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Abstract |
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to improve results of subsequent

Automatic Audio Segmentation aims at extracting in-
formation onasong’s structure, i.e., segment bound-
aries, musical form and semantic labels like verse,
chorus, bridge etc. This information can be used to
create representative song excerpts or summaries,
to facilitate browsing in large music collections or

applications like, e.qg., query by humming.

This thesis features algorithms that extract both
segment boundaries and recurrent structures of ev-
eryday pop songs. Numerous experiments are car-
ried out to improve performance. For evaluation a
large corpus is used that comprises various musical
genres. The evaluation process itself is discussed

music processing in detail and a reasonable and versatile evaluation

system is presented and documented at length to

promote a common basis that makes future results

more comparable.
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22,050 Hz mono audio files
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Onset detection .....................

Beat synchronized feature extraction delivers better performance
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Featu re extrac‘non .....................

Feature sets used:

Spectrogram, Mel Frequency Cepstrum Coefficients (MFCC), Rhythm
Patterns (RP), Statistical Spectrum Descriptors (SSD) and Constant Q

Transform (CQT)
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Similarity values of each pair of feature [

vectors

Repeated segments are visible as bright

lines parallel to the main diagonal.

Similarity matrix of Chumbawamba: Thubthumping
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Peaks are regarded as
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segment boundaries.

Boundary detection for Chumbawamba: Thubthumping. X ticks indicate bounda-
ries from the ground truth. Non-distinct boundaries are in parenthesis.
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Musical form extraction
(Clustering)

1.) Means-of-frames

Segments are represented by
means of frame feature vectors.

means, k=4

2.) Voting

All frame feature vectors are
clustered. One segment’s
cluster is cluster where most
of its frames lie.

voting, k=6
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3.) Dynamic Time Warping

Uses temporal information and
allows for slight variation of

tempo.
dtw, k=4
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'Evaluation |

Corpus

The corpus contains 108 songs of various genres (dance, rock, pop, R&B, etc.). Experiments and pa-
rameter selection have been conducted on 93 songs, the final evaluation was carried out on 108 songs
which is the largest corpus used so far in Automatic Audio Segmentation studies.

(Michael Jackson, Madonna, The Beatles, The Roots, ABBA, Eminem, Shania Twain, Britney Spears, The Police, Cranberries, Faith No More, R.E.M., Portishead, Scooter, etc.)

Am b I g U Ity Michael _Jackson_-_ Black_Or_White
ground truth by Jouni Paulus et al.
Musical structure is ambiguous. Thus, itis not AEE CRCRN° CHEREME ]

trivial to evaluate algorithm outcome against | oround truth by Mark Levy st al.
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ground truth” annotations.

The right figure shows three songs each | Shema-Twain-_Youre Stil_The_One

ground truth by BEwald Peiszer

with two “ground truth” annotations that have |[gs c B c D C =
been carried out by two different subjects. | yiouns truth by douni Pauius etal

Note that the two segmentations of the same [ " - - ; L
song differ to a certain degree.

Gloria_Gayner-I_Will_Survive

ground truth by BEwald Peiszer
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| decided to carry out evaluation against two-

level hierarchical ground truth annotations.
ground truth by Mark Lewy et al.
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SegmXML

This newly introduced XML annotation file format can contain a two-level-hierarchy of segmentations, as
well as alternative labels for song segments. Various metadata information can be stored. Conversion
routines to and from an application specific format (\WWavesurfer) as well as a XML schema definition file
are provided to facilitate the possibleuse by fellow researchers.
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Boundary detection

The figure compares my evaluation results P R_F_
[PeiO7] to those of other studies. A small

corpus of 14 songs is used (except for the
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fourth column where my results for the full 08
corpus are visible). 0.85
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Note that there is no significant difference 07T % T
between the results of the 14 song corpus. 0.65
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My full corpus results, however, are worse
than those of the small 14 song set. This 055 |
shows that mean performance also depends 05 i
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on the underlying corpus. [RCAS08] [ANS+05] [ASRCO6] [Pei07] [Pei07]

(full corpus)

Musical form extraction 1| MFCCA40, k=4

X computedboundaries
The figure illustrates the mean performance using groundtruthboundaries
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different clustering approaches. Green circles in-
dicate results where the correct segment bound- o8k Lo
aries have been taken from the ground truth. = %
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It can be seen that the means-of-frames approach % %
produces the best results. Note that DTW ap- e
proach is very sensitive to correct boundaries.

0.5— ! '
means—of-frames voting DTW

'Conclusion |

Both boundary detection and musical form extraction are quite acceptable, yet improvable.

The algorithm, however, proved to be robust in a negative and positive sense: Many experiments con-
ducted with various parameter settings and heuristics applied did not lead to a statistically significant im-
provement of the mean performance.

On the other hand, cross validation and the performance on an independent test set did not show any de-
cline in performance either. Thus, the algorithm presented seems suitable to be applied to a wide range
of songs and genres.




