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Singing voice has unique acoustic features that discriminate it from speak-
ing voice. It makes voices be worthy of singing-voice, ”singing-ness”. For
the application to voice synthesis, we should consider amount of the acous-
tic features and interaction among the features. Therefore, relationships
between ”singing-ness” and the acoustic features should be important.

In earlier studies of ”singing-ness”, there are methods: One is relation-
ship between ”singing-ness” and acoustic features. Another is relationship
between ”singing-ness” and psychoacoustical features. However, it is not
enough to investigate how much amount of acoustic features affect ”singing-
ness”.

In this study, we present a three layers model describing relationship
between ”singing-ness” and acoustic features in order to investigate. This
model consists of three layers: the first layer is for ”singing-ness”, the
second layer contains basic psychoacoustical features, and the third layer
contains acoustic features.

We aim to replace psychoacoustical features of ”singing-ness” with some
basic psychoacoustical features.

We placed 80 data of vowel /a/ from various type of sing and utterer in
order of ”singing-ness” in the listening experiment to select 11 data for later
analysis. We investigated psychological distance in ”singing-ness” in the
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next experiment and perform Multidimensional Scaling. Then, we choose
3-dimensional according to stress of 5.4 The results suggest that ”singing-
ness” consists of some basic psychoacoustical features and presented model
is reasonable.

Relationship between the first layer (”singing-ness”) and the second layer
(basic psychoacoustical feature) in three layers model of ”singing-ness”
were investigated. Adjectives representing basic psychoacoustical features
of ”singing-ness” were selected with another experiment. In the experi-
ment, subjects answered adjectives corresponding to the data presented.
Then we selected vibration, ringing and clearness for the candidates of
basic psychoacoustical feature of ”singing-ness” from the results. And we
investigate distance between data in each adjective. We calculated direc-
tion of each adjective using multiple regression analysis in the space of
”singing-ness”. The closer to 1.00 the values is, the more ”singing-ness”
adjectives represent. Multiple correlation coefficients of adjectives in the
3-dimension were 0.99 for vibration, 0.99 for ringing and 0.84 for clearness.
They are higher values relatively. Because vector of adjectives indicates
different directions, ”singing-ness” is strongly associated with vibration,
ringing and clearness.

Relationship between the second layer (basic psychoacoustical feature)
and the third layer (physical feature) in three layers model of ”singing-
ness” were investigated. Data were analyzed for Fundamental frequency
(F0), amplitude envelope, spectrum and noise ratio to show acoustic fea-
tures related to vibration or ringing. We made synthesized voice by adding
features to voice data with little or no perception of vibration and ringing.
We investigated if subject can percept the features in voice data in exper-
iment. Results show that 4Hz - 6 Hz modulation in the FO and amplitude
envelope, variation of formant in frequency and amplitude and interaction
among these features were significant acoustic features for perception of
vibration. Results show that peak of spectrum envelope around 3 kHz
and Strong harmonic components around 3 kHz were significant acoustic
features for perception of ringing.

Finally, Relation between the first layer (”singing-ness”) and the third
layer (a physical feature) in three layers model of ”singing-ness” were in-
vestigated. Amounts of psychoacoustical features are affected by combi-



nations of acoustic features, such as vibration and ringing. Variation of
the amount of psychoacoustical feature changes degree of ”singing-ness”.
Then, the several of combination of acoustic features related to vibration
and ringing were presented to subjects to investigate relationship between
the first layer and the third layer. Because their perceptions of ”singing-
ness” were changed while acoustic features were changing, these acoustics
are connected with ”singing-ness” It was found that Acoustic features re-
lated to vibration were significant features for ”singing-ness”. Acoustic
features which affected than that of vibration related to ringing were fea-

tures ”singing-ness”



