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Book: Fundamentals of Music Processing
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Piano Roll Representation Player Piano (1900)
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Goal:  Find all occurrences of the query
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Music Retrieval
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Beethoven, Symphony No. 5:
 Bernstein (1962) 
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 Haydn Symphony No. 94
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Music Synchronization: Audio-Audio

Beethoven’s Fifth
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Application: Interpretation Switcher
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How to make the data comparable?
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Image Processing: Optical Music Recognition
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Audio Processing: Fourier Analyse

Image Processing: Optical Music Recognition

Application: Score Viewer Why is Music Processing Challenging?

Chopin, Mazurka Op. 63 No. 3 Example:
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Why is Music Processing Challenging?

 Waveform / Spectrogram

 Performance
– Tempo
– Dynamics
– Note deviations
– Sustain pedal
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Why is Music Processing Challenging?

 Waveform / Spectrogram

 Performance
– Tempo
– Dynamics
– Note deviations
– Sustain pedal

 Polyphony

Chopin, Mazurka Op. 63 No. 3 Example:

Main Melody

Accompaniment
Additional melody line

Source Separation

 Decomposition of audio stream into different sound sources

 Central task in digital signal processing 

 “Cocktail party effect”

 Sources are often assumed to be statistically independent

 This is often not the case in music

Strategy: Exploit additional information (e.g. musical score) 
to support the seperation process 

Score-Informed Source Separation
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Approximate spectrogram using a parametric model
exploiting availablity of score information

Goal:
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 Temporal synchronization
 Tuning estimation
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Activity parameters updated
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 Partial energy distribution
 Resonance body properties 
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Model after three iterations

Score-Informed Source Separation

Note: Each note specified by the score parameterizes 
a portion of the spectrogram
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Score-Informed Source Separation

Experimental results
for separating left and
right hands for piano
recordings:

Composer Piece Database Results

L      R     Eq Org

Bach BWV 875, Prelude SMD

Chopin Op. 28, No. 15 SMD

Chopin Op. 64, No. 1 European Archive
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Audio Mosaicing

Jonathan Driedger, PhD 2016



Audio Mosaicing

Source: BeesTarget: Beatles–Let it be

Audio Mosaic: Let it Bee

Audio Mosaicing
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Non-negative matrix factorization (NMF)

Proposed audio mosaicing approach
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Core idea: support the development of sparse diagonal activation structures

Activation matrix

Iterative updates

Preserve 
temporal context
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Audio Mosaicing
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Activation matrix Repetition-restricted
activation matrix

Neighborhood
constraints

Polyphony-restricted
activation matrix

Column
constraints

Continuity-enhanced
activation matrix

Diagonal 
smoothing

 Constraints are enforced by additional update rules
 Additional rules are interleaved with standard NMF update rules
 Soft alternative to NMFD

Audio Mosaicing

Source: WhalesTarget: Chic–Good times

Audio Mosaic

Audio Mosaicing

Source: Race carTarget: Adele–Rolling in the Deep

Audio Mosaic

Beat Tracking

Time (seconds)

Example:      Queen – Another One Bites The Dust

Basic task:  “Tapping the foot when listening to music’’
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Beat Tracking

Example:      Queen – Another One Bites The Dust

Basic task:  “Tapping the foot when listening to music’’
Example:      Happy Birthday to you

Pulse level:  Measure

Beat Tracking



Example:      Happy Birthday to you

Pulse level:  Tactus (beat)

Beat Tracking

Example:      Happy Birthday to you

Pulse level:  Tatum (temporal atom)

Beat Tracking

Example:      Chopin – Mazurka Op. 68-3

Pulse level: Quarter note

Tempo:          ???

Beat Tracking

Example:      Chopin – Mazurka Op. 68-3

Pulse level: Quarter note

Tempo:          50-200 BPM
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Beat Tracking

Beat Tracking

 Which temporal level?

 Local tempo deviations

 Sparse information
(e.g., only note onsets available)

 Vague information
(e.g., extracted note onsets corrupt)
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Beat Tracking

1. Spectrogram
Steps:

Spectrogram

Time (seconds)



Beat Tracking

1. Spectrogram
2. Log Compression

Steps:
Compressed Spectrogram
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1. Spectrogram
2. Log Compression
3. Differentiation
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Beat Tracking

1. Spectrogram
2. Log Compression
3. Differentiation
4. Accumulation

Steps:

Novelty Curve
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Beat Tracking

1. Spectrogram
2. Log Compression
3. Differentiation
4. Accumulation
5. Normalization
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Beat Tracking
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Predominant Local Pulse (PLP)
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Beat Tracking

Light effects

Music recommendation

DJ

Audio editing



Motivic Similarity

Beethoven’s Fifth (1st Mov.)

Motivic Similarity

Beethoven’s Fifth (1st Mov.)

Beethoven’s Fifth (3rd Mov.)

Motivic Similarity

Beethoven’s Fifth (1st Mov.)

Beethoven’s Fifth (3rd Mov.)

Beethoven’s Appassionata

Motivic Similarity

Fêtes - Variations on Happy Birthday

 American composer

 Russian father, Chinese mother

 Kirchner, Stockhausen, Boulez

Ivan Tcherepnin (1943 – 1998)

Fêtes - Variations on Happy Birthday
Ivan Tcherepnin (1943 – 1998)

Prof. Elaine Chew, QMUL
Researcher and pianist
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Ivan Tcherepnin (1943 – 1998)

Researcher and pianist
Prof. Elaine Chew, QMUL
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Motivic Transformations: Inverse Motivic Transformations: Stretto
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Motivic Transformations: Inverse in Stretto Motivic Transformations: Inverse in Stretto

Motivic Transformations: Original Motivic Transformations: Augmentation

Motivic Transformations: Diminution Motivic Transformations: Diminution



Motivic Transformations: Diminution Motivic Similarity
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