“Which Line Is it Anyway”:
Clustering for Staff Line Removal in
Optical Music Recognition
Sam Vinitsky
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Optical Music Recognition: An Overview

Allemanda

<!
<part id="P1">

<system-margins>
<left-margin>150</left-margin>
<right-margin>0</right-margin>
</system-margins>
<top-system-distance>300</top-system-distance>
</system-layout>
<measure-numbering>system</measure-numbering>
</print>
<attributes>
<divisions>24</divisions>
<key>
<fifths>-3</fifths>
<mode>major</mode>
</key>
<time>
<beats>3</beats>
<beat-type>4</beat-type>
</time>
<clef>
<sign>G</sign>
<line>2</line>
</clef>
</attributes>

<rest/>
<duration>24</duration>
<voice>1</voice>
<type>quarter</type>
</note>
<note default-x="196">
<pitch>
<step>B</step>
<alter>-1</alter>
<octave>4</octave>
</pitch>
<duration>24</duration>
<voice>1</voice>
<type>quarter</type>
<stem default-y="-55.5">down</stem>
</note>
<note default-x="256">
<pitch>




Sheet Music Primer
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Sheet Music Primer: Staff Lines
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Back to Optical Music Recognition...
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Applications of OMR; Handwritten Music

Allemanda




Pipeline

Optical Music Recognition




Optical Music Recognition: Pipeline
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Find and remove staff lines



Optical Music Recognition: Pipeline
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Find and remove staff lines
Find symbols



Optical Music Recognition: Pipeline
1. Find and remove staff lines

2. Find symbols
| :ggh é_ﬁ LT3 7] 3. Determine type of each symbol

ir

1 = note

2 = treble clef
3 = sharp

4 = sharp

5 = three

6 = note




Optical Music Recognition: Pipeline

Find and remove staff lines

Find symbols

Determine type of each symbol

Determine how symbols relate to each other
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1 = note (G4)

2 = treble clef  (first clef)

3 = sharp (key sig with 4)

4 = sharp (key sig with 3)

5 = three (triplet for 6 8 11)
6 = note (E5, triplet 5)




Optical Music Recognition: Pipeline

Find and remove staff lines

Find symbols

Determine type of each symbol
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Optical Music Recognition: Pipeline

1. *** Find and remove staff lines ***

2. Find symbols
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Staff Line Removal: Overview

Input: original score image Output: staffless image




Reminder: Hough Transform...




Staff “Line” Removal...
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Staff “Line” Removal...
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Staff “Line” Removal...




Staff “Line” Removal...




Staff Line Removal: Algorithms

Handcrafted:
- Run-length [Carter & Bacon ‘92]
- Shortest Path [Cardoso et al. ‘08]

- Ete... [see Dalitz et al. ‘08]
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- Classification of pixels [Calvo-Zarogoza et al. ‘16]
- Deep learning on image
- Convolutional Neural Networks [Calvo-Zarogoza et al. ‘17]

- Generative Adversarial Networks [Bhunia et al. ‘18]



Staff Line Removal: Algorithms

Handcrafted:
- Run-length [Carter & Bacon ‘92]
- Shortest Path [Cardoso et al. ‘08]
- Ete... [see Dalitz et al. ‘08]

Supervised Machine Learning: (State of the Art)

- Classification of pixels [Calvo-Zarogoza et al. ‘16]
- Deep learning on image
- Convolutional Neural Networks [Calvo-Zarogoza et al. ‘17]
- Generative Adversarial Networks [Bhunia et al. ‘18]

Unsupervised Machine Learning:

- Clustering of pixels [Vinitsky ‘18]



Staff Line Removal via Pixel Clustering

Algorithm: (Vinitsky ‘18)

1. Convert each black pixel into a feature vector

Image modified from http://sli.ics.uci.edu/Classes-CS178-Notes/LinearClassify




Staff Line Removal via Pixel Clustering

Image source: Calvo-Zaragova et al., ‘16



Staff Line Removal via Pixel Clustering
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1. Convert each black pixel into a feature vector
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Staff Line Removal via Pixel Clustering

Algorithm: (Vinitsky ‘18)

1. Convert each black pixel into a feature vector
2. “Cluster” the feature vectors into two groups

Image modified from http://sli.ics.uci.edu/Classes-CS178-Notes/LinearClassify




Staff Line Removal via Pixel Clustering

Algorithm: (Vinitsky ‘18)

1. Convert each black pixel into a feature vector
2. “Cluster” the feature vectors into two groups
3. Figure out which cluster is “staff” and which is “non-staff”

Image modified from http://sli.ics.uci.edu/Classes-CS178-Notes/LinearClassify




Staff Line Removal: Results

Results

1 B F1-Typeset

B F1 - Handwritten

* = implemented Algorithm
** = original algorithm




Staff Line Removal: Results

Clustering output Ground truth staff-less




Staff Line Removal: Results

Clustering output

Ground truth staff-less




Future Work

Clustering for Staff LLine Removal:

- Other clustering methods
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Clustering for Staff LLine Removal:
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- White pixels can be staff (due to noise)



Future Work

Clustering for Staff LLine Removal:

Other clustering methods

Better feature vectors

Picking the “staff” cluster

White pixels can be staff (due to noise)

Optical Music Recognition:

- The rest of the pipeline...
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