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A novel framework for concurrently estimating F0

and phonemes of singing voice in polyphonic music

HiroMASA FuJiHARA, T2 MasaTaka Gorof!
and HirosHl G. OKUNOT2

A novel method is described that can be used to concurrently recognize the
fundamental frequency (F0) and phoneme of a singing voice (vocal) in poly-
phonic music. This method can be considered as a new framework for recogniz-
ing a singing voice in polyphonic music because it is designed to concurrently
recognize other elements of a singing voice, though this paper focuses on the FO
and voiced phoneme. Our method stochastically models a mixture of a singing
voice and other instrumental sounds without segregating the singing voice. It
can also estimate a reliable spectral envelope by estimating it from the harmonic
structure of many voices with various F0s. The experimental results of FO and
phoneme recognition with 10 popular-music songs by 6 singers showed that our
method improves the recognition accuracy by 3.7 points for FO estimation and
6.2 points for the phoneme recognition.
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YTL—=hE, —OD A RARY MVTF T L= N EEE L BP0, BEFRISH
LCHEEZEET AR, ZOETRIHETAITRTOFFILE T TL—hE, §XTD
JARARYT MVF T L— FOMAELEITH LTCEELZFEL, B LEOESVHELE
bDEOLEEZFRMA Lz, FOHEEDO IS L CRA L7z PreFEst 13, %71 —4®DF0®
fEfl % 51553 % PreFEst-core &, Z15 O S REEIA G % ZRE L T FO 2 g
% PreFEst-backend 705 7 % 28, ARFCIEIREFT B CHRERHIAYE G4 % £/ L /0L %
1To T\ 728, PreFEst-backend (33 PreFEst-core M & CTaFilli 2 1T - 7.
ERERT R IITRT. REFRICLY, 10 HoOFHTHEHRMEEIL 6.2 K1 » b, FOHEE
2 3.7 RA Y MEREDSTH ELTWAZ EDbh s, HHRHEETIE, 10 #id 7 fhiCcrbfgg: &
DUEREDS L LT A, HHIZ No. 4 O TIREBETIEIRFEE T VO PEEE TV X
DHEDNE L ZoTWd, BoTHFEETFTAMEDNTLE o TV 525, IREFETIEIE
LLBEBEETINVERIRTE 2O TEENKIFEIZMNELTWAE*2 FOHZEIBIL Tk, 10 M
8 M CHEGE L ) HEEDALE LT A, —J5T, No. 9 ORI, REHET FOHEDIE
RERHT 222 KA ¥ P EKRIFIET LTW5E. CZOREMTIE, HRIHEbLALTWEFSY —8
KEETES>TRBY), ZOXFF—DF0 2o THEL T HHEN L o7, 2O FO HEE
DY D722, FTERBHIBOTH RBFEOTIUREN 4.1 KA ¥ M Ehr o7z, ZORE
RS 5 720021%, ¥ - EOTF DI OEDTF > L — b REML, FhonTr s
L= MRS A REEET 22807 7u0—F A THLEEZLNS.

*x1 HEEFROBBOFT TS T 2 WFEUMT > TL—b e, JAZXAXRZ M Ty TL— b OEEE, 7T L —
FEFV LIRS,

*2 2B, MG B W THRIHMKGEOE TV RS L7234 TlE, No. 4 DAL CiaiMkEE 7V oa &
DHREDMET L, 10 MIOFETHHIUKFET VLD 1 A4 ¥ MEWIEFRZ 57
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F 1 RREOHH S

AR N VEHT I 7)) v TR 16 kHz
(EfEY = — 7 Ly M) A VA 10 msec
JE e HR AR R 10 cent
3 AT W B ek 60-4200 Hz
<= z—7Lv b HR=IVT7z—=TL v
RAREET IV REM 10
MW7 48 a?{ 10 cent
2 o SRSt
AT b OVGHT T TR 16 kHz
(JERER] 7 — ) TA5H) VAZN A7 10 msec
AP Y 25 msec
B NIVTE
MFCC WL 12
AT 4V FINY 7 DRTCEL 24
GMM RE% 32

£ 3 HRE FO ORBHEEOERGEE (ERE (%) | REEOSRICBIT 2 1 &, HEEEL ) PR E L7225
GrET
R R

s < | W | W | e | Fodes | wRam FO 3
No. 4 7 A 31.1** 62.6** 73.57 58.9
No. 11 2 A 56.5 65.6 57.67 71.57
No. 9 5 B 47.5 65.5 43.4 43.3
No. 12 L) B 62.8 76.8 63.97 77.67
No. 6 5 C 51.5 69.2 60.47 80.87
No. 2 © D 69.5 71.6 68.5 86.37
No. 16 ’q D 62.7 78.2 65.47 82.67
No. 7 w E 60.0 73.8 67.27 82.77
No. 18 © E 64.1 73.5 70.27 87.67
No. 14 'S F 44.1 79.1 42.3 82.07

iy 55.0 71.6 61.2T 75.37

*RWC WIER G T — 5 N— 2 1 K ¥ 29— 54 (RWC-MDB-P-2001) 16) o7
R DN OE TN R GRIRL 72880

6.2 FOVEIHIOEHET TOERETE
REFOEHETBREEOWREZRNDL 720, FO DPEHO ST ToHHEHE IR % 51
L7z, TR 3 ) OERSM CREMMix 1T 5 72,
() E&E 1 TEoOGEEITDY, HEESEELZIRED F F MFCC it L GMM T
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£ 4 FO PEHORN T COFFIEOTIER (FR% (%)) - REEOHIIBIS 113, HEEL ) Haed

Ll ERERT
£ i MR | WF | (1) Mk 1| () ik 2 (iii) $egk
No. 4 5 A 31.1%* 33.0%* 64.37
No. 11 5 A 52.0 57.1 63.07
No. 9 5 B 30.0%* 48.4 52.67
No. 12 L) B 33.8** 67.5 69.37
No. 6 3B C 42.6** 50.8 61.77
No. 2 © D 59.1 70.7 70.7
No. 16 s D 57.2 63.1 69.97
No. 7 % E 54.4 62.3 70.27
No. 18 LS E 59.0 66.9 71.67
No. 14 s F 40.4 43.9 46.27
Py 46.0 56.4 65.17

*RWC WIRERET — ¥ N— 2 £ 27 —F% (RWO-MDB-P-2001) 16) 05
B BYERIOE TV R R CREIR L 7S

WAL 7
(i) kt8&E 2 FoO OIEM% 5 2, A OEBROIE DL R, CHEk3) OFETHEEL
7oWFES B MFCC 24t L, GMM CTi5l L 7-.
(iii) /EZE FOOLEMEL 2, AECTRELLFEICLIVEELHRIIL
S (G) & (iiD) 13, FODEMEG 2 TWA I EFREMEOEREFAKTHL. B
FODFEEE, FEETT /7= a vy SNZHKFEOFO 7— 417 %384
REBOMER Y, £4I1RT. REEOBEIL, iK1 LN T19.1 K1 > b, 1k
F2 RTS8 THRA Y MALELTWS, T/, REFEIZL VERIET L T2l %
W ERbRL, X512, EFETIEW L OPORM Tl 72O T LV ZBIRL TV 5
W, REFETIEZOL D) BB Loz EBFRERICBWT, R (& i) & sk
2 (&thii) TEOTWAETL—LaZEBLAEZA, BEZORLEMRT L —L40 52.6%1,
HEGE 2 TIFELCEINENTWA I Ebhorz, JhUE, 3R L HEER A bE
L2 LT, SOIERENALETAIRENS LI EERIEL TV
7. ¥ &£ ®
AFTlE, ZEREOEMDOTWEDEE L FO ZRBHIHEE T L THEICOW TRz, A
FHEOMRI, TEPZOMONZEE LIRESIZIREEO AR MV E, SRS 20T 72
HEAHZLIIHD. T, ANHIEZOHETEOTBMTELL W) TA TS 1tHko
WTW5, RATZEBT L2000k DL L, Bl 52020 % 58k
L, 2OGRDEEL-E2B@BTIEV) T FO—F o7z K07 7a—FidEsn /)
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A X T 2 HEROERT 2720, ERID SMEREAM LS ELILEPTES

RFFER, SHFEROWESHTHNSN S HMM & Ldtlsird s, 24, 7
) —rEE GE) OEFVE A RXDEFVEERL, BETER (FE) o7 Vel
KT AHETHE, HMM G TIE, GBIEFEERTITHObNLOTHERLOREL TS
Wz S/NHTLOERTE oz’ REFIZETL—LTS/N HOHEEFTH) DT/
A ZOEBRT L TENAMIGEEV)HEDEH S,

RIFG DA BELE, FGE2 HBIMICHERT AV AT LARERTALETH L. 5%
X, FOEBRFHAKBLTC, ATV -T2 %2PRL TWLFETH L. BlzIE AfFT
Wo72 s BFEDATERL, METHFLHEOLTNTOFTREICOVTHEIMZHAL THLT
ETHEH. Tz, AT, WEIEETLEVIFIRTERE FO BT LTz,
BRIFET L0 L) MR TEL L) ICT2LENH L. oM, BHIKTE17L—24
MobTrTL—1tE, BEEOTL—L05%5 3RITT Y 7L — MIEERET S LT,
WAHEROEN L ER T2 L 2EXT05,

#E ARWIEO—EIL CrestMuse 72 Y = 7 b (JST CREST) O3 iE % % 1)72.
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