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v.Connect : A Singing Synthesis System
Enabling Users to Control Vocal Tones

MAKOTO OGAwA |, Syunst Yazakif! and Kokr ABef!

Since the release of Hatsune Miku, interets in singing synthesis increase. For
example, a singing synthesis system, UTAU, has been developed as a free-
ware. Most of these systems, however, lack of the function that users can
mix vocal tones at any times. Controling tonal changes in singing requires a
large amount of time and data for synthesis. We have developed a singing
synthesis system, v.Connect, which connects corresponding phonemes with a
time-stretching function to enable users to control tonal changes in singing by
specifying the rate of voice morphing. The system processes voice signals with
WORLD, a voice synthesis and analysis system, and uses corpora of various
tonal voices consisting of Mel cepstra and excitation signals compressed by
Vorbis. We constructed a corpus, ”Namine Ritsu Connect”, using the proposed
method. It was found that the size of the corpus was two times larger than that
of raw waves, and that synthesis from the corpus was 1.7 to 2.2 times faster
than that from raw waves. Degradation caused by compression was not sensed
subjectively.
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2. v.Connect

Ky AT NIBAEARM > — 47 % Cadencii® L TEMET 2HEAKETHS. Ca-
dencii 1% Cadencii 7r =2 ! NTHESNTWAL—T Y =2+ VYT by =T Th
%. v.Connect 1%, Cadencii 7B =2 NNTH—T V=R - V7 by =T L L TR
XOE—FEHIT LV ENT-. AFE X Cadencii & v.Connect DEEZ R 3.

2.1 Cadencii
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SiEiciEsE S TR Y, VOCALOID, VOCALOID2, Sinsy*?1A1} MusicXML, UTAU,
AquesTone*® v.Connect 72 EEE O E AR 2 H /A5 GUI T Y r—3 3 T
H5.

Cadencii D#EFHEE AR 1 1277, 2—FE EHOET /e — LRI TEFOS X,
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1 va
Dmsh | Msten

1 Cadencii O #fEmH
Fig.1 Screen shot of Cadencii.

*1 Cadencii 7’m ¥ =2 b http://sourceforge.jp/projects/cadencii/
*2 Sinsy - HMM-based Singing Voice Synthesis System http://www.sinsy.jp/
*3 AquesTone - #'EE A VSTi http://www.a-quest.com/products/aquestone.html
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Fig.2 Block diagram of v.Connect.
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2.2 v.Connect

v.Connect ORFE %K 2 |2/~

v.Connect 23511 Ht 5 AJ) (Input) X VOCALOID2 HDEZEEHIZ v.Connect > =
Y Ra— ARG AR EBIM LIy — 7 U AT S, Cadencii 12— FBNAS) LIz WA
WEA, RIEART A X, FElER: E v.Connect DY —4 o AZAH L CTIEY. v.Connect
BIANEZITID L#GE 2 — S22 BB LARNR D, FHara%R WORLD % W\ CHE
7 (Output) ZEKT 5.
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[EffETd D OggVorbis™ 2 5.
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ARFETIX v.Connect BEMAT 2EEOFEERE Uiz 23— S ADHEEIEZOWTIERD.
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FHEE DIOY |, A7 M EEHEED: STARY |, (s S4iHE PLATINUM? 75
5.

PLATINUM (3, Yy Fv—7 &hiz—EXBOGES o) &, KEICHET 587 —2
A7 M AOBMIARISE h(t) 725, MIFORIC L W RIEE S A< ML RW) 2k 5.
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OMEZE 3 I1TRT.

X 3I1IZBWTC, £ERFOEFEBIZETEF O EHRE WORLD O4#ri % AT

Vol.2012-MUS-94 No.10
Vol.2012-SLP-90 No.10
2012/2/3

i«:;g*; BhEES

ZRERIL (o

Y Y
(FFT ) vmmMEs (rrmmszg) ( FFT )
YREESHEE §

[Vorbis Encoder] [ IFFT ] [ IFFT ] [Vorbis Encoder]

ERTE
|

ey sl ek R 2

3 ST

Fig.3 Block diagram of v.Connect’s analysis.

FO, A7 buZS5h, HEESASY MUCERIND. 20%, A7 hnr 56k
(S ART M EZENETIRIR A VT 7 A R F A, Vorbis (2 X 2 HE#E S =it (s &
BIEA~EHT S, SBIT20L EDa—R2&HAT 5720, BENFE—DOFHER T LI
RIS A B G 5. WERIPHERASU IR EN R < D il ~ >~ F o 7Ic k- TR 5.
7B, FERICEEND FOHRIZITAR - BFXEERLEEN TV IR TN TEES
5. ZTHUE WORLD Dy FHEE O RRCCREHIMER A A - EAXEAERERD Z L1
LB, BHEE—T A TDERC ) A XL LTHERADEERRKE WD THD.

3.3 BFfEaiERE M ORE
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S, #Gil, ©7 77— MREEFO. RERNTAXEFIET T MORSE, €7 T — MEE, E—
T4V IEBRINGRY, TRENEERF p(t) DB TESND.
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EREBETS2 2L E2B25E, H(s)IZLD FOALERET WL QPEHOESICHEML
TELHT, HERICHISLEBENHELW. ZZCTUTOX I F0F fo(t) ZERT25. n
FEHOEHFOMNE, BE, B, "AFX AV NE, FLFXAVRORS, ©77— 1 E%x
() gm0 gl 1) OB nnete £ T D &, fo(t) IR TRD D

por; Upor, byip»

Mnote

log fo(t) = log fun(t) + Fau(t) + Y Fiox(t)
1=0

Mnote
log fuin(t) = log fuote + Z Fi(®) (7

i=0

(n) t(") <t< t(") + l(n)
log fnote(t) = f ( 3 - )
0 (otherwise)
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Fgo(t) = (log /") —log fumn(£)) (5 (1 — cos 65)(1))
~dyar(log fD —log £™) (sin 041 (1)) ®
FR) = d@t)sin6)(1)
1 . . 1 .
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L, 05 (1), 0 (1) T O L 5 ICED 5.
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0 (otherwise)
O5d(t) = 65 (t) + 05 (2(t™) +1) — 1) 9)

t
/ s(r)ydr  (to <t <t™ 1)
ty

0 (otherwise)
D A L I e ALy Loy (5

o) =

ZIT, d(t),s(t) BENFRET T — hOES L ET T — OBETHS. HBRBHIHE
B)/% Wen-Hsing Lai (= X % Mandarin Singing Synthesis'? THW S TWS & D % fi
LTWa.

4.3 FBEHE

KU AT DIBITLEEEMFIERAMOEFE—T 0 7L LTEBSND. BE/FD
TENCHHET D ERAT DI B, LA RIT 22— DA L7z BRI 8T A X L bil
W BRI RIENT A ZEFOERT L ZFBITEWERI D2 02T —T7 4 I3 5. F—
T4 THATEE—T 4 TRII BRI RNT A NLROTMEEER L, S4EMICK
LR EFRNORRMEE, T =27 N EFIEROERADE I CHRIEMIZ1T .

AL AT LAOFAREOHELR 4 \RT. HIEHFNTORZ ¢ =t —t™ 2,
T—T AT EIT) 2ODEHFEN A, BOMETDRA ' 4, t' g E—T 4 U THEINGRD
5. BERFALEFENBOBRIEIEFERNT A X% ba,bp(ba > bp), HATHEES pa,ps
LLizb&, £—7 427 b(t) ZANNO BRI ST A X Offi% poa(t) & LT

m}?ﬁ% (b5 < Poui(t) < ba)
M=y o (poi(t) < bB) (10)
L (Pori(t) < ba)
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Fig.4 Block diagram of v.Connect’s synthesis.

ELTRDA. WICA— B ORERMBHEESE Tap(t) & L, TOWEK T 4(t) ZHNT,
A, B \ZBT 2 EFE N TORIGRZ 2 R TEBIIIRD 5.

(11)

Va= b +pa)+ (1 bO)TAAE +ps)
Vo= (1=bM)( +ps) +bH)Tan(t +pa)

ZIT, pa,pp l3EFRA A, BICHIET DETHEETHY REMEZMEL TS, H5
NI ¢4, t' p TR DT = AT ML EZNEN Sa(w), Se(w), WEEFEE %
ra(r),re(r) &35, BEIZERITANDRT =27 fL S(w) EHREZETE r(r) X
Th<h,

log S(w) = b(t)log Sa + (1 — b(t)) log Sm 12)

r(1) =b(t)ra(r) + (1 —b(t))re(T) 13)
EEHBOZTMICLORD D, B—T 4 T SN —Z7 bV, hEEES] S(w,t),r(T,t)
E—OOFERRFLLTHD.
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Table 1 Recording environment and contents of Namine Ritsu Connect.

FERTE B IS
U HEAT VCV &## 7
ISk 955 i
~A 7 Audio-Technica AT-4040
Audio I/F Roland UA-25EX
N5 T v — S RGEE I U SG 2000 RT
ANGT T AT BORITEE 32 kIt
OggVorbis 64kbits / 44100 samples
gk ey B4(493.9Hz) | F4(349.2Hz)

4.4 KEOBERK

AT CRDOIZE—7 ¢ VT HROEHR N TR TORBMMEZ AW THERIND. &
FH DOIATHEE lpre = min (pa, pp) (ZH LT, n &HOFFITHT 5 HHEH OBLE
ti) i =t — lpre 23, JEATHORK THEA 7D 11070 LA ThH DA TR > TV D
DEBIEMET S 2 L CERRLEER TS, S VRO T -2 T ML LG
BARY ML, BLOAER SN FO 2 WORLD OARBGHBIZE 2 KE 2 HEaKT 5.

5. VRTLOWEARRE

KU AT hOFOBEEEEEZ R 5720, 7 ~F a2 7R FORFELZIER LA E
1Totz. FEBAICER LZBFE 3 — S ATEF Y Y ax 2 M ELTaABESR WA, A%
TGN, a— SAORE, AREE, HAOOFBRFEHC W TR,

51 RSB

WYY axs ML, TEV) THE] T8V o =FEEOFRGEZEEL THE Lz —n
A ThD. NENEER LITRT. ok, BlREBEMEIEMT 28, OggVorbis ITIEA
LA % 44.1kHz OFFIZH1F 5 64kbps OFEEE H /2728, 44100 > 7 MKkt LT
64kbits L KL LT 5.

IEKIE 6~T7 F— 7 OMEZIRIEK 150 75 % 3OS AETEL, —ET K (2mora/sec),
FONTEE v T, K60 FEOEBMBHED T TIT o7z, F5 IAEALE M 5 48kHz,
wEbE Y Mk 24bit TIER L7720 H, BEARILER S 44.1kHz, w1 E > NI 16bit ~4

*1 http://hal-the-cat.music.coocan.jp/ritsu.html
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£ 2 2ms H2YOF—FBEOLE (B byte)
Table 2 Comparision of data amount per 2ms (in bytes).

Jt7—% | WORLD ##i# | v.Connect 53474
W 176.4 - -
AT h Vv - 4096 128
bS5 - 8192 #9200
Hit 176.4 12288 # 328

£ 3 FEATIFMHILEL
Table 3 Comparision of synthesis time with WORLD and v.Connect.

CPU WORLD(sec) | ##ETikE (sec) | Al v R
Celeron 1.73Ghz 89.1 40.4 1
Core2Quad 2.80Ghz 39.6 20.7 1
Core2Quad 2.80Ghz 22.3 10.5 2
Corei7 3.50Ghz 22.9 13.1 1
Corei7 3.50Ghz 11.6 6.6 2

TN T B ToT Wk LTS E ISR UFEE THRITRE R 250ms, %K 500ms
LB 9T TA A N LERIONTEIT T2, ~ v T 7B DIRIEEE 2RO 537
AL m=1024, BOEERDDHNT AL N=8 & L.

5.2 a—/1NADBE

HRIATETOW I D 2 — S A TIHH 210MB 72> 7Dkt L, FHiohrtk o a2 — 32 Tid
) 430MB L2 fFIcB &2 67z, WORLD ICX B0 CHRLND AT ha s T uk
G FIC K % a— 2D E &I 14.2GB Tho7z.

2ms 5y DT — X &, WORLD O#r TR LA, v.Connect D30 T LA
KR LB EOT— 2 BOEER 2 17T, 7272 LEOENLE byte TH Y, WORLD
& v.Connect IZB1F 55877 MEiX 2ms & L7z,

53 EITRE

KRUAT LEVER (523 &) O—F, M3R2BOI—F 22 El LEMT 2 K
FRIE L. BIEOHREZR 3 1T T

KU AT BD A=Ay & WRICE & 2 WORLD O 2170 7R3 AR LI- &
CIRBFIETHRERZ I L2 25, WEAHEH LG A L iR U CRREFIETIT 1.7
FE~2.2 fEFEE SIS B R S AT,
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5.4 EHMEME

B (D& L] O—FITH LT, TRTOEHORLE A MEEZEHFRED 20%, KL
HANOWEEE 8% Li=T—HIZ, BRI ST A 4% [HH] 7 1850 ) OFPHCTERK
EINDEIFEECIVMMUIZT—%, ®wiZ [HH) oFBRERsNsT—4, ®IiZ (5
W OENERENDT—HD320%, EfiLIza— AN LA L6 0 LB bEE:
B LT DD 2 >3 6 8 &2 VB L7-.
EHEOFEBICIIVUIER LTc 2 — AR B B ENTEF L, B AR SN EF &
DETRD LN otz £, FEEZLEBRI AT AZIZRH-TE—T7 4 T &iTbR
TWD I E MRV TE. LA LE—T 4 7 &R LB R CIluic eI >
L—RZONW TRV BRICHMZZ 2P RERICHZ 228 bH Y, £HT—7 471
FOEFERHIELIEE S ICHZ 2 28EFib o7, BiEEE—7 4 V7 ROBENTEXIC
LB LD THEIREFTANEN &, BEITE—T 1 L IRBRAIC L 2D THDLZ &
DRRE LTEZOND 2D, FOEERIETNEE—T 4V ZIEIZOWTRET D44
BRHDHIEAD.

6. BH Y I

Z—YPREEABRIEE ATREIC T D G akes v.Connect ZIRELBX L. T~F a7 &
MERFIC L VIS NIZFEBNOFREND, BEFRE—7 4 ZICL Y a—VREDE—7 1
VI EINSIEEDORAE SR T AOICHE L a— R AR L. REE SR DD
=T 4 UL DR, MR OB LT D72, 23— 3221 WORLD (2L 5
BT —Z INBARK A VA T A T bk OggVorbis (2 & B #EE BRTICER L7=b D%
AL~

JERE ST a— SRIFREEFWEO 2 FIH S 28R 6, GBI AT ALY 1.7~
2.2 ERLE L 7r ot ZOIEMEIC X BDHIMITEBONITRE Se oz, £, Ky AT
ANBELNEZAKRETIE, TFT—7 07 2HnEFaBic kv £HAOM LR
HDOENDIR, =T 4V TRIZEL > TIRARREFRRERIND T Nb 5. ZiUTt—
T4 TN TTH B Z LD, Ta~r FOLRANEND Z LIk DB
LEZLNS.

SBIIEFRE—T7 4 T ORBEOM LA BIET L & BT, BFT— X2 LD FEAERELT
T < &Y FRICEEMNTI DT D BAIOERS LTS 5. £z, GRUREOFHE b
TITo TP I T2,
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BHEE K RT AOBRFITHBY F1N =72\ - Cadencii 72 =7 h @ kbinani £, =—
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