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Construction of an acoustic model specialized for analysis
of high pitchs and long tones in singing voice.

SATOSHI NAITO?®  YASUYUKI SAITO!:P)

Abstract: The purpose of this study is to construct an acoustic model trained on singing voices. For the
construction of systems such as singing voice synthesis technology and scoring technology for karaoke, it is
necessary to analyze the characteristics of singing voices. In manual phonetic analysis, it takes a great deal
of time and effort to correspond sentences to speech sounds. For this reason, automatic annotation tools
have been developed. However, the acoustic model attached to the tools is trained on spoken voices, and
the recognition accuracy of singing voices is reduced. In order to solve the above problems, we construct
an acoustic model trained on singing voices using hidden Markov model, and compare and evaluate it with

conventional methods.
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Table 1 Types of phonemes
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Fig. 1 Structure of 3-state HMM
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Table 2 Tools used in the experiments

e PEYZ2
A=V &l spleeter [6]

Z OV G - R WaveSurfer [7]
R, HMM fER HTK (8]
HE)7 /5—vav

Julius segmentation kit [9]

x 3 KOS

Table 3 Conditions for feature extraction

ESLaE v FAFDfE
FEAAL A 16 [kHz]
INAINAT 4 VR 0.97
VIR NIVIRE
TJUV—LE 25 [ms]
AN E| 10 [ms]
TAIVENYT 24 F ¥ )b

HMM % left-to-right & 7L & IECY, HREEE 3 © HMM 1
1O&3IzLTEREINSG. Sy #YIWIREE, Sp 2K TR
BLT2LE, i FEHOWRES, &, "FA—22LT, K
RS 5 S; NDEBIER o

ai; = P(S; = 5j) (1)
&, BEPOHEINIZREART bV w, OHEIITER B,
Bir = P(wy]S;) (2)

ERoTWa. F£7-, HMM ORI O FERHMED
NZ— 2 GMM (Gaussian Mixture Model : & & IEF 4
) ZHAAATEE DD GMM-HMM TH 5.

FRED & 5% HMM DR DREEESHER B L MEEHH
MRLEDIT A—&E, Baum-Welch 7V TV XL [3]
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Table 4 Musics used in the experiments

S R it 2 ERE R

No. %h#4 No. %ph#4

1 KEOLTIVA 3 HORO (MEFIEHED AH)
6  Funky Life 7 PROLOGUE

9 MR 13 FvvFR—L

11 AW 16 Game of Love

12 KAGE-ROU 17 Hil-LEZXT

15 old fashioned 18 True Heart

22 RITHHLMMICET 25820 & EDEOBRH

24 it’s all right 21 Feeling In My Heart
29 One Two STEP 25  tell me

32 what could I do for you 28 Fly away

N #0525 D F 75 BRI R D HE e kG B & IEMRRH & DA
WM L CTHMiT 5. 22T, yp 1k BHOEHEKED
BAGAHE R A, ¢, (ZIEMERAI %2 R T,

N-1
L= |y — tl 3)
k=0

£/, BEETINVOMBESRMIZBENT, LEYREEE
TOLOMEEIZ LD, BERIZKBMUTEROMENEE 5T,
MAREIRONRVWEEVEZONE. TOOEEE
FFALOMREDBIZOWTIE, & (4) TR, NED
D FEFE BRI L O HEERE R & EfRREZ] & DS YIRRE R
M Love T, 1 H5HEDH72 0 OFYIEAEIFECHMT 5.
1
LMK:NL (4)
HMM OREERZ M & L7z b &, 8T FILO KL
fEe LT, (1) M=3DHA, 2)M=4054, 3)M
=5 DHFEDEXITHL, R 5ITRT 3 DO HFERFHA
FSA—REMEDEMAGHOETHFHINLZESEET V%2
HAEL, /kodER (MGEH) TFEIn-E8ET
)V Thmmdefs_monof_mix16_gid.binhmm| [5] & DHFEIZ
BUIE7/T7—Ya EEOREK - Fli2175.

4. RERFER

SREIOFEFRTHWZ PC X, CPU Intel(R) Core(TM) i7-
8700K, AE'Y 16GB, Windows 10 Home T® 5. %
DR 15~30 [sec] FE T 100~150 flHIE ¥ D FHHEH
GEhdrE, 77— a VBRI 0.5 [sec] BT
Hotz.

4.1 BEETNICL2ERHEEDREDLLE

1 BEAL TR EMIZE T IV OMERE % HI 5 leave one out
FZEX O BONZRET VO YA RMEZL 6 (TRT.
#£6 &0, FBIRGTENE W IE E YRR AE L o
TWBZehWbhrd., Tz, KBNS NI EERER
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Table 5 Acoustic feature parameter conditions

NTRA=RZ NTA—=RXDRTG

c1 MFCC @ 12 ¥Rt & Y87 — D& 13 k7T
Cco c1 12 1R#ES (A MFCC) %A 7= 26 IRt
c3 co \Z 2R#ES (AA MFCC) %MA 7= 39 ¥Rt

x 6 ETFINLOMEREHE

Table 6 Model performance comparison

HMM D R SRR T T —Y a VLED
R M 8T A — X5 K] [sec] BRERITRILL 72 284l
a1 0.173 -
3 ca 0.088 -
c3 0.075 -
c1 0.145 13, 15
4 ca 0.071 -
c3 0.050 -
e 0.110 13, 15
5 co 0.060 13
c3 0.043 -

s
2
=
&
S

TEETEETIL 0308 -

speaking voice model
singing voice model

Total Loss [sec]

O ) o o) ] ) o) ) ) M
o Pe) RS A Q’X\' 0/\‘) 0/\9 0/7:5 0/7:\ 0/3’& 0/3‘9 0/&0
E RN SN - SRS\ T S
Phoneme Frequency [Hz]

2 EEIC X DI L DL
Fig. 2 Comparison of total error time L by treble

fINEL o T WL Z b5, L L, HMM OIREE
BM=4 1282 FE8RBNTA—XEMD e, DEE
12200 No. 13 £ No. 15, HMM OIREBHE M = 5 2B}
5 HEBEEON T A — MDY ¢ D& FITHH No. 13 &
No. 15, ¢y @& ZIZ%l No. 13 OBERIZEKL, 7/
F—YaVvENEESLo7-. TUT, WEITHLT
ZREUFETTVIE, CNERKOFTEETLLDE
SERAEFRIAYE VL & W S FEER DS S .

#6 &0 HMM IR M = 5 THERH AT A —K5%
fcs DEEET IV, HEEWEREEZML DD, WHMZ
RoTWVE7D, UBIOERETEHEIN-EEET VA%
AR LOFEETIV] LIEE.

42 FEFHLOBEBETIOREICHT DHEMRE
PAERMLDEBE TN EMROFFEEHET N EDEHR
DFEFEIZ & DIVFRARH O L2 X 2 1251”9, 7L,
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I speaking voice model
1650 EEE singing voice model
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Fig. 3 Comparison of total error time L by long vowel

BHFEDSH [6ilS], [silE], Tspl id, FEERIZHEF LRWER
ThD7-0, MEERE» ST TE2EDETE. 20
225, HROFEEEE T IV PERLOEEE TV
1E, EBHITHERDOFES ED 200~239 [Hz] THGRARFHA
V=2 b, GEEEBET IV OMEARAD 370.19 [sec]
2 U CHRFERHE D BT 7OV ORMFRARFEIE 53.19 [sec]
Thb. UEoZenrs, E—IRORFREOEEET
T K BARERAE I IR D FR A S B E T )L DOFRERAE R
F0H 14 BITMEONT VWD Z Lhbhd. £72, H#
DFEFE A 240 [Hz] PAREBRECRDOFEH HEE TV X 0 #HE
Fr b D EEBE T IV O PREBGERHEP TS Z en o, &
HICET RS E L WA B,

4.3 FEFLOBEETIOREICHT DHEMERE
WHERMLDOEBET IV LIECROFFEEET NV LD EHR
DFFERIC & BMEERMOKEX 3 12RT. 2663
= MERE D LLIRIRE & [FIBRIZ, HFED S B TsilS), [silE], Tsp)
WEBL T, FEBIZREELRWEZORNTS. 20K 3 »
5, FEROFEFEEEET NV EHFERMLOSEET VIZLE
IZEFEDFEFEED 0~499 [msec] THRGRARMAE — 2 &
IR0, GhEEEE TV ORIAERHAY 1960.53 [sec] (23X L
THFERAL DO EHE TV OMIAAR X 214.31 [sec] TH
5. DEDQZ NS, HHEEMLOEEE T IV X SRR
IREF X HE SR Dl 5 2 7L DRI AR & 0 9 12 %I
MZoENTNWD I eAbnd. £/, FFEED 500 [msec|
DBETHiiA T EET VL O HFERLOEEET LD LA
RIS RE S Z &2 5, REICBd 2 HEEMERED
EUZEWVWZS.

4.4 FTEBLELOZEETINDZRIDOHEMAE
TEFHEDOEEETVOEERICIDONVT, #EED T
AR VIFIZ R G FRER T IRT. RT7T XD, H
FHOFBEMEE TH D FEERBD 100 2R TV EH
ASEHRGERMAYE . 72, WEOHES, W53
HEBD 100 KETH D2 0hb 5T, FHMEAERMA
v, 2UT, BERPEEREREDBEU ETH D, F
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Table 7 Phonemes with short mean error time

s EEEFH I g o R
i [s]
sh 121 0.012 HE
t 392 0.017 HE
b 64 0.019 biikE
j 29 0.019 bR
d 148 0.019 bk
k 431 0.023 HE
ch 33 0.023 i
s 150 0.028 HE
a 781 0.030 5=
ky 10 0.031 ¥

x 8 THFEMMEPRVWER

Table 8 Phonemes with long mean error time

B S T T T
IRefH [s]
p 9 0.196 G
i: 188 0.089 E&
u: 116 0.088 E&
e: 165 0.084 B
r 261 0.064 HE
q 61 0.062 e
gy 12 0.057 S
o: 241 0.054 E&
43 0.050 HE
g 7 0.050 bk

PRGERHEAMOFH LD S RWVEAYH 5.

RIZ, WHEFEOEBET VOEERITOWVWT, HEH
ARHEPRVIEHICIAR 725 R 2K 8 ITRY. K8 &b, #
HERBD DL, FEETHS [p) IJMEOEHEL D HK
ESHENTHAERMP RV, 72, BAEOMBEP RS
THLIEED, FRARHPE L EMICH 5.

5. REEE

5.1 RHEROBREAL & ERMDOMET

AR OB E LT, RWCHIEHZRT — X R—A (R
Yoo —5%) ORFES No. 6 D—EBDIEM T VA E
LHEETEETIVIIEBHET NIVAEE OBFREZX 4,
FEfES AL e PEIZEM L 2528 E 5L (HMM OIREER
M =5, FERUST A —REM: c3) 1Tk BHEET VA
B DFEREX 5 IZRT.
WEDOFEEZEETLVDOT /) T—Yavid, M4 Ok
SIZHERME %> THEL, —HORLNZ T NV
LTWAZedbhd., TO—F, M5 3EBOEHE%
B CIEE DBEENMREHEINTWBE Z b,
LU S, EEINIVERBIZ—HLTWS LTV
20, AT, EBEROEK 6 S, 1 DOEEHD
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Fig. 4 Label position by the speaking voice acoustic model in

the previous study

EfifZ ~ L
a: ki

RN A |

JE——

THERHEOFTBET VL DT /)7 — v a UiE
B 5 REFEOTEZEET I (M=5, c3) 12 &5 5 ~ULiE (RWC
MRAERT — A= (R¥a7—F%) 0%l No. 6)
Fig. 5 Label positions by the proposed method’s singing voice

acoustic model (M=5, c3)

0.0043 [sec] DT / T— a ViRENH DB L VWR D, ID
e, T/ r—YaviEeTHEtT A0 TIERL,
HEITOY /) T—Ya v BICKRELEEDD LN %2 TH
TEIETS 2P HE A RA, ARWFZECREFEL 723 IRk U
EEEETIVOBRENLRERETHI LEZOND.

5.2 RERBEOHE
5.2.1 7/5F—>avBEORRBNKRONRE
FEAEROK 6 £ 0, REBEDZ T AR
L B, R BrDRnwe T ) F— 3 VL
OYRIZKMUT LU E S HEI I E /2. Zhid, REHED
ZRBIFEFET-XHALTET, RHOT—XKIT
KU THRIMEREDSE D TUE 52 Z DR TIER VWAL
Ezohd. ZOMEE, FHICEHT ST — XS
LT ZESDSZ L THILTEELEZONS.
5.2.2 BFEEFTILONE

AFETIE, FIBOEEEFELRVE 74 VIR T
#HMM 2E#H - FH Uz, 20—F, ez, £ES
FEZORBDEREZEE LN 17 4 VIERD HMM
NEAET S, FiERTHET25A, e ARUZEET
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B 6 %% [byul DARZ hTZ 5 LADH

Fig. 6 Example spectrogram of the pronunciation ”byu”

‘%."l't W

(NIRRT

B 7 %% Tkyul DARZ has 5 L0

Fig. 7 Example spectrogram of the pronunciation ”kyu”

HoTH, HLHBDOETRIZL > TIRENEDL S, fil&
UTHE lbyul DARTZ v s I L%2K 6, 5 Tkyul O
AR MaT I LEM T IZENENRT. [byul & Tkyul
WEELH6HEFHE lul BEENTVEY, FHLBETS
FRTIE, SORMENERLZZ b2 E. MEXD, b
T4 7 F THINK 75 A3 5 Z & TRMKE DB
IxEEWMTES. L2L, B/ 74 VETNMICHAEKRE
BO HMM 2 FHT 208N H L8, ARTEZY VT
WIZBR O D3dp %728, SENIEHTERD -7z, Lo’
BrRLTENE, ToRBEOME EAMHFINS.

F/z, X8 NH, BEOEFIXEIRERMMKE LR
LHIEADHERTE . ZhiE, MIVRIZEORESE®»S,
BRI DE 77— 2 BOREE —DDOERL L TH
BRI eBERTIEIRVPEZONS., HEAELUHE
EThHh-o>TH, 77— 2H50EF TSP ET
T570, ~EOERTHFTHHHE L IZRENRLRS.
ZD7H, €77 —FOMPVWERO L NICHETE 5
FAD HMM %2 B&HEET 2 Z & T, #ERSOHEEED
WEPHAMTE 5.

Z LU T, 2010 FELABED &5 GMM D ERFRIE 5 %
DNN(Deep Neural Network) (Zi& & # 2 72 DNN-HMM 2%
G L7 [2. 20 DNN-HMM iF, 205y k7 —2
ZHELZ LT, GMM & D HEFBBERIEADREIILAS. LTz
5T, DNN-HMM ZFHWTHEEETFTLE2ERT L &
TH, HEOMEVLHFEEEINS.
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6. F&&H

HARNTIZ B W TEHE L H A ORI IRz, F
FTIERRRFMEF I 2ETS. gETT/T—>a v
DY —IDEAET B, (EROFEH Gia EIFEA) T
FEHINZEEET IV, TEECHUTUIHEEME LT
LESEWOSMEEARH -7, FIT, AWHZEIIHEZH
DMNZFEY X B WE IR L 258 E 5L E GMM-HMM
EFAVWCHELZ., HMM OREBHE M =5 T 5 0FE
KNI A —RGM cs TWHEIZHNLTFEHLEZLE, &
FDFEFE R O HE G B & IEfRIEA & O Y3 R 1
0.043 [s] LW ORERBB SN, FEEFTEET I CFYRE
B 0.308 [s]) KD HRBEORWVWETVHEETEZL L
25, £lz, HEETHREERIZ U &, WER
LD FEE TIVIER DGR HFEE TV & D KRGRERFHE A
THE-7=Z e omEoifetgErm bz nwrs. %
LT, RERThismMzERLZe &, HERMLDOF
BEF)IERDFTFHSEE T X DRI AN E -
MO REEOHEMEN M ELZEVWR S.

SHBOMEEL LT, 4 HOREEEZRT. 1 HHIZ,
HMM %2 B XEET— A WEWPT L THE. BrR
RMDEETF — R 2 FHI(Z e THARzZE LIRS
Zrizky, BEREBoOBESAGFI NS, 2 AEHIK, b
SATA VA TEEETIVERETLEILTH S, AiF
FTIZBWT, THEROAZERE LT 7+ VIEADTE
ETIVEBRELZY, IOCHBOFTRICEERTE NS
A7 VEAROFTEETINEMET S LT, FHERHD
Bk X EELHIFEI NS, 3 HER, AEEFICHLT,
Y77 - A2E0EFIINIGT 5 HMM 258 E#T 5 Z
LThHD. ~EOFROEFT LY T I - MILEEFOR
Uz DWW TIEBR S FREMARF I NS, 4 SHIEX, GMM D
MeRFHH RS> % DNN IZHE E#1 X 72, DNN-HMM %
THEBETINAMETEILTHD. LEIZHESLEY b
T—212& 0, RBEREOENENSEZ VI NS.
AR ORI, AR O 7 a7 £z
EHMIZISHTE R B2 605, 72770, AL THEE
ULESBEET VLD T )T a UAEIR, Effo X
NOREE BRI -BTEEERST, 1 DOEEHY
0.0043 [sec] DT / T—Y a VERENELUTWVWS., ZDZ
EMS, T/ T—=avBERERGER, T/ T7—ayv
V=V DFEE T R AR THEL - RER LD S EE
FTMHARZ, HEITOT / F—Y 3 vz, RELR
5T IEE FEICEBIERZ T3 EEE AR L LG
PEHENTHDE EEZONS. 51, LLDOIHATEFIZE
BRUZEA LT, R EMEEL 72\

BT AWELIE JSPS BHFER 21H03462 DB % 52 17 7=
HEDTY.
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