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Phantom Skeleton Method

Abstract: An auditory model of pitch perception has been proposed to explain the perception of sound
pitch. For decades, a significant debate has raged between the temporal theory, which asserts the temporal
periodicity of sound as crucial, and the frequency theory (place theory), which is grounded in the sensory
organs that detect harmonic components. In this study, we attempted to generate experimental voices to
study voice pitch perception. A voice analysis synthesis vocoder, WORLD, was modified to generate a multi-
layer dynamic band noise voice with a spectrum extracted from ordinary speech and driven by white noise.
This noise has no periodicity, but a dynamic band noise with a harmonic structure-like spectrum. In the
evaluation experiment, we used singing voices as materials. We prepared (1) a simple resynthesized voice, (2)
a pseudo-whispering voice with noise-vocoded spectral envelope, (3) a multilayered dynamic band noise voice
with the harmonic structure preserved, and (4) a multilayered dynamic band noise voice based on singing
voices transposed by a constant multiplication of the fundamental frequency. Subsequently, we conducted
auditory experiments with the aim of confirming whether pitch perception is influenced by the concentration
of energy in the harmonic structure.
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xR 1 FEBREHLKEDOEA T — & (M: Male, F: Female)
Table 1 Material songs for Experiment (M: Male, F: Female)

No. Singer Key Song
M1 jvs046 low 24 A
M2 jvs086 low W=
M3 jvs042 mid SXEXL D
M4 jvs080 mid Fe03E7
M5 jvs009 high HDHAD
M6 jvs099 high DITHNITD
F1 jvs017 low SBHXE
F2 jvs039 low biuio+
F3 jvs026 mid pR-¥-1
F4 jvs056 mid BERER
F5 jvs051 high FAZOREDZREXA
F6 jvs062 high Hbro5bxd
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Fig. 1 The spectral envelope analyzed by WORLD. (F4)
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Fig. 2 The original spectrum for multilayer dynamic band

noise speech generation. (F4)
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Fig. 3 Example of f, pattern converted from the original

singing voice. (F4)
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Table 2 Evaluation items for auditory experiments.
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Multilayer dynamic

A pseudo-whispering
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(Phantom Silhouette)

Multilayer dynamic
band-noise voice 1
(Phantom “Skeleton”)

band-noise voice 2
for transposed f,
by 200 cent
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Spectrogram
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4 FREAE 2-4 OEFEOERCHEA LIz ARY MVEREOB] (F4: BEKES THOREEX A B
KEBZ AL )

Fig. 4 Examples of spectral envelopes used in the generation of experimental voice for

experimental conditions 2—4.

A. Original singing voice
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0 v oo oo

-100

B. A pseudo-whispering voice (Phantom Silhouette)
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-100

W

C. Multilayer dynamic band-noise voice 1 (Phantom “Skeleton”)

Amplitude (%)

100

-100

D. Multilayer dynamic band-noise voice 2
for transposed f, by 200 cent (Phantom “Skeleton”)

100

0 ‘WMMM»«W -
0.2 04 0.6 08 10

-100
0.0

Time (S)

5 BIEBSGMOERIIEOR (F4: BEORES THk )
Fig. 5 Examples of speech waveforms for each experimental

condition.
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@ Original singing voice (WORLD)
J Multi-band noise voice (Phantom Skeleton) (B Transposed- f, (P. Skeleton)

X 6

[ ] Pseudo whisper (Phantom Slhouette)

R Z & D FERS I D RHMHE R D T3 & BHERRE

(* p <.05, ** p <.01, ¥** p <.001, ¥*** p <.0001)

Fig. 6 Means and standard errors of the evaluation indices by experimental condition

for each evaluation item.
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