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Music Similarity

® Goal: Computer predicts listeners’
judgments of music similarity
O e.g. for playlists, — —

new music discovery N
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® Conventional approach

O statistical models of broad spectrum (MFCCs)
® FEvaluation?

o MIREX: 2004 onwards

O proxy tasks: Genre classification, artist ID ...

N O direct evaluation: subjects rate systems' hits
a
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Which is more similar?

® “Wiaiting in Vain”
by Bob Marley & the Wailers

freq / kHz
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Waiting in Vain - Annie Le
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time / sec

® Different kinds of similarity
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Chroma Features

® Chroma features map spectral energy
into one canonical octave
O le. |2 semitone bins

Piano chromatic scale

IF chroma

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

Shepard tone resynth
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Beat-Synchronous Chroma Features

® Beat +

— average chroma within each beat
O compact; sufficient!
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Lab

Cross Correlation

® (Cross-correlate entire beat-feature matrices
O ... Including all transpositions (for chroma)

O implicit of match quality and duration
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® One good matching fragment is sufficient...2 .
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Filtered Cross-Correlation

® Raw correlation not as important as precise

local match
O looking for large contrast at | beat skew

O I.e. high-pass filter

Cross-correlation
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Boundary Detection

® |f we had landmarks, no need to correlate
O save time - LSH implementation

® Use single Gaussian model likelihood ratio
to find point of greatest contrast

Come Together - The Beatles - localchange3(48 beat window) + top10
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Correlation Matching System

® Based on cover song detection system

® Chroma and/or MFCC features

O chroma for melodic/harmonic matching
o MFCCs for for spectral/instrumental matching

—| Beat tracking Refelr_ence
clip
database
Mel-frequency
. — | Spectral analysis Y A A
MCU/%C (MEO%CS) | Per-beat R Feature N Whole-clip | Returned
.| averagin n - i ;
query Instantaneous- ging normalizatio cross-correlation clips
— | frequency

Chroma features
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Experiments

® Subject data collected by listening tests
O |0 different algorithms/variants
O binary similarity judgments
O 6 subjects x 30 queries = |80 trials per algorithm
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Query clip 3 of 30: ®)  Result clip 0: ) " notsimilar ¢ similar
' Result clip 1: ® " not similar ¢ similar

Result clip 2: ) " not similar ¢ similar
¢ Result clip 3: ) " not similar ¢ similar ‘l
I Result clip 4: ) " not similar ¢ similar
E Result clip S:'T-E!;:' " not similar ¢ similar :
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s _Rate | ' .y
Correlation Music Similarity - Ellis, Cotton, Mandel 2008-04-03 - [0/15
x

CorumsiA [JNIVERSITY
IN THE CITY OF NEW YORK



Baseline System

® From Mandel & Ellis MIREX'07
O |0 sec clips (from 8764 track uspop2002)
O spectral and temporal paths

40 band Mel spectrum MFCCs MFCC Mean & Covariance
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Results

® Traditional (baseline) system does best:

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 better than
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Examples - Baseline
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Examples - Xcorr Chroma
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Conclusions and Future Work

® Music similarity is complicated
O no single, simple, signal-processing model
® Cross-correlation can detect ‘covers’
O or similar melodic-harmonic content
O how common is this in practice?

® Future work
O finding common 8-24 beat ‘fragments’
O better analysis of song structure

Google “matlab cover songs”
Lab
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