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A Method for Concurrently Estimating FO0
and Vowel Phoneme of Singing Voice in Polyphonic Music

HiroMASA FuJiHARA,TH2 Masataka Gorof!
and HirosHl G. OKUNO?

A novel method is described that can be used to concurrently recognize the
fundamental frequency (FO) and vowel phoneme of a singing voice (vocal) in
polyphonic music. This method can be considered as a new framework for
recognizing a singing voice in polyphonic music because it is designed to con-
currently recognize other elements of a singing voice including singer’s name
and gender, though this paper focuses on the FO and vowel phoneme. Our
method stochastically models a mixture of a singing voice and other instru-
mental sounds without segregating the singing voice. It can also estimate a
reliable spectral envelope by estimating it from the harmonic structure of many
voices with various F0s. The experimental results of FO and phoneme recogni-
tion with 10 popular-music songs by 6 singers showed that our method improves
the recognition accuracy by 3.7 points for FO estimation and 6.2 points for the
phoneme recognition.
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Fig.1 Generation process of the observed spectrum. The probability values are indicated by the
darkness. Note that the SIR can be controlled by the gain parameters, g, and g,,.
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Fig.3 Summary of generation process of the probabilistic spectral template.
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Fig.4 Overview of phoneme estimation process.
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Fig.5 Example of parameter estimation of the mixture of experts (MoE), where t represents the

number of iteration. The middle line represents the mean of the MoE and the two thin lines
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monic components of the training data. A product of each Gaussian and its weight of the
gating functions, ¥, N (f; fm,02,), are drawn at the bottom.
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Table 1 Songs used in the experiments and their characteristics of ground-truth FOs.

oo~ oo oo oooooo O00OHzO0 | O00O0O0HzD | 000O0OHzD | 000DOHzO
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No.7 O E 14,745 416.9 76.5 237.2 608.0
No.18 ] E 12,898 424.6 93.3 218.7 706.6
No.14 O F 8,238 336.7 64.9 201.7 502.5
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Table 2 Experimental conditions for proposed method.
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Table 3 Experimental conditions for baseline method.
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Table 4 Experimental results for concurrent estimation of phonemes and FO (%). T represents a

song of which the accuracy is improved by our method.
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00 * | 00 | 0o | 0OODO | Fooo | 0000 | Fooo
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No.9 O B 47.5 65.5 43.4 43.3
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oo 55.0 71.6 61.21 75.31
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Table 5 Experimental results for phoneme estimation (%). 1 represents a song of which the
accuracy is improved by our method.
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