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Summary: A beat-synchronous chroma representation enables the matching of cover versions of 
 popular music using global cross-correlation across time- and transposition-skew. 
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Changes for 2007

System Overview

• “covers80” is our development set of 80 pairs of pop-music cover 
songs drawn from uspop2002 and other sources.

• MFCCs, Chroma features, etc. are available for download at
http://labrosa.ee.columbia.edu/projects/coversongs/covers80/

• MIREX Cover Song evaluation has 330 covers among 1000 tracks.

• Cover Songs are alternative performances that frequently change 
genre, tempo, instrumentation, etc.

• We strive for a representation of music audio largely invariant to 
such changes by:
- beat-tracking to the dominant tempo
- storing 12-dimensional chroma feature vectors, one per beat 

• This beat-chroma representation is compared between songs by 
cross-correlating entire songs (after normalization). All 12 
possible transpositions are tested.

• Normalization involves amplitude compression and high-pass 
filtering along time to emphasize changes and downweight 
sustained pitches.

• Whole-song correlation can find only one best relative alignment, 
but we often find that even a small region of alignment leads to a 
clear peak value.  It is implemented efficiently as a single FFT. 

• Examining the pointwise product of the beat-chroma matrices at 
their optimal alignment reveals which chroma and time bins are 
most responsible for the correlation score (green blobs in bottom 
left figure).

• We modified our 2006 Cover Song system [1] as follows: 
• Previously, we normalized each cross-correlation by the length of 

the shorter song to bound the maximum result. 
Removing normalization improved results.

• High-pass filtering to emphasize locally-optimal skews used to be 
performed after cross-correlation; we now high-pass the 
beat-chroma before correlation, and optimized the filter. 

• Our beat tracker includes a tempo bias towards a particular range.  
Before, we aimed for around 240 BPM to get a denser 
representation.  Reducing to 120 BPM improved performance. 

• Sometimes original and cover are beat-tracked at different metrical 
levels.  Beat tracking twice, at 120 and 240 BPM, then choosing 
the best out of the 2x2 comparisons, fixed most of these. 

Results
• The modifications led to an 

overall 59% relative 
improvement over the 2006 on 
both covers80 accuracy and 
MIREX top-10 count.

• Examination of the full 
confusion matrix reveals 
certain ‘preferred’ decoy 
matches (I Don’t Like 
Mondays/Tori Amos) – to be 
investigated.

• Our system ranked 2nd of 8 in 
the 2007 MIREX evaluation, 
with a Mean AP of 0.330, 
compared to 0.521 for the best 
system (Serrá & Gómez).
Their system also uses chroma, 
but aligns tracks by Dynamic 
Time Warping.  We believe our 
correlation approach allows 
much faster comparisons. 

for ISMIR'07 MIREX • 2007-09-17 dpwe@ee.columbia.edu

[1] D. Ellis and G. Poliner, “Identifying Cover Songs With Chroma Features and 
Dynamic Programming Beat Tracking, Proc. ICASSP-07 Hawai'i, pp. IV-1429-1432. 

MATLAB code to run this system is available at: 
http://labrosa.ee.columbia.edu/projects/coversongs/

“covers80” results Correct
MIREX 06 baseline 34/80 = 42.5%
Without cross-corr norm 41/80 = 51.3%
Improved high-pass filtering 46/80 = 57.5%
Tempo bias = 120 BPM 48/80 = 60.0%
Dual tempo levels 54/80 = 67.5%

A_Whiter_Shade_Of_Pale/annie_lennox
Abracadabra/steve_miller_band

Addicted_To_Love/robert_palmer
All_Along_The_Watchtower/bob_dylan

All_Tomorrow_s_Parties/japan
America/paul_simon

Before_You_Accuse_Me/creedence_clearwater_revival
Between_The_Bars/elliott_smith

Blue_Collar_Man/reo_speedwagon
Caroline_No/beach_boys

Cecilia/paul_simon
Claudette/everly_brother

Cocaine/eric_clapton
Come_Together/aerosmith

Day_Tripper/beatle
Don_t_Let_It_Bring_You_Down/annie_lennox

Downtown_Lights/annie_lennox
Enjoy_The_Silence/depeche_mode

Faith/george_michael
God_Only_Knows/beach_boys

Gold_Dust_Woman/fleetwood_mac
Grand_Illusion/reo_speedwagon

Happiness_is_a_Warm_Gun/beatle
Heart_Of_Gold/neil_young

Hush/deep_purpl
I_Can_t_Get_Next_To_You/annie_lennox

I_Can_t_Get_No_Satisfaction/britney_spear
I_Don_t_Like_Mondays/boomtown_rat

I_Don_t_Want_To_Miss_A_Thing/aerosmith
I_Love_You/celine_dion

I_m_Losing_You/cheap_tric
I_m_Not_In_Love/10cc

It_s_Tricky/bloodhound_gang
Lady/reo_speedwagon

Let_It_Be/beatle
Little_Wing/corrs

Lodi/creedence_clearwater_revival
Love_Hurts/hear

Maggie_s_Farm/bob_dylan
More_Than_Words/extreme

My_Generation/green_day
My_Heart_Will_Go_On/celine_dion

Never_Let_Me_Down_Again/depeche_mode
New_Age/tori_amos

Night_Time_Is_The_Right_Time/aretha_franklin
No_Woman_No_Cry/bob_marle

Oh_Pretty_Woman/al_green
Ooby_Dooby/creedence_clearwater_revival
Proud_Mary/creedence_clearwater_revival

Purple_Rain/leann_rimes
Rattlesnakes/lloyd_cole_and_the_commotions

Real_Men/joe_jackson
Red_Red_Wine/neil_diamond

River_Deep_Mountain_High/celine_dion
September_Gurls/bangles

She_Came_In_Through_The_Bathroom_Window/beatle
Something_So_Right/annie_lennox

Stone_Cold_Crazy/metallic
Straight_From_The_Heart/bonnie_tyler

Strange_Little_Girl/strangler
Street_Fighting_Man/rage_against_the_machine

Summer_of_69/bryan_adams
Summertime_Blues/alan_jackson

Take_Me_To_The_River/al_green
Take_On_Me/a_ha

The_Boxer/paul_simon
Thin_Line_Between_Love_And_Hate/annie_lennox

Time/tom_waits
Tomorrow_Never_Knows/beatle

Toys_In_The_Attic/aerosmith
Train_In_Vain/annie_lennox

Tush/nazaret
Waiting_In_Vain/annie_lennox

Walk_This_Way/aerosmith
Walking_After_Midnight/bryan_adams

We_Can_Work_It_Out/beatle
What_s_Going_On/cyndi_lauper

White_Room/cream
Wish_You_Were_Here/pink_floyd

Yesterday/beatle
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MIREX 2007 Friedman Test Results

(our system)


