
 Labeled Data
 30 second-snippets from 37 songs have been automatically extracted.
 All phonemes from this pieces have been manually labeled.
 The considered genre was popular music. 
 21 songs have been performed by male singers. 
 16 songs have been performed by female singers.
 Altogether 2244 phonemes have been manually labeled and can be 

used by the system.
 Only 15 voiced phonemes have been distinguished, because they are 
 significantly separable for lyrics synchronization.
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Introduction
 Motivation
 Phoneme detection in polyphonic music is an important
 prerequisite for lyrics synchronization for karaoke appli-
 cations or browsing in music catalogues.
 Phoneme detection might be furthermore used for the
 singing recognition in the polyphonic music.

 Challenges
 Finding voiced phonemes in popular music is an ambi-
 tious task due to interference with other instruments
 playing simultaneously.
 Vocal/Nonvocal detection is disregarded in this paper
 and borrowed from available technology.

 Statement of the problem
 The goal is to automatically identify the sung phonemes
 of the previously segmented music snippets.

  Multiresolution Short-Time 
Fourier Transformation has 
been performed in order 
to receive a high resolution 
spectral representation in 
short processing time.

  The fundamental fre-
quencies are detected 
based on [2] and the har-
monic structure is extrac-
ted thereafter.

  [3] Synthesized 20 parti-
als. Performed listening 
tests showed unsuitable 
performance for male sin-
gers. Therefore the num-
ber of partials is based on 
the fundamental frequen-
cy (if the frequency is lo-
wer, more partials extrac-
ted).

Harmonics
Analysis

Feature Extraction
and Classification 

 Feature Extraction
 A number of different common Low-Level features 

have been extracted.
 Used features are MFCC, LPC, PLP and Warped LPC.
 All feature vectors have been appended in order to 
 receive one large vector. 
 In order to reduce the dimensions and consecutively 

decorelating the features, the Linear Discriminant 
Analysis (LDA) has been performed. 

 Feature Classification
 All features have been performed by using different 
 classifiers.
 As classifiers, Gaussian Mixture Models (GMM), Sup-

port Vector Machines (SVM) and Multilayer Perceptron 
(MLP) have been tested.
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Table 1. Phonemes recognized in this system

Evaluation

Settings and Evaluation
Feature Extraction: 8 LPC, 8 WLPC, 8 PL and 13 MFCC features.
Windowing: Hamming, 46ms, 23ms overlap.
Feature Classification: GMM (4 mixtures), SVM (radial basis function),
MLP (1 layer,30 neurons) compared.
For decorrelation and dimension reduction, the LDA has been used 
(20 dimensions).
Evaluation: different songs in training and test set.
The harmonics have been extracted and synthesized from all 
phonemes and used for feature extraction. 
Half of the set have been used for training and the other half have been
used for comparing the classification performance. 

Mr. MoonMando Diao

DreamerOzzi Osbourne

She loves youThe Beatles

It’s automaticZoot Woman

Billy JeanMichael Jackson

TitleArtist

Table 2. Songs in the database

The result measures are precision (relevant data to all data), recall 
(ratio of found data to relevant data) and the value of correct classi-
fied instances (ratio between correct classified entities and all entities)

The value of the correct classified instances (CCI) showed best per-
formance by using Support Vector Machines (with harmonic 
extraction). 

The results between MLP and SVM are similar and GMM’s perform
slightly worse. 

There are significant differences between phoneme recognition results
if harmonics analysis is used as preprocessing and not. 

The average precision and recall are twice as high, if a previous 
harmonics analysis is performed. 

Results

Figure 3. Confusion 
matrix of each
phoneme using 
SVM classifi er

Table 3. Results of 
the classifi cation with 
and without previous 
harmonics extraction
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