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Enhancement of Esophageal Speech Using
Statistical Voice Conversion

HironoRI Dor, ! Kerco NakaMURA, ! ToMok1 Topa, !
HIROSHI SARUWATARI ! and KIYOHIRO SHIKANOT!

This paper proposes a novel method of enhancing esophageal speech based
on statistical voice conversion. Esophageal speech is one of the speaking meth-
ods for total laryngectomees to speak by generating sound excitations at their
esophagus. Although esophageal speech is the major method in Japan, the
generated voices sound unnatural. To improve naturalness of the esophageal
speech, we propose a conversion method from esophageal speech to normal
speech (ES-to-Speech) using a statistical voice conversion technique. Spec-
tral features and excitation features, such as Fj and aperiodic components, of
the normal speech are independently estimated from the spectral features of
the esophageal speech based on the maximum likelihood criterion. The effec-
tiveness of ES-to-Speech is evaluated by conducting objective and subjective
experiments to demonstrate that the proposed method yields significant im-
provements in naturalness of esophageal speech while keeping its intelligibility.
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Fig.1 Air flows from lungs in non-laryngectomees (left) and total laryngectomees (right).
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Fig.2 An example of waveforms, spectrograms and Fj counters of both esophageal and normal
speech.
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Table 1 Estimation accuracy of Fy

Input Feature Correlation Voiced/Unvoiced Error [%)]
Spectrum 0.68 8.36 (V — U :4.30,U — V :4.05)
Spectrum & Fy 0.68 8.39 (V — U :4.35,U — V :4.04)

I:l Static and dynamic features
Number of input frames for segment features: EJ +2 - t4 - t8 @ +16

Mel-cepstrum distortion [dB]

short long semi | nasal liquid‘ \% UV‘ ‘ \% uv ‘ affri- average
-cate

‘ vowel plosive fricative |

Phonemic categories

03 000ooo0oooooooooooooooooooooV?0Ooooo«“Uv?oooooog
Fig.3 Estimation accuracy of mel-cepstrum without power information in each phoneme category.
The notation “V” denotes voiced phonemes, and “UV” denotes unvoiced phonemes.
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Fig.4 Mean opinion score on intelligibility.
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Fig.5 Mean opinion score on naturalness.
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