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Manipulation of temporal fine structures

on excitation source and spectral envelope of singing voices

and their effects on perceived impression

KAWAHARA HIDEKI® MORISE MASANORIZ'?)  NIsIMURA Ryuicar!'® IriNo TosHiol:d)

Abstract: Strong expressions such as “shout” and “death voice” are common in popular singing. However,
current singing synthesis systems are not good at handling these strong expressions and are not capable of
using them to expand their limit of expressiveness. This is the topic this article tries to address. A set of
singing voice analysis tests was conducted using our newly developed FO extraction method, which has high
temporal resolution and is light-weighted, and TANDEM-STRAIGHT for spectral envelope analyses. This
test revealed that expressive singing voices consist of high-speed frequency as well as amplitude modulations
in FO and spectral envelope respectively. In one typical case, about 20 dB higher modulation frequency
spectral peak was found around 70 Hz for expressive performance than that of normal performance. Prelim-
inary tests suggested that selective control of “expressiveness” can be implemented by manipulating these
high-speed modulations while preserving vocal register and effort intact.
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Fig. 1 Symmetry-based filter selection. Left plot illustrates
deviation from symmetry using green marker based on
the original half cycle (blue) and the mirror image of
the succeeding half cycle (red). This discrepancy is
converted to relevance index (ranging from 0 to 1) and
shown in the right bottom plot as a function of LPF
cut-off frequency. The right top plot shows fundamen-

tal frequencies derived from the filter outputs.
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Fig. 2 Symmetry-based filter selection for natural speech. The
material is a Japanese vowel sequence /aiueo/ spoken
by a male speaker. The horizontal axis represents cut-
off frequency of LPF and the front-back axis represents
time. The color mapped curved surface underneath rep-
resents the index of relevance. Red dots shows maxima
locations of each frame and the most relevant location
(cut-off frequency) is used to read the frequency value
of the filter output from the upper colored surface. The
left wall displays the values of maxima points and cor-
responding frequency values. The left most patch on

the floor shows the corresponding waveform.
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Fig. 3 Modulation power spectrum of differentiated fundamen-

tal frequency (represented in cent) for female singers.

Top: soprano and Bottom:Alto.
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Fig. 4 Modulation power spectrum of differentiated funda- Fig. 5 Modulation power spectrum of differentiated fundamen-

mental frequency (represented in cent) for male singers. tal frequency (represented in cent) for popular song

Top: tenor, Middle:baritone and Bottom:bass. singers (R&B). Top: male, Middle and Bottom:female.
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Fig. 6 Waveforms and FO trajectories of two singing expres-

sions. Upper plot shows waveform and lower plot shows
FO trajectory. Red lines: expressive performance and

Blue lines: plain performance.
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Fig. 7 FO trajectories and modulation power spectrum of two

singing expressions. Upper plot shows FO trajectory
and lower plot shows modulation frequency power spec-
trum. Red lines: expressive performance and Blue lines:

plain performance.
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Fig. 8 Spectral envelope variations due to expressions. Top:

expressive performance and Bottom: plain perfor-

mance.
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