) o il ;
(can overtrain)  PCPs better c ny
. . . “HQE““II gllll IIIIH i
(ROT helps generalization) Tl i W cne
A ||"|| 1 :
16.27 time2/‘1rs-gi:t
true JE JG JD le JG
align = S e e
recog }E G Bm }Am }Em7}Bm Em7

® Needed more training data...
Lab
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Music Similarity

® The most central problem...
O motivates extracting musical information
O supports real applications (playlists, discovery)

® But do we need content-based similarity?
O compete with collaborative filtering
O compete with fingerprinting + metadata

®non @ Last.fm Player

® Maybe ... for the Future of Music

Lab O connect listeners directly to musicians ¥
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Discriminative Classification

® Classification as a for similarity
® Distribution models...

Training

MEFCCs GMMs

ZL ] s —— —[KL]—»

< l
M —» Artist
o | l
2] b — —»[KL]—»
<
l |
Test Son
m—
vs. SVM
Traini ng
MEFCCs Song Features
| E— — -
i -
< | —» >
DAG SVM —+—» Artist
] E— -
a1 — >
< | —» -

LO b Test Song o,
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Segment-Level Features

® Statistics of spectra and envelope
define a point in feature space

O for SVM classification, or Euclidean similarity...
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MIREX’07 Results

® One system for similarity and classification

Audio Music Similarity

0.8

0.7 4

0.6 1

0.5

0.4+
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0.2

I GreaterO
[ Psum
014 [__IFine

’ [ 1WCsum
[ SDsum
I Greater1

PS GT LB CB1 TL1 ME TL2 CB2 CB3 BK1 PC BK2

PS = Pohle, Schnitzer; GT = George Tzane-
takis; LB = Barrington, Turnbull, Torres, Lanckriet;
CB = Christoph Bastuck; TL = Lidy, Rauber, Per-
tusa, Inesta; ME = Mandel, Ellis; BK = Bosteels,
Kerre; PC = Paradzinets, Chen

Lab

Audio Classification

80
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I Genre ID Hierarchical
104 [ Genre ID Raw
[_—IMood ID

[ IComposer ID

I Artist ID

T T T
IM ME KL CL GH

svm spec

IM = IMIRSEL M2K; ME = Mandel, Ellis; TL = Lidy,
Rauber, Pertusa, Inesta; GT = George Tzane-
takis; KL = Kyogu Lee; CL = Laurier, Herrera;
GH = Guaus, Herrera

ME TL
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Active-Learning Playlists

® SVMs are well suited to “active learning”
O solicit labels on items closest to current boundary

® Automatic player

4P Foammen Tl .. Clmand A ADDD _DEODDDE  AADEINADRDIDATI. Tt mnde Tosmm o dnmnsdn ‘-‘p
. h ¢¢ I e 99 306 Automatic Playlist Generator l
Wlt S <I P ;: Rate good on finish 00:00:30;,

— Ground truth 2'\ seed v L < play v X < pause )L repeat b, good L bad /,n

data collection

O active-SVIM

automatic playlist
generation

=

gabriel_peter / Secret_World_Live_Disk_1_ / Steam

john_elton / Here_There_-_Disc_ll_There_Live_at_Madison_Square

ea_zZeppelin_l sape | m G

b
0
paige_jennifer / Jennifer_Paige / Busted :
0
'
I

Il
ml

wWaccid uninn nt _cnulc Tho Sinnlac lat Mo Ro Tho MNne M
——————————— =) RIC b

R L L WU R LV R RCURLY W R i S R R ) B LV B LR L R U B Y B WY )

o>
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Cover Song Detection

“Cover Songs” = reinterpretation of a piece
O different instrumentation, character
O no match with “timbral’” features

Let [t Be - The Beatles Let It Be - Nick Cave

Let It Be / Beatles / verse 1 Let It Be / Nick Cave / verse 1

freq / kHz
w b
freq / kHz
N w £

6 8 10 time / sec

° Need a different representation!
O beat-synchronous chroma features

Beat -sync chroma features

--'-_'=

Beat-sync chroma features

=G - m @ G
£F L - gF
°D - m— °D
C q - - .- : C
A . . A
| a b 5 10 15 20 25 oo 5 10 15 20 25 . ok
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Beat-Synchronous Chroma Features

® Beat + / 30ms frames

— average chroma within each beat
O compact; sufficient!

10
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Music Audio Information - Ellis 2007-11-02 p. 22/42

and
Organ 1Spee-:h dA d

CorumsiA [JNIVERSITY
IN THE CITY OF NEW YORK



Matching: Global Correlation

® Cross-correlate entire beat-chroma matrices
O .. at all possible transpositions
O implicit of match quality and duration

Elliott Smith - Between the Bars
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° A Pla Bt Tkl |'”"li| Wl Tl e o ool 1 lIlII[IJ 1 € N e N B T i
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@ G | Himwn 'ﬁ" [IIII1 T I | R IFIZIfIIIIII
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g D ||‘ I 1m0 I i) I mmn | 1 I’I 11w 0 mrimmm n
% C I[l \ll\]\ LR |[|| LIRS L B ||"||||-F\| IIIH“II”III AL LENRR AR L IIIlIIIT
A
100 200 300 400 500 beats @276 BPM
I Cross-correlation
% +5 .
:.qé: I e
o or 1 —
2 N
—UYJ -5 1 1 1 ! ! 1
-500 -400 -300 -200 -100 0 100 200 300 400 gkew / beats

® One good matching fragment is sufficient...?

Lab X
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MIREX 06 Results

MIREX 06 Cover Song Results:
# Covers retrieved per song per system

® Cover song contest ; g
0 30 songs x | | : ‘
. 5
versions of each (!) :
© :
10
@11
. 2 12
O # true coversintop 10 (% ==
£ 15
O 8 systems compared ==
(4 cover song o=
C : " 20 —
+ 4 similarity) 2
2 e
® Found 761/3300 : 6
4
= 23% recall | — :
28 0
O next best: | 9% 29
' @) CS KL1 KL2 KW!_ !l(;/x;rsl_sl?em:P +
I_O b gu eSS- 3/) cover song systems  similarity sy
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Cross-Correlation Similarity

® Use cover-song approach to find
O e.g. similar note/instrumentation sequence
O may sound very similar to judges

® Numerous variants
O try on chroma (melody/harmony)

and MFCCs (timbre)

ittp://dawn.ee.columbia.edu:32 10 /main/listen v | = (|G|* Googl

SA AUD dpwe E4896 PineGrv photos lapnap RCwiki Spectrograms: Const

O try full search (xcorr)
or landmarks (indexable)

RosaTron

Query clip 3 of 30: C] Result clip 0: C] " not similar ¢ similar

O CO m pare -to ran d O m Result clip 1: ’!” not similar similar

) Result clip 2: \»/ " not similar ¢ similar

Result clip 3: C] "~ not similar ¢ similar

Segm e n-t— | eve | S-ta-ts Result clip 4: ® ™ not similar € similar

Result clip 5: C] ™ not similar € similar

. Result clip 6: ® " not similar ¢ similar
Eval u ate by te Sts Result clip 7: C] " not similar € similar

Result clip 8: ® " not similar £ similar

o modeled after MIREX similarity

Lab —_—
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Cross-Correlation Similarity

® Human web-based judgments
O binary judgments for speed
O 6 users x 30 queries x |0 candidate returns

Algorithm Similar count
(1) Xcorr, chroma 48/180 =27%
(2) Xcorr, MFCC 48/180 =27%
(3) Xcorr, combo 55/180 = 31%
(4) Xcorr, combo + tempo 34/180 = 19%
(5) Xcorr, combo at boundary | 49/180 =27%
(6) Baseline, MFCC 81/180 =45%
(7) Baseline, rhythmic 49/180 =27%
(8) Baseline, combo 88/180 = 49%
Random choice 1 22/180 = 12%
Random choice 2 28/180 = 16%

® (Cross-correlation inferior to baseline...

O ... but Is getting somewhere, even with landmark’

Lab X
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Cross-Correlation Similarity

® Results are not overwhelming
O .. but database Is only a few thousand clips

a8nf DXmhpf.html
[ i » | [ﬂl [ [ H + ] = file: /) fUsers fdpwe/projects/amistid famist 20/ clips | DX mhpf. himl O Coogle
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, | , -0,00 _ 0,00
S Breathing in fumes IFlying Where Life Begins Erotica | Wish U Heaven drgon Al
Dapeche Mode Beatles Madoning Madonn Pringe Bon mi
eseeche biode -0.00 -0.00 -0.00 -0.00 -0.00 it
- Bad Moon Rising M Pretend We r Daon t ook now Cry Baby Fashion Victim Shiver And !
Bad Moon Rising Crendence Clearwater Bevival I Cresdence Clearwater Revival Madomng Green Day Cure
Creedence Cleacaaner Bevival |9 90 Pﬁ =0.00 -0.00 =000 0,00
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“Anchor Space”

® Acoustic features describe each song
O .. but from a signal, not a perceptual, perspective
O .. and not the differences between songs

® Use genre classifiers to define new space
O prototype genres are “anchors”

. ~
n-dimensional
Anchor ‘ vector in "Anchor
C Space"
Feat | Anchor \
eature Pt classifier |~ P(a;1x)

—

~., | classifier . _
— p(a,lx) Computation

. N
Audio calculation P —_— _— GMM
e % B a,lx
Input —» é ‘ % Anchor P(a;lx) r Modeling \
(Class ) ﬁm - " Similarity

Audio caicuiation > GMM
Input — y Modeling
(Class j) mm > KL-d, EMD, etc.
Conversion to Anchorspace
‘ N B )
| . | ”
Conversion to Anchorspace +
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“Anchor Space”

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

raw features!
v, @ %

’ e madonna e madonna
bowie bowie
1 05 0 0.5 15 10 5
third cepstral coef Country

O properties in distributions! dynamics?

o

Electronica
o »

fifth cepstral coef

-
)]

RnBSoul

1] 5 10 +

I_O b i -ﬂénuftrv c
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‘Playola’ Similarity Browser

|| w ﬁ http:/ f/www.playola.org/index.php v

Lalk -
ROS

Laboratory for the Recogt
QOrganization of Speech &

RI3y/0l3  seerer: m—ETTRERETY

S W [
B

Baby You're a Rich Man Beatles 3:03
r by — AlthGrunge IR T
[ Blue Jay Way Beatles 3:56 CollegeRock (NN T
Country IR T
r Penny Lane Baatles |3:03 bancerock I
MetalNPunk IR
™ The Foaol on the Hill Beatles 3:00 Newwave IR
BT T T T T T T T T T TTT17
|_ I Am the Walrus Beatles 4:37 Rap
R.nESoul
I Flying Beatles 2:17 Singersongwriter
[~ Your Mother Should Know Beatles 2:29 SoftRodk
TradRock
[ Strawberry Flelds Forever Beatles 4:10 Female
HIFI

Similar Songs:

Similar Songs: (LD
Let It Be Beatles 0.00 :‘ *

All You Meed Is Love Geatles 3:52

1717

Yellow Submarine Beatles 2:40

All Together Mow Beatles 2:10
I— Hey Bulldog Beatles 3:11 Double Hockey Sticks Adam The Gimbel 0.06 :‘ *
I— it's All Too Much Beatles 6:25 - n Light in Your Eyes Blessid Union of Sou  0.06 ‘ *
— [ N P “ Maori Tranzas n.0o7 :‘

ABIA l JNIVERSITY
: CITY OF NEW YORK



Ground-truth data

® Hard to evaluate Playola’s ‘accuracy’
O user tests...
O ground truth?

On the run!

The evil store owner says Garrison can get between Rolling Stones,

® “M usicsee r” on | | ne The znd ABBA in 5 hops. You are on hop 1 (Rolling Stones, The!!

Chooge the artist most similar o

survey/game: ABBA

1. Creedence Clearwater Bevival

O ran for 9 months in 2002 2 Stevsart, Rod

3. Seger, Bob

o > | 000 users, 4 Hendri, Jimi

\ 5. Doors, The
> 20k judgments 6. Presie, Eivi
. 7. Clapton, Eric
O http://labrosa.ee.columbia.edu/ 8. Beatles, The

- D 9. Tumer, Tina
projects/musicsim/ 0. Big Star
' ’ a. Led Zeppelin
b. Dylan, Bob

Lab
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“Semantic Bases’

® Describe segment in human-relevant terms
O e.g. anchor space, but more so

® Need ground truth...

O what words to people use!

® MajorMiner

game:
© 400 users

o /500 unique tags
0 /0,000 taggings
02200 |0-sec clips used

® Train

Lab

| 066

Music Audio Information - Ellis

dpwe's score: 342

i New clip
Summary
i Change password

{  Admin
| Logout

I Leaders

Major Miner's music game

l;\(j—‘ /;‘ nﬁ tac @ hup:/ fgame.majorminer.com/ v =

Majormm

Summary

Your last 10 clips

(») at 1:10 in “Silver Inches" from Enya's album A Day Withowt Rain
Your tags:

L]
Someone else's tags

(») at 1:50 in "Ambition" from (Smog)'s album Supper
Your tags: coumtry,
Someone else's tags

\#) 3t 4:30 in “Life Form Ends" from The Future Sound of London's albu
Lifeforms Disc 2

Your tags: ambiemt, efectronic,

Someopne else's tags

'-','_'.\-' at 0:00 in “The Road" from Chicago's album Chicage if [Bonus Tracl
Your tags:
Someone else's tags

) at 2:20 in "Ether" from Geri Soriano-Lightwood /The Baldwin
Brothers's album Cooking with Lasers
Your tags: b
Someone else's tags
( _OLUMBIA | NIVERSITY
IN THE CITY OF NEW YORK



Music Structure Discovery

® Use the many examples to map out the

“ ” of music audio
O .. and hence defne the subset that IS MUSIC

u2
tina_turner
ing_stones
pink_floyd
metallica

m;
green_day
o] oks
dave_matt and
nce_clea ival
br ms
tles

® Problems
O alignment/registration of data
O factoring & abstraction
O separating parts!

Lab
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Eigenrhythms: Drum Pattern Space

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

* * * L 4
hihat + —
snare- | [ | | | [ | . | ]
bass |- | | | 1] n

1 2 3 4 5 6 7 8 9 t|me / sec

® FEigen-analysis (or ...) to capture variations?
O by analyzing lots of (MIDI) data, or from audio
® Applications
O music categorization
O “beat box' synthesis
O Insight

Lab
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Aligning the Data

® Need to align patterns prior to modeling...

Original drum pattern (train/hiphop/nEpisode)
* <+

<+
- | | | | I | -
C T T | T T | T T T T T .
1 2 3 4 5 6 7 8 9 t|me / sec
Autoco and peak periods

by inferring BPM & L

v Reference pattern (120 BPM)
normalizing TTTTTT
I |

Original pattern compressed 98—120 BPM
: . BEREREREREEREEEEREER RS
downbeat (shift): \[\l||\||l\|l\||l ![“.‘". A
correlate against I
‘mean’ template

Crosé-correlation with reference pattern

®
® ® ®

é

AAA

Extracted pattern

A [IIII

I_O b L1 1] ‘ +
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Labor; atoryfo rthe Flecognton and
QOrganization of Speech and Audio

CorumsiA [JNIVERSITY
IN THE CITY OF NEW YORK



Eigenrhythms (PCA)

Mean pattern Eigenrhythm 1
i ‘ ITili | I ] wf | 1711 1 i
SN ] SN |
BD | | | | | | | 1 BDY} | | | | | | |
Eigenrhythm 2 Eigenrhythm 3
HH | E | AR RN R 1]
SN t [ [ { SN} :
BD BD 0.1
Eigenrhythm 4 Eigenrhythm 5 0
] | | o '
SN + . SN ¢
BD t . BD I I :
0 50 100 1500 200 250 300 350 400 50 100 150 200 250 300 350 samples (@ 2
1 2 3 4 1 2 3 4 beats (@ 120

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

® Eigenrhythms both add and subtract
Lab
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Posirhythms (NMF)

Posirhythm 1 Posirhythm 2

HHE I 1 1 I | E ' I I

SN | | [ { SN

BD | | | | | | 1 BD | | | 1 | | [
Posirhythm 3 | Posirhythm 4 |

T wfTT T TIRITE I

SN | 1 SN}
BD | | | | | 1 BD} | | | | Um

Posirhythm 5 Posirhythm 6 0
HH I 1T 1 ] iy I I I o
SN 1 SN
BD | | { BD} -
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 samples (@ 2
1 2 3 4 1 2 3 4 beats (@ 120

® Nonnegative: only adds beat-weight
® Capturing some structure

Lab

Music Audio Information - Ellis 2007-11-02 p. 37/42

Laboratory for the Recognition and
QOrganization of Speech and Audio
CorumsiA [JNIVERSITY
IN THE CITY OF NEW YORK



Eigenrhythm BeatBox

® Resynthesize rhythms from eigen-space

806 || gengui
5 5 : 5 5
1 P |:| ........... 1 P 1) PR
S 5 -5 5
= 0 = = 0 = -5 0 = = 0 =
35 T
3 I
25
2
1.5
1 I
DS | 1 1 | | |
a0 100 150 200 250 300 350 400
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Melody Clustering

® Goal: Find ‘fragments’ that recur in melodies
O .. across large music database
O .. trade data for model sophistication

data extraction fragments clustering

{

Top
clusters

Training || Melody [ J| S5second | _ VQ

® Data sources
O prtch tracker, or MIDI training data

® Melody fragment representation
o DCT(1:20) - removes average, smoothes detall

Lab
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Melody Clustering

® Clusters match underlying contour:

Cluster13s Cluster134 Cluster138
80 85 90
85 1
75 a0 =,
I 801 4
70 75 | \
|
i 75 1
I
k] \ b f k]
E 65 (I ET0 | E
2 | Hd | 2
s ‘ i ! s
2 \ 2 3
g 60 H| 5 65 Y 5= |
= \ L = T 10 =z AL
| | i | %
T
55 50| 1 | |
! Ii 1 | &
‘ 1] o
50 5511 \
n 50 1
45 L L 50 L L 45 L L
10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 80 70 80 90 100 0 10 20 30 40 50 80 70 80 90 100
samples (Fs=20Hz) samples (Fs=20Hz) samples (Fs=20Hz)
80 T
‘ S . ° 1
ome Interesting s
75 (|
) |
| 1
‘I |
° |
o 70
]
e.g. Pink + Nsync .
G0
55 L 1
o 10 20 30 40 50 60 70 80 Eld 100
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Beat-Chroma Fragment Codebook

|dea: Find the very popular music fragments
O e.g. perfect cadence, rising meloay, .../

® (Clustering a large enough database should
reveal these
O but: registration of phrase boundaries, transposition

® Need to deal with really large datasets
O e.g. |O0k+ tracks, multiple landmarks in each
O but: Locality Sensitive Hashing === Py
can help - quickly finds‘most’ ~ ,\7;"\\\ R \\%Eé;\
points in a certain radius ot >§§<y‘,
® Experiments in progress...

\\é\x\&\%\\»\\

N RN \J

\EJNL R ASA
N

.

Lab
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Conclusions

—  Lowdevel Classification browsing
features and Similarity discovery
production
|, | Melody
and notes
Music
audio Key
| and chords Music modeling
Structure generation
Discovery curiosity
| Tempo
and beat
® | ots of data
+ noisy transcription
+ weak clustering
= musical insights!? ¥
Lab
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