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Fig. 1 OMTS model of chorus singing
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Table 1 The number of vocal training of experienced subjects.
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Fig. 2 Fj contours of presented sounds
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WES ORI Z W 2 I ERT 2728, KFEDEF AR
\CHT)E S 2 BIEIES (R 4 %4 L IEAIZ 2 7 C
EDEVHEMEFAE (FEAN) 4 IR U TR 217> 7.
BREERE OWISHIFIFIZE 1 1TRT. WEHRZIERI N
o5 (LU, PRE &R 2B LA S, 220 Hz (4500
cent) D—EDNEHT [F] OEZ A WHFEFTS. D
07 b= S PREICR U 2 B DUER LTz, JEH
ICZIEE BB PR EE, R 2 B3 4500 cent, ZD1%E
7% % 5 (4550, 4600, 4700 cent) I\ 2T Z A 2 AL L
L. ZNZIERE 1, RS2, RS 3 LT 5.
¥, RRTIE Fy ORI [Hz) &, X (3) Z VT4
U TR A — )V DAL [cent] VD, RHEAr—)L
ETlE, 2EED 100 cent ICHET B,

: f [Hz]
cent] = 1200log, — 2 —
f leent] 52440 x 2125

(3)
FERE N E RO B 2 IR ITUIA L, 4500, 4600, 4700
cent DAY b —2ZINERL, SENELT 3SRz
U7z, 4550 cent ICDWTIE, Griffin-Lim O STFT
T ZHOTESEZB LA L IcERZFH Uz, $oR
FHD Fy JiizX 2 1R7.
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Table 2 Signal analysis conditions for Fy estimation.

YT TR 16 kHz
mEE Y M 16 bit
=T ME 10 ms

Fo ‘FEBEIPIZRE 50 ms

£ 3 ETINWRTA—2HEER~ERE RMSE
Table 3 Estimated model parameters and RMSE.

o kv RMSE

WrE | o fu by ku + kv [cent]
1 0.47 0.18 0.01 -0.048 9.6
EBE 2 0.41 0.34 0.06 0.012 6.5
3 0.59 247 0.1 -0.005 17.3
1 042 012 0.1 0.346 15.8
EIN 2 043 1.16  0.79 0.152 11.4
3 0.52 1.16 -0.21 0.137 14.3

Note: RMSE Ofiii, BHIES LHEENFEETILRT A— 2D 5
ER LTS ED B E Nl TH 5. ERERE by /(ku + k)
& Bu, By MEAEEN, RtEREE TR 2EARET.

3.2 OMTS ETIVICK B D

INER L 72 m S OMTS BT IIWST A—R7Z2HEEL, 2
EEOESZIC K 0820 %, WO Fy &, WS
DL L7z TANDEM-STRAIGHT[18] ZFIf L CTHEE L
7o Fy HEE DK 21TORT. ZDMDISNT A—RiFTF
T4V NDETIT> 7. OMTS £7)L7% 3.1 HiDUEkT—
ST 255, FERE D Fy ARG E S V, 4500 cent
D—EZ D EGED e U IcZNZTind 5. #HEd 3
EFIWIRTA—=RIE N ky, ky } ZE&m THL, FHIEL
Tefili {a, By, By} £75%. OMTS TFIVIST A—ZOHEE
BRAME FEEHWTIT - 72 [11]. &ER FEcBT %8
F A—ZOHEHEENE 100 B, FET IV ST A—ZOFHfE
1 a©® =04, 89 =0.05, 8y ?) = 0.05, FEHERSA—
Znlidn, =1.0x107°ng, = 1.0x107% 1z, =1.0x107°
ELT, ETIWISTGA=REHTE LTz, TETINWIRTA—X
DOHIEI A TIIZE [16] ITHEDNWT, EHFEINTA—2D
EIEPIEBRICE DOV TIRE L. onicidE S 2 kDR
%1 BROME 2 Uiz,

BEE L BN DOV THESNIZET IVLINT A—2 D
Be, BRE ky, kv O ky /(ku + kyv) Z2& 3 1CRT.
CTOFE, BHEEHTIVICHEIND 4 LOWIEE
DFFET—Z SENHSFEINIETH 5. (FREHLL
kv/(ku + kv) (&, FEEOTed LMERBEEGOEL 5D
5 X 0B 2T HNOIREE RS, 18T A—ZHEERR
BT 2 ez 5 L, EAKOBEREDOTH
0DISEWVEE ES>TWVWE T bbb, DFD, FUREIC
WSS BIREN IS 2 IR DX REBDIEF IS/ NE N
EWVH T EEEKT S, CTOFREND, FEREZIERS
FEICHBEEINT, FEHIE> THIET 2 L0 5 T L
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Fig. 3 Calculated spring constant ratio using estimated model

parameters By, Bu.
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HB. TOF NS, BERE 3 I3 RERNEILTE
LELUERETHEL TWA T &b s, 0z, &
AERLED 0 ISEVEDHEE SN TS, K 4(b) &, EA
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DL Fy MRS NS, COLEIREEICHIET 513
RO 72578, XEfitts KE<RD. K4(c) i,
FEN1IDPORE 1 ZZEEL RSB LD Fy LHE
EENTZETIWIISTA=ENLERLIESTHS. EA
1D FyiE, #RE@mh2ibd s e, Rgosgaate
BHATNCZ L L TWS. #RA LI REOE&mZRITN
UGBTIV K D ICERR U THA LIER, 2ok
% Fo WiBCR b, ADHEORRERIEIHEEINzEH
ZbN5. ORI SZIEE D, WEENEEE T2
FETHHIGEERE KRE L B2, SHEEaLbe
WIS | ZAHDEENEC BN H 5.
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Fig. 4 An example of actually sung signal Fy(t) and Fy contour

y(t) derived from the estimated model parameters.
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MRS OMTS ETINCE D ERIEZ D5 | ZIAH DK
Mzt L, 5IXARZER LIRSS 2GR, XY
5T k&, HEZSEIGEDL KD Fy ZHlEd % C
LA D. 51 EABHERH LT Fy flE O ZX 5
WCRT. £, BELERIE V() Z2EE L ah S g L 72k
B Fy MBETIVISTA—2 0 = {a, By, v} ZHTET 5.
ZTD%, ETIWISTA—=20 &, BEFITHEI TN E
R T(t), FEREER U ) H S HEHICZEEX & 2Rt
WIS T 5 HEE mRI Vy(t) ZEKT 5. ER LT Vg(t)
K> THRFEZ AL, TRIEHICZIES Y52 L CHIES
m T(t) ISED K5I Fy Z2Hili#d %.
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BHEHH L THESNIZET VAT A—20 =
{a,Bu,Bv} &, HBENEIEE T B EE T(t), ZEFENH
U(t) 25 BECEAIETE 8 V() ZHEE T 2 J5EIC DV TR
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IR, IO TR s &2 2 I BT 51551872
DA s~ (1—27Y)/r KEIMZAZEWMTHS (1, &
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Fig. 5 Framework of F}) control system.
§(t) +ay(t) + (Bu + Bv) y(t) = BuU(t) + By V(t) (4)
%RIBA A EHT 5 &,
azy(tn—2) + ar1y(tn—1) + aoy(tn) = BuU(tn) + Bv'V (tn)(5)
2135, T2I2L,
as = ¢ a1 = —p(2p+a),a0 = P> +ap+fu+ Py (6)

TH%. TTT, p=1/r, Ths. WEHZEZL5H
HEE V(t) ZRDBTDIT, y(t) Z T(t), V(L) & Vg(t)
ICEEHZ, Ve(t) KDV TRL &,

%@n:7%{%TmJ+mekn+@TmﬁﬁfBMNmn (7)

3%, Ko7, FEEEW U (1), BREEEE T(t) L5308
FICOWTHEE LTz OMTS 7T XA—% 0 bl
B Vy(t) ZERTE 5.

WA G AKIE, Griffin-Lim O STFT ¥ [17) ZHWWT
HFEAZE LA UTz [19]. Griffin-Lim O K18 STFT i1
IR ART FVICAIHZ IS 2 C EIc k> TEEES %2
LT B FETHS. JLETRD Fy Pk ZH LTz Fy
PO LIS U TERERE IR AR Y MVEREMEL, AR
MVESSZ B G, (TREOEAR I U 7 ki
AR F)UIC Griffin-Lim O STFT 72 WO THitH%Z
9™ % 2 & THMD Fy iz DSB8 E5Zzam L.
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ONTA Vol.10 D CD ICUERE N TV 2 T O DR DM
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2. P22 LRSI 2 2 UZa Y ke (FH )

3. P22 L HARHUE 232 UZs Y S ke (R )

5B, WIEFICRIES S LEEEANY RRVZ@E L
Tz,

4.4 FHHmSRER

4.4.1 FHMEAE
REFEOHNEZFMT 2720, HEEEZZIEL
IR BHRIE LT O Fy LRSS s 2 ZHE L ah S e
LR D Fy 7 IS (T) &0 RMSE (28 (8)) Tl
ERAR

] =

ﬂﬂﬂﬁdé (Fo(tn) = T(ta))” (8)
n=1

COMEAVNE W E, HEEER & DO FEANNE V. D
F0, AEEEIOENWT EEEKT 5.
4.4.2 EKRER

Fy OHEE K T OMTS £T7)V/8T XA —Z OHEEITH T
LRSI 3H LR TH S, FERICTIE 4.3 filCBNT
RUTEINER T — Z DI LA S 17 # (8 /NEi5y) &
L7z.

BWEEICH U CEIE L7z RMSE %X 6 12”9, X6
M5 8 %4 5 HIIFARES 2 ZE L 72 /i hVINE W RMSE &
BoTWBT Ehbhs. LML, D 3/ TIEHES
ZHET AT LIC KD HIEERZIER X D RERMEEEZ->TL
ol HEEEZEEE g U TR 2hER O RMSE »
WD UT=ae3, ¥inLziiEs, ZhZTho F, o
flZX 71239, K7 (a)(b) & RMSE AMd U 7 g4
2D Fy Bk, X7 (c)(d) & RMSE AN L 72 #mE#& 1 0
Fyiicdhs. WEH 2 DA, HREEZIERD 11~15
BXEOESZbIcB N THESEE b KE N Ry
Lo TWVBDICH L, FHEEZEEREOE X Tl H S
FENSE DWW B E NS, WEE 1 056, BiEE
ZHERE D 15~18 X RIC B\ T B @ISEW Fy D
HENZH, FHEEAZRERFOR XL T HES & 5K <
Aniz Fy DhBEIIE NS, JEHE 1 D 15~18 BRXRI T,
FBELE D Fy D HAEE S b RELNNS. Do)
REENFEZICHEINEVE I KL RET R L%
Hilid 22T, HESEEXVEW Fy Lo EZD
N3, WEE 1LIX3HOEANL EFE—-ANITHD, 3HiD
RIS BV TRZEEE S OZL L XD N 2T %
EVIEERMESLNTWVS. KoT, TOWEHIFHIES
B REINND Fy O ZZHE L 7250, BEERE
FEICHIET 2 X RDIEREBNE &5 L HEHITE 5.
T D=8, FHEFZHERICIHIT S RMSE WAk&EL Ao Tz
EEZILND.
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B2 32T T2 2 & DB 2 MBS OO RIES A2
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BHIIHEEZTOTWT Ehbhoiz. ZT T, &g
BHOG|EARDR 2L, hEOWFEZZET S L
KBRS S e ok, ZESE5TLick
DHEESISED K H1C Fy ZHliEs 2 FikzE Lk,
AHSER T X, S 2 ZHELED SR L sl D F,
CIAEE R ZEE LN DB L D Fy 2 HEE O
Fy £ RMSE TiliiL, #FEEmz2hid s & Tl
8 4 5 44D RMSE Wi % &0 D fERZ1G 2.

LA L, HEHCX-> CEFEEE 22T 5 & TH
EEEN S RELNN, RMSEDMEIMLTLE -7 20
JRRE LT, SHEZOLZARORMEER L TERL
fema g M HEE S b RE NN, BiEEE L
TE 2 eEMBEF N, T ORBERERRT 5 7-H1CiE
U7 IWEALT Fy Z0ML, ifEEmaEls5T &N
WETHBEEZIBND.

BIEE  AWITUE, REARN RIS M O BRI H RS
HEfEHYE CREST IC X DiThhik.
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Fig. 7 An example of Fy contours of the actually sung signals when the subjects sung

while listening to target sound and guiding sound, respectively.

Dotted line:

original musical score U (¢); solid gray line: Fy contour of target sound T'(t);

solid blue line: Fj contour of actually sung signal in each conditions Fy(t);

dashed line: Fy contour of guiding sound Vg (t).

J. Buck and E. Buck.: Mechanism of Rhythmic Syn-
chronous Flashing of Fireflies, Science, Vol. 159, pp.
1319-1327, (1968.03).

T. J. Walker.: Acoustic Synchrony: Two Mechanisms in
the Snowy Tree Cricket, Science, Vol. 166, pp. 891-894,
(1969.11).

Z. Neda, E. Ravasz, Y. Brechet, T. Vicsek, and
A L. Barabasi.:The sound of many hands clapping, Na-
ture, Vol. 403, pp. 849-850, (2000).

WYL, T, MR BRI 2 EARJE R
D FFABRGICEI T % BT, HAE B 238 HE SR,
2-5-13, pp. 913-916, (2008.03).

T. Yamamoto and Y. Miyake.: Analysis of interaction
in musical communication and its modeling, Proc. SMC
2000, Vol. 2, pp. 763-768, (2000).

JNBF S, BRI, (LA SRR B ) L -
JER RS | & AT DT, HAE B AR S, 2-1-5,
pp. 1017-1018, (2011.03).

Y. Kobayashi and Y. Miyake.: New ensemble system
based on mutual entrainment, Proc. RO-MAN 2003, pp.
235-240, (2003).

M. Kawagishi, S. Kawabuchi, C. Miyajima, N. Kitaoka,
and K. Takeda.: Analysis and modeling of entrainment
in chorus singing, Proc. ICASSP 2013, pp. 77957799,
(2013.05).

H. Fujisaki.: A note on the physiological and physical
basis for the phrase and accent components in the voice
fundamental frequency contour, Vocal Physiology: Voice
Production, Mechanisms and Functions, (O.Fujimura,
ed.), Raven Press, pp. 347-355, (1988).

T. Saitou, M. Goto, M. Unoki, and M. Akagi.: Speech-
To-Singing Synthesis: Converting Speaking Voices to

© 2014 Information Processing Society of Japan

[16]

[17]

[18]

Singing Voices by Controlling Acoustic Features Unique
to Singing Voices, Proc. WASSPA, pp. 215-218, (2007).
N. Minematsu, B. Matsuoka, and K. Hirosse.: Prosodic
Modeling of Nagauta Singing and Its Evaluation, Proc.
SpeechProsody 2004, pp. 487-490, (2004.09).

H. Mori, W. Odagiri, and H. Hirose.: FO dynamics in
singing: Evidence from the data of a baritone singer,
IEICE Trans. Inf. and Syst., Vol. E87-D, No. 5, pp.
1086-1092, (2004).

Y. Ohishi, H. Kameoka, D. Mochihashi, and K. Kashino.:
A Stochastic Model of Singing Voice FO Contours for
Characterizing Expressive Dynamic Components, Proc.
INTERSPEECH 2012, (2012.09).

Daniel W. Griffin and Jae S. Limarticle.: Signal estima-
tion from modified short-time Fourier Transform, IEEE
Trans. Acoustics, Speech, and Signal, Vol. 32, No. 2, pp.
236-243, (1984).

H. Kawahara, M. Morise, T. Takahashi, R. Nishimura,
T. Irino, and H. Banno.: Tandem-STRAIGHT: A tem-
porally stable power spectral representation for periodic
signals and applications to interference-free spectrum,
F0, and aperiodicity estimation, Proc. ICASSP 2008,
pp- 3933-3936, (2008.04).

RATHEE, Faealfl, REREAH, B 751, MIEFFIK.: Vocal
Dynamics Controller: #{F D FO BifFEZ / — N HAL T
WEL, ANTES A 2T 2 — X, MHLIRE AU
#, Vol. 2010-MUS-86, No. 9, (2010.07).



