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Study of Effective Features for Controlling the Differences
of Vibratos Among Singers by Utilizing Singing Database
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NaoTO MiGITa,! MASANORI MORISE!
and TAKANOBU NISHIURA!

This paper describes the details of singing database for analyzing the dif-
ferences of musical expressions (vibrato and portamento) among professional
singers and the effective features for controlling the differences of vibratos. Vi-
bratos were analyzed by utilizing database composed of various types of songs
for synthesizing singing voices with high-quality. The features of fundamental
frequency (FO0) contours about the rate and the extent of vibrato were ana-
lyzed and the result suggested that they varied according to the types of songs.
We designed singing database by recording the singing voices that four profes-
sional singers expressed vibrato and portamento for analyzing the differences
of musical expressions among professional singers. We can synthesize natu-

ral singing voices flexibly by controlling FO contours of various professional
singers, provided that effective features for controlling the differences of mu-
sical expressions among professional singers are extracted. Then, we studied
the effectiveness of conventional features and proposed features about vibrato
extracted from singing database. The results suggested that the features were
different by professional singers and effective for controlling vibratos.
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Fig.1 FO contour of a vibrato singing voice.
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Table 1 Recording conditions of singing database.
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Table 2 Composition of singing database.
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Fig.2 Results of evaluation experiment about singing database (MOS).
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Fig.3 Time fluctuation of vibrato rate
(solid line) and approximated curve
(dotted line).
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Fig.4 FO contour (solid line) and time
fluctuation of vibrato extent
(dotted line).
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Fig.5 Singing section and vibrato section.
fa(t) = (&) + 3 fn(t), )
fn =IDFT(Fn(w)), (8)
—jF(w),w >0,
R ={ )
jF(w),w < 0.
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Table 4 Results of t-test between normal voices and imitation voices.
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Table 5 Results of multiple comparisons of normal voices (vibrato ratel vibrato extentO vibrato
rate’s fluctuation vibrato extent’s fluctuation and vibrato duration).
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Table 6 Results of multiple comparisons of imitation voices (vibrato ratel vibrato extentO vibrato
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Fig. 12 Evaluation experiments of FO models.
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Table 7 Experimental results of male 1 (upper: normal voices, lower: imitation voices).

vibrato vibrato vibrato rate’s vibrato extent’s vibrato
rate [Hz]  extent [cent]  fluctuation 8  fluctuation [cent]  duration [%]
Dy 0.029 0.01 0.028 26.2 18.3
D, 0.027 1.78 0.027 11.5 2.0
vibrato vibrato vibrato rate’s vibrato extent’s vibrato
rate [Hz]  extent [cent] fluctuation 8 fluctuation [cent]  duration [%]
Dy 0.048 0.04 0.043 65.8 35.5
D, 0.045 3.59 0.041 19.6 2.7

08 0O02000000000000000000000D00

Table 8 Experimental results of male 2 (upper: normal voices, lower: imitation voices).

vibrato vibrato vibrato rate’s vibrato extent’s vibrato
rate [Hz]  extent [cent]  fluctuation 8  fluctuation [cent]  duration [%]
Dy, 0.098 0.01 0.081 27.7 26.9
D, 0.051 2.46 0.088 11.0 6.7
vibrato vibrato vibrato rate’s vibrato extent’s vibrato
rate [Hz]  extent [cent] fluctuation 3 fluctuation [cent]  duration [%]
Dy, 0.06 0.02 0.063 31.0 12.5
D, 0.11 2.13 0.079 10.9 2.6

09 0O010000000000D00ODODODODODODO
Table 9 Experimental results of female 1 (upper: normal voices, lower: imitation voices).

vibrato vibrato vibrato rate’s vibrato extent’s vibrato
rate [Hz]  extent [cent]  fluctuation 8  fluctuation [cent]  duration [%]
Dy 0.04 0.44 0.044 15.9 18.8
D, 0.24 1.42 0.059 6.0 7.5
vibrato vibrato vibrato rate’s vibrato extent’s vibrato
rate [Hz] extent [cent] fluctuation 3 fluctuation [cent] duration [%)
Dy 0.05 0.01 0.053 16.8 16.9
D, 0.06 1.38 0.072 6.0 5.9
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Table 10 Experimental results of female 2 (upper: normal voices, lower: imitation voices).

vibrato vibrato vibrato rate’s vibrato extent’s vibrato
rate [Hz]  extent [cent]  fluctuation 8  fluctuation [cent]  duration [%]
Dy, 0.04 0.01 0.050 35.3 35.3
D. 0.05 2.55 0.049 12.7 2.5
vibrato vibrato vibrato rate’s vibrato extent’s vibrato
rate [Hz]  extent [cent] fluctuation 8 fluctuation [cent]  duration [%)]
Dy 0.30 0.23 0.116 37.5 40.8
D, 0.31 2.79 0.117 15.9 3.9
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Fig. 13 Results of ABX test 1.

Joo0ooo0o100000b0000db0o04000000DO000O0ODOOOODOO
oooooooo
e ADBODODOO 200
(1) Do1l1000O0O0OO0OO0OO0O0UO0ODOO0OD10O00O0O0OO0ODOOOO
ooboooooobobooobooooOoo roOOODOOOO
(2) OD0O100000O0O0OO0OOOOOOODOOOOD10O000O0O0DOOOO
oobooooooooboooobooooo rooOOODOOOO
o XOODO 1OUODODOOODOODOOOODO
000000 vibrato rated vibrato extent[vibrato rate’s fluctuation 00000000
O00O0000000D0OooOoOoOoOO0O vibrato extent’s fluctuation vibrato duration
0000000000000 0O0OOdvibrato extent’s fluctuation 00000000000
gooOooooOooOoOooOooOoOoOobOoO0ooOoOoUOobDUObDOobOUoobOODOobDboODo
00000000 vibratoduration 0000 O00OO0OOOOOCOO0OOOO0OOOODOOODO
000013000 ABXOUODO 1000000005 0000000A0vibrato extent’s
fluctuation 0 0 O OO vibrato duration 00000000000 2000000000 1
000000o0oU00o0ooo0oUoUooUoOUoUoO V% ooULOooUoUoLDoDOOO
go0oo0d0ooOo0o00o roOO000ODOOO0ODOOOO0ODOOUODOOOOS,0ObOOO

0ooooooog Vol 52 No. 5 1910-1922 (May 2011)

0000 vibrato extent’s fluctuation 0 O O OO vibrato duration 0000000000
010000000000000000000D000000000 R0% 0000000
gooboooobbooobobboooboo
6.3.2 0J000D00O0DOOOOOODOOABXOOO 20
goooooobobobobbboboodoooobobbooooobDbbbooUoUoUoUo o
0000000000000 000oooo0ooooo ABXODOOoOooooooooo
goobooobooooooobobobobbodoooobobobooooooooooboo
O00DO0GACKTOOOOODOUODOUODOOODOODOoOOooooooooooooo
gooboooboboooboo0oob0 Boobhi1oobbooobooooobooooo
gooooo4b000b0o0oobOo0bobobOo0booboooboobboooooo
00000 c40000000000 G300000000000000000000016
gooboOooboo20000000000booobo200000b0o0o0obo0oOooon
00000000000 GACKTOUOOOOOOODDODOUOOODOomoooooo22000
10002000000 1000201000000 /a/0ABOD0ODOODO ABXOOO
000000D0D0oooooono ABXOOOO
e ADBODODO 200
(1) 0010000000000 000O0DO0DO0O0O0ODO
(2) OD0O2000000000000D0000O0O0DOOO
e XOOOO 40O
(1) D0O1l100000O00O00O0O0OO0OD0OO0OO0OO0 1000000000000
gooo0o0oO0o0O0o00o0ob0obOobO rFOODODOODOOO
(2) OD0O1000000O0O0O0COOOOOOOOO 2000000000000
goo0OoooooboO0ooobooo FroODODODO
(3) ODO2000000000000000O0O0ODO 10000DOO0OOO0OOO
JoooooooooooboobOobO FrOODODOOOOO
(4) OO2000000000000000O0O0OO 2000000000000
gooooooooooooooo FOODODODO
014000 ABXOOO 200000000000000D000O00DO00OCOO0O
0o00oooodboooooOOoXO0 FoODOOobOOoooOOobOoooDooDOoboooDoDbo
00000000000 OoUDUoOUoOUooD W% o0ooD0oU0DLOULO0DLO0DLDOoooUD
gooddooooOoOo0oooooooObooo0oooObO0o0o1ooooobooooooooo

(© 2011 Information Processing Society of Japan



1921 OO0OO0OO0OOO0OO0OO0OO0O0O0OOOOCOCOOO0OO00O0O0OOOOOOOO00O0O0O0O0

2D E BIIE)
BE1(ELIF0B)
B =roopEume)

20
10
0

__ 100
2\3 90
0
= 80
*:) 70
m 60 FORLBAOD & REICH L V=
& 50 T4 HYDBAE
% 40 L (D ERERIE)
e 30
=
e
[

it Z1E2 S S1E2
GESHE) EBHE) (EFRE) EIRE)
ERLI-FOMBMERT 5T BF=bDT4T5—MELOTE
014 ABXOOO 2000
Fig. 14 Results of ABX test 2.
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