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Objective: Develop an integrated system for the extraction of musical semantics from audio data.

Sheet Rendering

● Decide on time signature
● Quantize melody to eigth notes
● Apply pitch spelling algorithm
● Render sheet using LilyPond

Good evaluation results on sub-tasks,
good subjective quality

Caveat: unrealistic database,
synthesized Band in a Box files

Perspectives
● Better integration (dashed arrows)
● More realistic database

Accompanying website:
www.nue.tu-berlin.de/research/leadsheets
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Harmonic Analysis

HMM-based chord estimation
Features: beat-quantized chromagram
● Initial chord estimation (cyan)
● Measure grid estimation

Learned chord change probability 
depending on beat in measure
● Refined chord estimation (red)
(Ground-truth: yellow)

Key estimation

● Mean chord likelihood vector
● Key: max. of dot product with 
shifted major/minor templates

Harmonic Analysis

HMM-based chord estimation
Features: beat-quantized chromagram
● Initial chord estimation (cyan)
● Measure grid estimation

Learned chord change probability 
depending on beat in measure
● Refined chord estimation (red)
(Ground-truth: yellow)

Key estimation

● Mean chord likelihood vector
● Key: max. of dot product with 
shifted major/minor templates

beat

pi
tc

h 
cl

as
s

min

max

ch
an

g e
 p

ro
b

ab
ili

ty

beat in measure

Example: 8 beats / measure
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Melody Estimation
Leading instrument model

Note level layer
●  Explicit duration model

Fundamental frequency layer
●  Smooth F0 line

Main instrument layer
 

Filter part layer
●  Smooth filters 
●  Unconstrained evolution

Algorithm flow
● Parameter estimation, no temporal constraint
● Extracting pitch candidates from amplitude coefficients for source part
● Beam search strategy to infer note level states
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Beat Tracking

Onset detection function:
Spectral Flux

Tempo estimation

● Autocorrelation function
● Peak picking
● Period: max. of weighted inter-peak
distance histogram (asterisk)

Beat placement

● Compute Delta-Phase matrix
● Track most salient path (red)

Beat Tracking

Onset detection function:
Spectral Flux

Tempo estimation

● Autocorrelation function
● Peak picking
● Period: max. of weighted inter-peak
distance histogram (asterisk)

Beat placement

● Compute Delta-Phase matrix
● Track most salient path (red)

time

od
f

time

de
lta

- p
ha

se

min

max

ac
f

lag


	Folie 1

