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Abstract: In this paper, we describe a vibrato parameter estimation algorithm and show the performance
evaluation. Vibrato is defined as a musical effect consisting of a quasi-periodic fluctuation of fundamental
frequency (Fo). Vibrato parameters consist of the amplitude and frequency of the Fo contour. In addition,
we define the boundary in the duration of vibrato as the ratio between the duration of one note and that of
vibrato section. Since there is an algorithm for estimating the vibrato parameters, we propose an algorithm
for improving the performance. An evaluation was carried out to verify the effectiveness of the proposed

algorithm, and the result showed that the proposed algorithm could work as expected.

Keywords: singing information processing, singing analysis, fundamental frequency, vibrato

1. XU &I

W) ZERFELDNIEL>TELINTWAEEED 1D
THY, 2ORFEHTHEH I ZHREHTHL
NTWb, AV —3y bOIGEICE bR\, == a5F)
[H*1 % YouTube 272 K OBE LA 1 b TlE, HEFH %
HELCELLZEDILE LTES L2D2H L., ATK

bR
University of Yamanashi, Kofu, Yamanashi 400-8511, Japan
2 A
Meiji Uniersity, Nakano, Tokyo 164-8525, Japan
3 JST & &5
JST PRESTO, Chiyoda, Tokyo 102-0076, Japan
2)  g19tk020@yamanashi.ac.jp

© 2020 Information Processing Society of Japan

TT)IIBNTH, HFEESH - FTEL—RLL
T nana*3%° Changba %) ) — A SNTHEY, §FIHE
BT HEMOT 7574 T2—FEEH LT L L END.
COEHIZ, HETHH) LR, ENEFWATLI L EYE
L Z e TE LA LEE L TV LIRNICH 5.
P T AR IE S SR INTwDE A, HEEH
W7 )= a y Rt —EADFRREIZE b WS
B[] BEEML TV A, BHFIEEE LS LI RL DV FEDE
BEYRALIEDLETEL ST L8500 H 505, ZhLs

*1 https://www.nicovideo.jp/ (¥ H 2020 £ 7 H 13 H)
*2 https://www.youtube.com/ (E##%H 2020 47 J] 13 H)
*3 https://nana-music.com/ (MM H 12020 £ 7 J§ 13 H)
*4 https://changba.com/ (F##3RH 2020 4 7 J§ 13 H)

1936



BRI F=EmEE Vol.61 No.12 1936-1946 (Dec. 2020)

IZHHMEFR NV~ > b 2] L) EBROLILR, Fo DBIIIZE
B (3] BSRFREF L RRAEL V) EHELT A, W
RV = > k&, Sundberg (2L DWIRENTZ, BHOF
NRTHMEO 3kHz fHEICBW B SN BEEE LRIV~ ~

M= DZLTHD. FoBBFOFRICIE, F—/ND 2 —
N AN ZLBY 53 70 & D575 25 B O W B 75 9 1 2R R
BEGT 4] DIENIS, ETT—FRKRVY A e EDHK
WHEIC L D ERN R EKH (5], [6]) DT 5. RFEYAHE
FRHTHHETT— I, Fo k% EEHN IR S &
HHMEEL LTEHREINL, 75— ME, KE25—F
BCHEIE-E OGHT 7], HEEHEFOY T T — MBSO
PELMZ 720D T T — MEBEOMNT 8], €77 —
DA AV 72HF O [9) ICFIFH S Twb, Iz T,
77— M, #EHR[10], HFORRES [11], HFED
MR ET 5 RIS T 5 [12].

FHHEEHIIBWT, €77 — M VOCALOID [13] R&F
L & fm ICE RS 2B A Y AT 4 [12], T —HHIE
DHNH 2 B LHFEKNT A= % HENEET 5 A
74 14], [15] ZETHOW SR TV, DEDZERd, ¥
7T — MIWTESH - BRICBIFAEELRNSTA—F L L
TIRIASHWLNTBY, EELZDDOD1DTHIE VR
5. ©T7T7 = XF A= OHEFITTIRESI AT
L5500, €77 OXMERET L0007 VT X
LTH A [16]. ZOFETKF T L Ofat EE OIS
SRS TNE I Ens, KM L W) BHigox L+
GRVEREDER TE T D Wz 5 [17].

RIFFETIE, PERFLIZRRY), ETT— I NTA—F
TREICHEET S L) HEzREL, 9EREICBT
LIERIRT S ERNEZ/RT. 0%, WEXMLSE
BIzODTEERETSH. €7 — N EWET 585 X2 —
FIETTICW L OPRESIN TV D AT(12], [17], AFZET
THLATHERBR S E RV E ) 3 DODORMICHRE L THfE
i % EMET 5. BAAWICIE, E7T—FO®EE, FEX,
BIUPET I — MIHFOEETIEIR L/ — FOEFDI S
532 EbHbz0, ¥7T— MHE LG
HEDOHRLET D, FMBETT— hXT A= 5 OHEED
WEEIC UL, D L) RGN SIREC 2 ), #oF
BRICBIFHET T — Ml LI O FIHTREIC R 5 2 &
PEIFRES LS.

2. E7S5— MNIET IEEMSR

AETIE, €77 MIETLEEMEL YT T — M %
BT 587 A =5 IZOWCEHHAT A, 208%, €77 —
N X IR TS BT B RERAFZE IS DV THREAT L, RIS
DNED T Z kR 5,

2.1 ETS— R NS A—EDTEH
79— beld, EEMELARFICBWTFOEE

© 2020 Information Processing Society of Japan

7400

7350 -

7300

7250

7200

lf(7 [cent]

7150

7100 -

7050 - T

. . . . . . . . . . .
2800 2850 2900 2950 3000 3050 3100 3150 3200 3250 3300
Time [ms]

1 Y77— M0 F e Hs - B EME
Fig. 1 Example of an F( contour and the definition of vibrato

rate and extent.
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Fig. 3 Example of F trajectory showing the vibrato start time

before and after correction (The square marks indicate
the maximum and minimum points that exist in the
non-vibrato section from the start time before correc-

tion to the start time of the true value).
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Fig. 4 Example of an Fy contour including a vibrato.
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GAZFHMI§ 5.

Allowable number TIZEENEHWIT E, LVt
UL 0 IZEWIEERBENSHWI & 2 EIET 5. Allowable
number IZBWTHEHLHICE I N2> T7— 7D
WU, HEERERDKIBIZ TN T 2b D72 TIE RS, ¥
77— MaI LT T — b LFRHEE T S False positive error
DB EENS.

4.4 HBICHAVWAE TS — MNXRBRHEFEEBESTE
V7o —FXMHERFIIR2DE)ITHE—L, 3
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Table 2 Conditions used for the vibrato identification.

w4t PSE
P,(t) F=y TN —=TTL
E79— FOES [He | 358
E7 77— FDOES [cent] | 20-400
P EE L OREK 5 2L E

K3 FERIIHVDIYE T T — b5 X —FHEERE

Table 3 Vibrato parameter estimators used for the evaluation.

NV EX BN E At
L (BEskE)

Y77 — s Ol
Y77 — b ISR O IE
Y77 — b ORI
Y77 — b ERIGREZ O HIE

O Qwelu

D& IHERIE L 2 OOYEEE:, B X UMEL EHLAS
b7E 4 WY OFEEHWCHE L. fERE0HES
e Zz0F MM LA, 7 A M7 — 5 OfIREERA O
SbOWIHTELRNZD, 72T IO 72 0HEREICH
WTHETT— OB S LIRS & 3.5-8Hz, 20-400 cent |2
L. UL DR, Py(b) k0B8R Fr &
Fy bR 3.5, SHz 128 — L TLHE L 7-.
441 EJZ—-MTEICH I IBEDRTE

2 2 TIE, 3K [16] DHESRMFICRE LTS, ¥
77 — MHERFMIH VS BEOREIC OV TIHENS,
CZTHWAFEIIBIT B HESEMA DS &R S OHIFRE
FAIL, 4.4 5 CHML7ZFHMEIZH V% 4 FETH—3 T
WA EE L7 HIBREIP & 135 2% 5.
22HTHBLALBY, ET7I5—F5LE P(t)
KEVEWIEUBLPET I — VHESRED 1 D12H D7
0, P,(t) BAREWVEHIW T LHMEZZET LLEND 5.
P,(t) OBMEZ T T A1, S LIRS DSHIRFEANICH
Y77 — D P,(t) & 3LHK [16]) DFHETHH L, P(t)
DR E Rz, T =51, T -5 55
79— h, FETIT— DT L — L EEESIZ 1,000 7
L= oML, TnhEhgiitiro7z. ELT T —
FDOT L= A BHI SNz Py(t) & V72 BAE A6 B %K
F,(p) &, RIEMERD P,(t) DA p LT 725728, JEE T
T MEELLHET 2MRISINT A, €77 D7
L— ool &/ Py(t) & v 72 BRESA B% Fy (p)
&, FHERERD P,(t) DMEDS p LT 5728, €75 — b
DHEIET BRERICHIET A, Lo T1—F,(p) &, #HEHE
BD P,(t) DWED p LT o 72BET I — FHHELEL v
WHRErHEL, ©7I7— b 2EECTT— b EHETLMHERL
A, ZOZENDS1-F,(p)ld, fHEHKRED P,(t) D
Wp Ll b7Zo728, €77 —bE2ELCHZEL TWAHIER
AERT. IS AT, X (10) THH SN F(p) &,
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Fig. 5 The functions of F;.(p) (solid line) and the values of p

in each data group.
77— rOFMEZIEL CHETE AMERERD.

Fr(p) = (1 - Fv(p))Fn(p)’ (10)

CORIHDONDEEINTA—=FIE, ETTF— /8T A—
YERMEETDHHICEE SN DTHL I s, B
N Fo(p) BEMEY 32— a VIZHWwE 4 20F3T
CIEBEOEI R, 22T, F(p) BKiEE b p %,
P,(t)y »¥ 77— MHEDHMMEEL LTHRELZ. B 5124
T=8 V=T ORRERY. ORI, DT F.(p),
WS p 2R LCBY, F(p) #ER, WAL %D p 2k
MCRT., ZNENT—F 7V —TI12X) F.(p) $8% %
728, REBRIZBWTIE, P,(t) OBEZ M1 I35 1 2L
WD 305 BAFET— % % VT 0.054, FEEEC&I
T — % 205 M2 12 0.064, F1130.065, F213 0.064 & 5
T AMEICREE L7,

4.4.2 BREIIBIIHFBHBEORE

CHK [16] DTS, BRE R LHES, RS OBREEE
L7 7 — MHE L 72RO OFFEZ KO, K
WFE O EIIC IV 2385 12 BT B R #F L hET 5. 2
ZToEY 77— ME LFIBRR OEIR, KX (9) TH
s n s e b, 2574121, Jl
T — & 2 S EREDOHIBRFEH AN IZH 25 216 77— 8 &
v/, Zo7F—=4%2HnT, ZNFRLOETT— hDHE
K, REOBMAERG L T T — MHE L 22BERL 0
wR, BRESAEEBTENENR 95% % &L H% FFA
PlE L7z, =2 7N =TT EDRE LIRS ORI
¥, B 6 1RY. ORI, HElhAT BRI R, i
DRAAE GO RO MEEERLTBY, EHILT I —
FOMEE, BARIIY T T — FOFEIERL, HEIE 95% &

HAEERYT. T2, @I, TSV TFTEDE T

7 — MHE L 22RO B2 O RO E R,
DFERP L, RS EHRIOFGERIGE YT T — MHEL
FRIGIR A OBGEDFFMEZ R 4 (IRTEE L7,
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Fig. 6 Cumulative distribution functions in the errors of vi-

brato rate and extent.
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Fig. 7 Cumulative distribution function in the error of vi-

brato’s boundary.

R4 77— bORS, #E, BRI OBEDORFEE

Table 4 Allowable errors in the vibrato rate and extent and

vibrato’s boundary.

Fey V=T | HEOME | EEOME | BIEELOBE 5]
M1 0.094 0.23 0.26

M2 0.080 0.19 0.26

F1 0.074 0.13 0.11

F2 0.081 0.19 0.26

4.5 R’EEOBMERTE

REETH, €79 MEMAZHIES 2 L8NS 5,

WIEEE L D720, 4 D2DF—% 7V —7F T & ZHlT —
FaRaoML, €77 — M L 7-BIGEEZ OFRAE O Hh il
RIS L7z, SISV S FRETEA, BTERE
WHWTRD SENMIEEE, 7A N T =7 DZFNRENRT
FC, F:D COGMIHER L. MiEMEEHEH LR
3R 5 IRT. Fo#ED 7L —24 37 MEH 10ms D72
W, BHNEE 10ms B CTUBEHEATAZ ETLD S
ZEEL7.
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= 5 FEBIN 7o Raa kR Al

Table 5 Boundary offset used for the evaluation.

F—y s —7 | Fih C OWIEM [ms] | Tk D OWIES [ms]
M1 40.0 40.0
M2 40.0 40.0
F1 20.0 20.0
F2 40.0 40.0

5. ETEEC I L -2 a3 iER

F= I TN—= T Ty IV —T kT L0
o Ial—variReR 6 IRT. TORTHE, £:F
EE THERE A LD HEEFEVLDERFETERL, &kd
HREDSE VOB DITITRFITIZ TR TRT.

5.1 TEREEREED Fine error (CH T3 21 ARt 1%
EfER

AWZEHR E T HEETHLFED LIEkETH S
T A @ Fine error DR EABEDRHEREZR 7T IIRT. 2
DERTET—F 7 )IV—7 Tk D% Fine error 1243 4 p il
Dz F L T\w5b, 7—4% 7 )V—7 F1 ® Fine boundary
error DAMIA 7% (LD p<0.01l THEETHY), FiED D
BWHERELRLTWAD. Z1UIMNZ, £ Fine boundary
error TIEFED OFERDPFEA £ FHl> TWLIRETH
HEVPRBOONZ W L b, FREEOHEREEZRL TV,
ZD®, FihA EHARELETH 5T D OMREEA
FLAZERIREEVR S,

5.2 Allowable number D2 #fER

Allowable number I&, 7— % 7 )V — 7 F2 ® Boundary
number % B X RZIFIC L BMEOIH LR D LN 5720,
REFIBBTRAMGFEBVEIEL TS L2 5. Rate
t Extent [22WTIE, 7—4% 7V — 7 F1 ® Rate number
DA BWTRE L 22 llAGbE7-FiE D OffR
PIRETHL. €77 — FOFFEIIEHFANDIRL D D
72T = ZIZBWTTLED 2SR BEORFRTIE R WS,
RELLTRITTFHNICRFRHERE S 26T LW 5.

5.3 Fine error DD HiER

Fine error {22W T, 4512 Rate & Extent error {22
WTE T T — MRBIFZIEIEIC X 28 825EETH Y, T
HECHTFEDOEL LR DRICKBOMEL/RL TV
%. Boundary error |22\ I, WA HPNLTEY, i
KL SEEREZRTHEROEON TS, 72721,
2N 51, Allowable boundary number O A I L 72854,
FFAHL OB R AR oMl O T — & AN HIE S
HZEIZE MU TREMEDS 5. Allowable boundary
number 72%[[_[= L 22 Fine boundary error [ - L Tw
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F6 AMEMEY I L -T2 VR RFIEA ek Xy dEw
HREE R LD O, 4 FEOR TR EN TV DIEKTI
TH#HEMRZ TN

Table 6 Results of the evaluation. Bold font represents that its

performance was better than the conventional method
(A), and we added the underline in the best value of
all methods.

T4 7 I)V—"7 M1

A B C D
Allowable rate number 494 503 542 553
Allowable extent number 531 545 547 560
Allowable boundary number | 555 558 547 538
Fine rate error [%)] 274 258 1.49 1.54
Fine extent error [%)] 770 0 7.7 479 4.70
Fine boundary error [ms] 719  75.7 53.4 539
False positive error [%)] 11.1  8.64 11.1 8.64
False negative error [%)] 12.3 12.3 12.3 12.3

T=5 7 )V—7 M2

A B C D

Allowable rate number 438 443 506 519
Allowable extent number 508 516 532 51
Allowable boundary number | 515 525 542 55
Fine rate error [%)] 245 2.39  1.20 1.33
Fine extent error [%)] 752  7.26 4.16 4.28
Fine boundary error [ms] 68.9 63.6 62.9 58.1
False positive error [%)] 123 10.2 125  10.2
False negative error [%)] 1] 0 0] 0]

TF=5 7 Vv—"7F1

A B C D
Allowable rate number 326 322 356 350
Allowable extent number 232 240 263 270
Allowable boundary number | 179 170 219 209
Fine rate error [%] 291  2.74 2,62 2.47
Fine extent error [%)] 6.09 5.58 5.56 5.04
Fine boundary error [ms] 54.8  60.3 53.7 56.2
False positive error [%)] 8.80 8.18 8.80 8.18
False negative error [%)] 43.1 43.1  43.1 43.1

T—=5 7 NV—"T F2

A B C D
Allowable rate number 466 488 540 551
Allowable extent number 513 534 543 557
Allowable boundary number | 558 552 555 550
Fine rate error [%)] 222 214 130 1.05
Fine extent error [%)] 6.51 6.04 3.72 3.25
Fine boundary error [ms] 753 724 59.4 55.1
False positive error [%)] 105 7.56 105 7.56
False negative error [%)] 1.54 1.54 1.54 1.54

[OSER RN

A B C D
Allowable rate number 1724 1756 1944 1973
Allowable extent number 1784 1835 1885 1938
Allowable boundary number | 1807 1805 1863 1852
Fine rate error [%)] 256 2.44 1.57 1.51
Fine extent error [%)] 710 6.66 4.41 4.21
Fine boundary error [ms] 704 69.4 58.0 55.8
False positive error [%)] 10.7 8.60 10.7 8.60
False negative error [%)] 14.2 14.2 14.2 14.2

57 =4 7 NV—T7FLI&, REEI L DUHEVHNIHERE
DA = SARARY IV
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T OIECRE (FEA) LIRFEE (T D) @ Fine error 12313 %
t ARTERER. * D p<0.01, ** 1 p<0.001, *** : p<0.0001 & L
w5

Table 7 Results of t-test in the fine error between the con-

ventional method (method A) and proposed method
(method D). Define as *: p<0.01, **: p<0.001, and
4% p0.0001.

Fine rate error Fine extent error Fine extent error
M1 Kok $kok Kok
M2 Kokok *xk Hk
F1 * *x
F2 KKk %k Kk
BaRR | o ok ok

5.4 False error DGR

False negative error 122\ T, &TFEICBWTHED
IR ONT, LI A ERSEERIRIE TV E VR 5,
UL, REEPHEOUCEENSANTHY), €77 — M
HIZBW I EN M e o722 E X ERT 5. HTICX
HEDEEZETH AHEBPIOWVWTIE, RETHIT 5.

False positive error CTl, &7 — 4% 7 )V —7TE 77—
b ORWHRAE W72 B EFED 2R A LI
RCMELTWA, TS, BB EOIMIIC
Ho LN T A= FH3, REEEDUEE I & ) FFAHIPTIC
GENTZENENTH .

6. EE

AT, FHEBEIL—Ya VERESD, BEED
BRIEIZOWTEET L., 2, EHIHEL»SET L.
DOHIEIZHONWTHHL A,

6.1 ETJT—MDRIERIDHEEREEDRHL

Y77 — b OB & BAGRES ORI % fE R HL
AAte Z L2 X, False error DHEREZ (R F 713 &
2, Allowable rate number & Allowable extent number
OUWREENMEL:. &F =5 7V —TDFAMTF—%I128
J5FEATE T T — ME L7 RIGRKZ OO RFE
SR AER 8 IRT. ORI, #HelhaS B,
WSRO BREOAEBRE R L TBY, ERET—4% 7
V—7 M1, Befid M2, r#iE F1, $8#13 F2 289, 3
HECHH L2 BY, FARRORETEMEEHCHEE O
ETHELTWA, EDOTF—7 7V — T THRENEDOE
THLIEENHAOHTHLIEAFLI VBN DL, €T
7 — MHEDPAROBIAREZ L D D FAficINnTn b &wn
IEHASIEL WEEZONDL, ¥ 79— ST A= H5E
DR - W T OB AR S LSBT B HIED % 72
B, BIEEEG L )RR F /I H D Fo BUR OB 722 258 73,
MAEOKENE %D, €77 — FHGBRKZORIED S ISR
TdH o7 JIZOWTIE, BRRAIRIEDS Z OB a kT
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Fig. 8 Cumulative distribution function in the error of the vi-

brato’s boundary.

LILPTETWEEZLNL, 32HTHHALZX 3
BAREY I 2L -3 3 YO YT T — b BIBER OMIE
RO1O%RT. 32HTHBILZZL )T, #iEZIT)
& T Fo PR OMAM 2 LB DK - BN mAE i, ok -
BAEERACTEESNAZEY 7T — POES LESD#EE
WAL EZOND.

Y77 — b OB SR ER LICAMTH o722 &
&, Fine rate error & Fine extent error DA _F7» 5 2
fFrohs, ZORKRE LT, BEmEc L - Tk -
N OHEEDEREALL, FICHEDOHENE T T — D
MERBENPMLEL Wi ThsbeExohs, DED
ZEnn, €77 - bORS, REOEEEER 220
DYUFEFRIARTHL LV D,

6.2 E7JZ— MORIARKEZIOHERSEDM L

77— FoORWiaE e 7T — bRGFEZ O IE
wHERPITHLART Z L 12X D, False error DHERE % ff4F
F 721318 1 L7245, Allowable boundary number & Fine
boundary error DHFEN —ECTHR T T 5 2 & bERTE
72, ¥7 7 — MR ORI IZEE S 5 R T O &
LT, ZH1OWFICLLEEIHITLNDS. 8 &0,
T=8 7 NV—=TFLIEBD 3 7V —T LA, EFANST
NTWaZens, WH1OT—5 258, 7ANT—%
(CHEREERIZLI-EEZOND.

6.3 REZEDHEIE

ARFHI T, €77 — bOFEOKE, BINTEEE
AR ICE N5 D, FREHNOHEEREE & v ) B
DIEB G TEM L TV 5B, 728 2 IXFEAHPNICE
IND T =S BOWINE, RO LD T -5
BESRNER IS B E NG, MEERE CEEE Y R, T
FEOELIZONTIE, MEHWIZT 22108 fEmssig
LT EERD.
REFOVTIE, FFEOTE THRERED R B OMR L
LBBAEL D DD, SRIIIITEEE A G TF
ED PR GERE S5 2 Twh. ¥EIZ Allowable number
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7. BBbHYIC

KT, BHBELZE TS — ORI LIES, BB
HNOHEFHMWE LY T T — b8T 4 — FHERIE DA
FFERREL. BEETIE, 200U EEEZHAGD
TCET T =M T A= FHEOUFELT ™M > 72, FRE
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TELF =TT AMNDORIEK Y I 2L -2 a vy EfFo7z.
FHERY I 2L =Y a3 VRS, fERELERTRTO
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D1DCTH5HETT— MRHBHFHORIE T, HTFI2L5
EHDEEWN, NI A= ZREILETLIENDHITS
ns.

Eifad

=7,

AWFgeix, JST X &A% JPMJPR18J8 D% %

SENH

[1]  Sundberg, J.: Research on The Singing Voice in Retro-
spect, TMH-QPSR, Vol.45, No.1, pp.11-22 (2013).

[2]  Sundberg, J.: An articulatory interpretation of the
‘singing formant’, STL-QPSR, Vol.13, No.l, pp.45-53
(1972).

(8] JeAKHE—HB, WESEAL ¢ AEREE &R R OB I
B OB AR D W T, IHHILER S A 7E RS & 2T
R, pp.71-76 (2003).

[4]  Akagi, M. and Kitakaze, H.: Perception of Synthesized
Singing Voices with Fine Fluctuations in Their Funda-
mental Frequency Contours, Proc. I[CSLP 2000, pp.458
461 (2000).

[5] Kojima, K., Yanagida, M. and Nakayama, I.: Variabil-
ity of Vibrato — A Comparative Study Between Japanese
Traditional Singing and Bel Canto, Proc. Speech Prosody
2004, pp.151-154 (2004).

[6] Nakayama, I.: Comparative Studies on Vocal Expres-
sions in Japanese Traditional and Western Classical-
Style Singing, Using a Common Verse, Proc. ICA 2004,
pp.1295-1296 (2004).

(7] HEIEHE, CPige, WSS, ARRL, WEER
STRAIGHT %M\ 727 7 — MK &S OfEaTHITER,
H AR B 27858 4 23 5 SC 4, Vol.2005, No.l,
pp-269-270 (2005).

© 2020 Information Processing Society of Japan

No.12 1936-1946 (Dec. 2020)

8]

[10]

[11]

[12]

[13]

[14]

[18]

[19]

[20]

[22]

23]

BRTOC, SR, W Mk, ARESVISHE | RS O
LEERTAT 2 H Y & L 72 AR I B D AL B i 2 E§ 5 ¥
77— MEREORSE, BREWIGEC (B - Bl
AT LERMEE), Vol.137, No.12, pp.1607-1614 (2017).
Nwe, T.L. and Li, H.: Exploring Vibrato-Motivated
Acoustic Features for Singer Identification, IEEE Trans.
Awudio, Speech, and Language Processing, Vol.15, No.2,
pp-519-530 (2007).

R Bk, TRIREZE D HORHREIC X BN o E R
DZEAY T HIEIFHMI G- 9 5 E RO, BAE
B O U4, No.2-Q-16, pp.583-586 (2009).
Sundberg, J.: The KTH synthesis of singing, Adv. Cog-
nit. Psychol. (Special issue on Music Preformance),
Vol.2, pp.131-143 (2006).

Saitou, T., Goto, M., Unoki, M. and Akagi, M.: Speech-
To-Singing Synthesis: Converting Speaking Voices to
Singing Voices by Controlling Acoustic Features Unique
to Singing Voices, Proc. WASSPA 2007, pp.215-218
(2007).

Kenmochi, H. and Ohshita, H.: VOCALOID - Commer-
cial Singing Synthesizer Based on Sample Concatenation,
Proc. INTERSPEECH 2007, pp.4010-4011 (2007).
FRERGEE, PREEZE | Vocalistener | . — Y HE & FADL 5
WG NT A=y BEHET 5V AT L ORE, 1§
PROLHL AP 2 5 S OB 0 7 S AFJE TR 2008-MUS-75
Vol.2008, No.50, pp.49-56 (2008).

Nakano, T. and Goto, M.: VocaListener: A singing-to-
singing synthesis system based on iterative parameter
estimation, Proc. SMC, pp.343-348 (2009).

TR, TRIRELE, CPE O ORE DERMEHE Ve vk
WEJJE YRR T, LB XA OCRE, Vol.48, No.l,
pp-227-236 (2007).

AN, SRSEHE, THI 007 — ¥ X — 2%
W7z 4 77— N OO AR % e OGS,
THHRILIL S 2550 SR, Vol.52, No.5, pp.1910-1922 (2011).
Prame, E.: Measurements of The Vibrato Rate of Ten
Singers, STL-QPSR, Vol.33, No.4, pp.73-86 (1992).
Sundberg, J. and Bretos, J.: Measurements of Vibrato
Parameters in Long Sustained Crescendo Notes as Sung
by Ten Sopranos, TMH-QPSR, Vol.43, No.1, pp.37-44
(2002).

Morise, M., Yokomori, F. and Ozawa, K.. WORLD: A
Vocoder-Based High-Quality Speech Synthesis System
for Real-Time Applications, IEICE Trans. Information
and Systems, Vol.E99-D, No.7, pp.1877-1884 (2016).
Morise, M.: D4C, a band-aperiodicity estimator for
high-quality speech synthesis, Speech Communication,
Vol.84, pp.57-65 (2016).

Morise, M.: Harvest: A high-performance fundamental
frequency estimator from speech signals, Proc. INTER-
SPEECH 2017, pp.2321-2325 (2017).

Rabiner, L., Cheng, M., Rosenberg, A. and McGonegal,
C.: A comparative performance study of several pitch
detection algorithms, IEEE Trans. Acoustics, Speech,
and Signal Processing, Vol.24, No.5, pp.399-418 (1976).
de Cheveigné, A. and Kawahara, H.: YIN, a fundamen-
tal frequency estimator for speech and music, The Jour-
nal of the Acoustical Society of America, Vol.111, No.4,
pp.1917-1930 (2002).

Nakatani, T., Amano, S., Irino, T., Ishizuka, K. and
Kondo, T.: A method for fundamental frequency esti-
mation and voicing decision: Application to infant ut-
terances recorded in real acoustical environments, Speech
Communication, Vol.50, No.3, pp.203-214 (2008).

1945



[BEHRNIBFERIEE Vol.61 No.12 1936-1946 (Dec. 2020)

= EX

1997 4. 2019 FIFRF LA o
Y¥a— Y ETARESE. BITE, 1A
KFERFBEETRFHRERE R LY
BT ¥ a— s BT — A
L EAE AT T A ISR IS HES.

HE MM (FaH)

1981 4FA:. 2004 LEFIH IR FAZE.
2008 AN L KPR Be it A 15
T, s (T5) IS, R,
SATEERS, IR F &R T, 2019 4R
L0 BB RFARE BB A i SR HE S
. NEOHEE#REGEH L7-E5 50
T - BHC - T A ¥ OFFEICHEE.

© 2020 Information Processing Society of Japan 1946



