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VocaWatcher: A Facial-motion Generation System for Humanoid
Robot by Imitating Facial Expressions of User’s Singing
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Abstract: In this paper, we describe Voca Watcher that is a facial-motion generator for a singing robot by
imitating user’s singing. It can synthesize singing voices by using our previous VocalListener to imitate pitch
(FO) and dynamics (power) of user’s singing. Although singing humanoid robots have been developed with
synthesized singing voices, such robots do not appear to be natural because of limitations of manual control.
To generate natural singing expressions, VocaWatcher imitates a human singer by analyzing a video clip of
human singing recorded by a single video camera. VocaWatcher can control mouth, eye, and neck motions by
imitating the corresponding human movements. To control the mouth motion, VocaWatcher uses lyrics with
precise timing information provided by VocalListener. Moreover, we extended VocaListener by combining our
previous method of breath sound detection to imitate breathing sounds that make the robot singing more
realistic.
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Fig. 1 Appearance of a humanoid robot HRP-4C.
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Listener [5] (B 2) #BA L THFELZHH L. 2612
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VocaWatcher =72 12FEH L, B—DOREH Y T4 X
7 T SN2 AN DR NFOMUG 2 VT, € DEENE
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RLTERT 5.
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Fig. 2 Overview of Vocalistener that takes a singing voice of

a human singer and its lyrics as the input and synthe-
sizes a singing voice by iteratively estimating singing
synthesis parameters to imitate singer’s pitch (Fp) and

dynamics (power).
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Fig. 3 Overview of VocaWatcher that generates facial expressions of a humanoid robot

by imitating a human singer.
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Fig. 4 A recording scene with the target human singing. We

used a video clip in which a female singer on the right

was recorded using a video camera on the left and a

singing voice recorded by using a microphone.
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E PEETHS L, [Wo K VHEXRIC ] % & oMl 228
L3570, HERFEMO X 9 2B 2 AR O AT
AL L E Y, FR-OEEEN 2T & B Fik
WLEL LD,

T TR, TE B EREEE % H DM
LB ENEE LATEF O AHIZHEEIEE LTo
RICTHZE A TIEBICH 5720, BETOE 7L —4128
WCHIZ EHZDUENH L. LIz - T, BEnfiEH
SEEL7ZMHE L WS Z EHTES, v (R
%) HOB{E»HRE (B 28 L2z s 2w,

KRETIE, EEESITOFEME LT, YEORMEL ik
FTLFHEIZOVTLFHIT A, TNHIFTRT, AEEED
TNTOREZ N T HZ L 2 Mg L THEELL.

4.1.1 BEHOME L DEDHRE (BRBH)

HERESHORMD AT v 7 & LT, =RICEMICHB
BB ONE & ldE (L) 2HET S KWL T,
Seeing Machine ft O EHE R N T v ¥ 7V 7 by =7
faceAPI** % I\ T, KB 7 L — L1281 HEHERO LS
(B—)vfy, v, 9—f) LEOFET (Face land-
marks) DFEIEEISS. 5 IZHREEIE 2 HHEE SNz 1
i (2082 #) HOUHERDOLE, K 6 IHr S 72T
DF &R .

4.1.2 [ERRHE, FRBH

Bl L7z & 912, B0 N OBEFRE I, BIEEHR
ELTHHAML 2 L OMREN 2B XA HFAET 720, @
HORETILE LEOBIDHEETH o 72, 728 21T,

*3 http://www.crypton.co.jp/mp/pages/prod/vocaloid/
cv01l.jsp
*4 http://www.seeingmachines.com/
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Fig. 5 Singer’s head rotation estimated from the video clip of

a singing performance.

6 RFOEAD O M S 7R

Fig. 6 Feature points detected from singer’s face.
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Fig. 7 Overview of iris detection based on the Hough transform

weighted by color distance.

M6 12B\T, MA, B, C, D THIN/MEEIHH I
Jed 55, BURTHWTWA faceAPI (FaceTrackingAPI
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Fig. 8 Relation between pixel and real image in resolution im-
provement by using the subpixel information for eyelid

detection.
PHHEET 5.

L(z,y) = A(z,y) + k- D(z,y) (1)
22T, Alz,y) BT D(z,y) Btz F250h & L7k
DFERERICHYG L, THA20 2 L GEEtom k%
Ho>TBY, ANE{E%E I(x,y), Sobel #HE T2 X - THt
SNb Ly ViEHE [VI(z,y)|, BEBOEELZ I7, p, &
0 M N 7B AHOE (FA00 OfHE) &
AELLTENENLRDO L) ICEIL SN,

A(z,y) — Az,y) + [VI(ha, hy)] (2)
(hy = prcos® + x, hy = prsind + y)

\VI(z,y)| = (dI /dz + dI /dy)*/? (3)

D(x,y) = (1= I(z,y) = I")?, (4)

KL T, TFRHARANTH D720, BEITEEKEL
THIEEE D(z,y) 3E/ 7 0lig» 558 L, & (2) TIEHE
B hey hy DEZ BV (BFEAE) O EOBEFR (v
D) oA, SV RERMBETHTVERHICHEES L
. ZZT, B0 R IFSEASELRYS, BOHL 1,
y \Zxf L OB L A(z,y) & LCRESRL TV 5. Mo
PEp, ICDWTIE, BHEBO®E S HHE SN DM
DFHIZDNWT, HENTEHEEFIEREREEIE CBEOKR
XS CIEBL) L, ROTENL Do 7% ieieny 22 ik
DL LT

COEICLTEONIEDOE~Y Y 7 Lz, y) 25, &
DR p,, py (FNEN HhE y BT BH) 2RO &
I WTPE L7,

(P, py) = argmax L(z,y) (5)
x,y
4.1.2.2 Y ITETEIVIBRIC & B BIEBOHEEEER £
(ER7/-18H)

HIbk U 72 BEE R 2 g 4 A LB A 5, B Mg
FEIE 3~6 [pixel] 2B ol ZOEIIZ, BEOE S
LN ANR— 2D TIE, FR72BHEEOHEE A 7 B E
LOHWEZEHRTEY, RERHAZEYII BT E W
72, 7Y R VIERE W CHEBO SRR E ST
W47 (X 8).
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dxdy
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(By + %y —0)I°+ (b— (By — %))IT
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7L, BAEOEETIE, 4.1.21 THOLNEDFE p,
&, X (6) THOLNZEED y il oL ALE p, & FIH
L, ERROVTEZLVDEZ T HWT, Eaekrdir:
B 1ODE s e (PGB p,, HEHEOESH 2p,
DY 7)) THIHPD L) ICHMLTLZ LT, A7
DB o L FOXTRD 72,

0 (e < emin)
a=9q Ftmn (e <e< emar) (10)
1 (e > emax)
Py+pr
e:= Z I1(pey¥), €min :=2pr1°, €maz = 2p- 1"
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TIT, e WHAKEKE LY 7 R E Rk LB I
L, EAMLL TSN ZEOmEMEEZ S 12k - T
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AT-OHE [¢ ZEOHFAL LN TVwEEEZLNDLH
HBOBERHDOY 7 v VOBEMEO VY% L 52 L TH
HL7.
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Fig. 9 An example of estimating the center position and radius

of the iris, and the aperture rate.
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Fig. 10 (a) Lip motion estimated by the particle filter and
(b) relation between the mouth aperture ratio and
temporal alignment of lyrics and breath estimated

by Vocaliistener.

4.1.3 OFREO#EE

IR, BEEER (4.1.1 3H) I2X o THOLNEDLE
MEPOHET A, L L, HEFOEELZEOH SO
DI faceAPLIZ LI LIZED T v F 0 7128l L, 1EH
ZORE (FEL TEMOMRE) 2Rt Tadhhror. £
ZC, ¥ faceAPI THOLNEHEE TED SN L HOH
O (6 12BWT, #0 B-F ICFATTH G 2@ 5 HA)
iR o 72— RIED A A — Y ZJCWif§ & O i L, Wi
@oTﬁNt:%ﬁ4x—V%W&Lt(!]ﬂ@».:
2T, FTOEIZIIZFELWLEFo/zaie LTRLTW
5. %ODETF‘EPWL% S5 728, RGB OWmififks fvi7-/8—
TFTAINTANZIZE-T, PEETEOR.LHEZHEE L
72, 20X LTELNLEDOWEEE [0,1] TEFILL
T, HfiEc & L7
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11 HRP-4C O & H OB [20). AP E—5, P17
TUSBIAS R 6 % 25T S 4 % 720 OREO B, 4 H oML
MRERZ RS, N ENOBEYOKET, il n 6 72 ol
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Fig. 11 The face and neck mechanism of HRP-4C [20]. The
cylinders and the parallelograms indicate motors and
the actuation points to deform the skin, respectively.
The circle on the right eye is an eyeball. The joint
name appendices “_R”, “_P”  and “.Y” denote roll,

pitch, and yaw axes, respectively.

A Z B L TR,
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|2 HRP-4C DFHES O BIFhER 2 /"9 [20]. 22T, £h
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HWL. E— SR EDE, 5ms OREFREIHIE
WELTUH T v 73505, ZOBICIE, E— 7
ZHEE LT, BfEdeE L EEHPHOIEIOZOI, Iy b
T AH, DU —IXAT 4V F (2RNFT— AT 4
vg) &, Ar=10r7 (BEE, 1L 7T06%H
W7z) L TR L 7.
4.2.2 1HIE T ZEEOER

PR L& R EOMETPELERD 72012, B
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® 1 EBIEICBIERT 2 BYER O ] B

Table 1 Movable range of each joint related to lip motion.

B Hi 44 =i TENH (deg)
MOUTH_P HZ DR 0~10
UPPERLIP_P FEOETHE) —25~0
LOWERLIP_P | MEORI# - %8 0~25
CHEEK_P O - TH —3.3~0

EYE.Y, EYEP BX U, X700 EYELID_P, HijE
O % T &4 5 EYEBROW P #fflifl$ 5. 72721
IR HRP-4C TlE, AADIRERZ EICHIETE§, )
B EYE.Y BXWOEYEP &, EAREIZI—MHEEyF
&S 2. [FREIC, EYELIDP b /540 % 57 % [6/h
WCET2E5.

F TRk EYELY & EYEP 22\, M (4.1.2 1)
DO (5) TS N7 MEDALE (2 FD W THRERD H i fg % 3K
o, B EYELY OfE Y duE L7z, BARWICE, p, *
X 6 O A-C OFG IO MFEECTIERAL L T, +45[deg] D
FICE ) BTz 22T, Bk E T HI#$ % EYEP
B L Tld2hl20 & L, EYEBROWDP 220V Th DM
20 %527,

BT, FRZOBEER (10) 12X - THEE L 725
fi% AL 4%, EYELID P &, HEMEOHRMEFER, €—
Z I A b, bms ORISR > 7)) 7 LT

O—SATANVYERTr—") YT xiELI:. 22T, U—
INATZANY DAy b4 7 BEHIE EYELID P (Fi37:
%) I230Hz, EYELY (###) 1C2Hz # H /-,

4.2.3 BEIFOERK

FEEIEE, M 11 © 4 >0 (MOUTH.P, UPPER-
LIP_P, LOWERLIP_P, CHEEK_P) |2 & > CHIfi & 5.
FNENOMEOWNEFEEEZER 1 IRT. 22T, FAl
AT - 72 EBETIE, HAIC A OO ¢ (K10 (b)) %
ST A= LTHA-OTIE, WY REEZ ERTE
T, ENETROERK (BEeE) 5 LIAREh o7,
2, HRP-4C OEMNIOBEBEDOHIRAHKCTH b, H
FUCERL L 720 TlE, @Y 2BIEERI TR 2V L2 E
SR

FOLH)RMEEBRT D012, HRED 5 B
(Ja/, Ji/, Ju/, Je/, Jo/) &¥EE (/N/), T L AITHIET
LHAEAE (F—R—-X) %, ThFNROERIKS L RZ
2X91H60 LoD TEE (T 2) [20], Vocalistener
THELNHGF L 7L ADORFIEHRE b & IS % 4
BT A (F12(a). 72720, 2OL) hF—FR-R 2k
BINT = VIEROARTIE, IELWY A Iy 7 THEE SN
B LT - TV AOBBRZT SRS, FEERICE
JAO0E R, fEERNIICOTREINLND - -8E,
Wo L NHAEVZDELOEZRWVZY)TL2558% L1
FNHRRMTEFTUNANTH N,
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K2 BELTLACHTAF—K-—X
Table 2 Key poses for vowels and breath.

B /a/ /i) Ju/ [e/ [o/ /N/ TVLA

MOUTHP [deg] | 9 0 0 6 8 0 10
UPPERLIPP [deg] | =5 —25 —23 0 —10 0 0
LOWERLIPP [deg]| 5 25 24 0 10 0

CHEEKP [deg] | 0 -2 0 -1 0 -1

T4 v s 05 03 03 06 06 05 05
T A~ k 0.5 0.7 06 0.8 08 05 0.5

(a) TS E)CE DV TEMENTEEE/ N2 —

=)
(7]
=4
pay
o 10l = moutH_P
S —— UPPERLIP_P
S 20 - LOWERLIP_P|
O ol CHEEK_P
LA (br) Tz 5 & ¥ 3% Lt F br 1
19 195 20 205 21 215 22 225 BE}FE‘j [s]
(b) FEAFHLT A 2 INT A—2 {s, k} DHERS
1
N osf
&
W~ 06
N
B 041 S(UPPERLIP_P) < ; ( j ; }
I 024 W(UPPERLIP_P)
0
T LA (br) fe 5 & ¥ 3% &= br F
19 195 20 205 21 215 22 225 Baﬂiﬁ Is]
(o) ERENTBEDENE
OMBCTREE LR /a/ /i
= b\ O\ = -
o ~n
kel . | = \
2 ot A Y ; !
MM_/-\’ ; S—
s\ LD
|| — moutH_p
% o UPPERLIP_P
5 20| ---- LOWERLIP_P)
Y CHEEK_P
JLAb) 2 B & & B &% br %
19 195 20 205 21 215 22 225 Be;Fﬁ [s]

B 12 [1HE ¢ (K 10) 235 < BMBEDER. (a) Tl (B3)
IZHD B E (b) 25 DIERBT A ~, (c) 13 O

WLBRZ 35D Rt 7 TR E & IR IR
Fig. 12 Pattern generation based on the mouth aperture ratio
¢ (Fig.10). (a) Mouth aperture ratio based on vowel
types in the lyrics, (b) corresponding nonlinear gain
parameters, and (c¢) mouth aperture and lip shapes

generated after the adjustment of Fig. 13.

ZFITESI, HifgEh 555N OBEFBHR e (K10 (b))
FEETHILICLST, BERLTLVAOODORE &1l

ICHBHL, 73T 282 2HHTL. 22T, ¢
WENFCTHEEES v b4 TEEE20Hz OHF =327 1)L
FEMLI. ZDOXIIZLTEL DY, BRGEWYED
R TETWS I & 2L,

LAaL, WS220EHE (/i/, /u/BLU/o)) 2B
T, BENLOMEIEREOF —FR-XL ) H/hsna
EWH o7z, UL, DRENHOBEORAMEIZE > T
FEHRALENTWBEZEDFERTH L. & 21, AD/i/
WCBITBLIBED 06 2L EIZIEEA LW, LT
HoT, BIESNEHEIZORIZEF —K— XD 60%LLT
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1—+qve
B%ﬁaﬁ [s] BRI [s B5f [s] B [s]
A [F | id id I
%sw;»—wm -—-— '—m '
H& ST NSNS\
INCANEZINEE [NASEZIRLT] m
%‘g(ﬁ,ﬁﬁ*\ [ TI I [ | [T I [T 1 [ 11 [ [ | [T |
REFE
e - Gl Il L] LT (] [l [4UFR) ] I
w2 @AEORE) [ | MBS RD ] T ] e TEOREFE [ ROREET
k03 (7L 20550 Tmin (50 ms)s{ (HFR] G 1) BT e Tmaxbl LRI 5
s MM [ FTEHMEL » T ekEMEN [ ~ TTEDMEL
% [] \ | ]
1 1 1 1 1 1
BRIRHDUE RIRHDUE RIRHDWE RIRH RBRHDOWE RIRHDUE
(F8) (7 L—XEHDTR) (F5) (7 L—XBEZOE) (F8) (7 L—XEHDER)
14 7L AR LRI 2 UGE T A 7o 0B LB (FIF IS & B mEElE)
Fig. 14 A result of the breath detection and additional processing to eliminate false
detections (candidate elimination based on constraints).
G smcEsC BEE ML Ry M ERICOZIT 5 (413 5t S
£ — S Ji3] JE3] R chg =
el - M. LarL, OB OATITS HATH 2 7% 0 kR E
Ay ~ I o > » >
[y is 0 BAREIRE SR B0, 7L ARG HUTHFARTE D
.S, K > ) .
1968 &£ 9 12 VocaListener % #Ii5E L 7.
MR ¢ kp MBI g(c, s, k) KETIE, 7L AKRHETEE 7L ASETEICOVTHTR
_ RDH, FRIZT L ABIAERIL, 4.2.3 THIZB 1 2 E8EE
0 s T c BAZBWTT L ALY 5 BEAE (F—K-X) %k

B 13 g S KB OB (28D EBfEO IR
Fig. 13 Lip motion modification based on the estimated mouth

aperture ratio of the human singer.

DfikZ->TLE Y.

D& HIEE RIS 572D ERIE T A~ AT

5 (K 13). 525N OBE c &/8F 2 =% {s,k} &
5, BEBDOEOOIRITA ~ glc,s,k) %, KXI2EoT
RET 5.

g = g(c,s,k)di (11)
g(c, s, k) ::{ (1k7/ks)c (0
—e(c—8)+k (s

ZIT, ¢ kg lE, EnFERiFHOO ﬁﬁt%%
%d<@%ﬁf%é.ﬂax—&@k}i K
%QK%?iém%ﬁtt.:ﬂ%u%%iﬂmiofﬁ
ILLEDS, F2a—-—¥Yy 7 - AT7I74 12X >THEL NI
WiF S5 (12 (b)).

B 12 (c) 12, FEBIER SN 4 DORE#LE &3 s s
BIEDIRE IRT .

5. ANBEIOTEICEDSHEEK Y X7 L Vo-
caListener D 7L X BB HEEKAD
HiER

AN OHFIIHE I T L A (R

)

<c<s
§0§D

) TH720, FOH
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ETH)ZATHLELE DL (F£2).
5.1 7L XHFE
KT, TAa LRI L7, ABOWHEFOT L X
* HEpkeh 3 5 i [21], [22) w4, 22T, 7L A/
WE EE O 3o HMM  (Hidden Markov Model) # f#
ELCTHBEFFOT L AZMET 5. HMM ORI
i L L CEAERCIL VSN TS MFCC (Mel-
Frequency Cepstrum Coefficient), AMFCC, APower &
FIHL, #h2Fh 3REHIMM TEFMLL, &IRED
SATEA IS EATI R W2 16 IREN T A0k L7z,
HMM ¥, RWCHFRMEET -5 (R 2T —5F%5) [17)
am7mkABTA=/7T—&«—19$¢®2A®%
WZFEETT NS LCRESE L 72, L)%
ﬁﬁ*#%%%%&&uiﬁpﬂfm«%ﬂfwé
7272, RFFEEIALECHEE O L THWE
BHELFEO—FT, WWREL/h/ % EO—EHOTHF I L
TEMpEE LR, 22T, 7L AOFR/NRERR %
Tonin ms, TAHEFIFE % Thaxems & LTUTO X9 Btk
WLER % Al 72 1A L, 7L A ORE 2 ESE5
(3 14).
F 1 (ERFREIR) R RS [Tnin, Tinax) O EEFHAL
DOBHAER T HIRT 5.
FF 2 (HEORE) THICL2ERBZRST20
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VocaListener THEM SN/ HEDO5FE L B A (X
OWER D SR E TOFBSTNTO L) KEW) M
G R EHIRT 5.

HlF 3 - HlF 4 (7L —XRIGDIFRICEET 3 2 DDHIKY)
FE 7 L — DRI ORI X BB 2 S 720,
e 7 L — XEFNSAAET MR R % 1 DA,

#l% 3 (7L XBF%l)  Vocalistener TH B S L7z a3 D
e (ERTOMER) OLHERHD S Thax A1 E TOX
B ASL ORISR 2 HIBR S 5 .

H# 4 (HMM £E) Vocalistener THB & N7k EA D
S (ERTOMER) OLHERHD S Thax 01 E TOX
BB BER DD - 7284, 7L A HMM O LED
RO E o BB RS 1 OBIRL, 2N 2 EIE
5.

22T, Twin = 50ms, Thax = 1,225ms & L7z [21], [22].

FNTHHE- ) I TFMEETBIET 5. D EoRBIE,

HR 1~4 F CHEFIC (ERilo) #A L. 22T, #ilf1

LK 2 DIEFIZ ANEZ THRHIEZR WA, S5 I3HIE

SUEIATON DL Z E#EL TV A,

5.2 7L XEHER

Aed, EERIHWZHIBIL, 3 ETHMLIL I,
RWC W EHET— ¥ R—2 (K¥ 27 —F%) 17 O
[PROLOGUE] (RWC-MDB-P-2001 No.7, 298.2 %) #
WolHAAZHE1LZICLE5DTHE. ZOHRCTS
SO IL, TV ABRMAO HMM 258 S8 572900
T4 [21], [22) IKIEHEEFNR TV W, RKEBIZBWTIE,
FEETHG L7727 L AR B OIEMR T NV 53 I T
D, HEMHEORE, HFE/ 7V A/ ESTRTOXEE L
T 289 6N, 209 LIHFX M2 152 #ET (169.71
), 7VAKXEA 80 7T (20.06 #), MEIXHA 57 7
(1092 %) Thotz. 22T, REFEOHERIER T
i 572012, 7L AMBOBIE (R) LEE (P) 28
L7, REPIE, ZNENUTOL)IZERT .

R events correctly .detected as breath « 100 (12)
events in breath

events correctly detected as breath
P= events detected as breath x 100 (13)

T, MHEESERO T L AME I E R DA
HIUITIERE L7z, R=100% (=53/53) Td 72Dk
L, FHR 7L —Xb ) OIFLER 7 & TOFMBIZL -
T P=66.25% (=53/80) Tdho7.

ZOEHIZ L THEMEZE 172 80 HHTD 7 L AR fE
T ORI OV, 5.1 Biof 1 (fkkikE#E) 12X - T
80 — 77, fHill# 2 (HMFADIEH) I2L>TTT — 72,
HF 3 (T LA 12k -T2 =71, #Hl#4 (HMM
JRE) 12Xk oTT71— 53, ERPHIES N M 14 12
TLUAMMB 2R, o 22 EEEIR A T b T, HE
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BN ERE VARAE L7205, (0.1 o) H3ERR S 724
B1AmdHY (K14: G505 2FBIRLAER), 20
BHlorEFETBIELZ., 20X THSNZZE3 )
Fro7 VAR, 1 7FT088HIZ X > CTHERMK
T L7225, MHAEEIZR®EL TR = 98.11% (= 52/53),
P=9811% (=52/53) ko7

T 2T, HMM 12X 2 7L AR T [21], [22] 12 & 240
HIMHRERIZBWT, TOWTRHIBR Y A LOEVIZL -
TTVADPAFRILT S (FRxELs 7V R) Bh, #hk
WAL LTHHELTLEY, BHENMETFTTAZE0H -
7z RERSUTIRARZZHIFE, IR RO BB E
WAIIIERED, FHFLTVLAE L THIBTE do
e BN D L. A%, 20X )BTV AER
EINL T HMM 2 B8 S8 EoS820 § 570, 2
LHAEMERRET LR E, T L ADEFLANDIRLIHT
FOFRMD DD, Tz, GHIRE Lz 4 OOHIK b UFHED
WA H D, 722, mRLzL91s, RWHEZEOMIC
EEEW ) LEDNH L7120, EHRFICL->TETL—X
MTOOZFVCTEEZW ) TREMEDSH H05, 2D L) %7
LVAZAEOFETEHBRSNTLEY. Z01En, 4
OFIFE HMM O 4 v 8T —2 (IREEERE) & L THAA
7z, ErOI SN EgELz Y (M6) 2iEH L
DT RIELEZONS.

5.3 JLUXERFENRE

TVUVAGENGEE LT [2—FRIEZEMS | 7201213,
A7 @ VocaListener & Rk, EHFOWFAEH L AT LT
TVAFEZERL, TOHFENT A —F 21 —HREIZE
DETHBWICHET 2 HENEZONDL, LiL, 20
FEZERE - RS ZZORA L 2w, 8% 5,
TEREELRLY, TVAICHET L8 A= 7 3HFES
By AT LI > TR > TLE ) WHREELIE L OFEI
Lo TREHLEET), FONTA—FIZLoTEITEHE
BRHHEAP VAT LT IR LIENEZONLIZOT
H5.

FE, ¥~ &t o VOCALOID & VOCALOID?2 [3)
TR 7LV ADOEBAE R %), VOCALOID2 Tid 5 fi
HOTVAFERENFMEEZZEZ PO AR TE 50104
L, VOCALOID Tid 1 DA ERTE 57215 T, fik
B RO AT CE 2w (BHELTY, RN#Yz /A XL
PERTER\). 72, VOCALOID2 T¥, 5FSHT O
CONET VAL LTAARLETH o7z, Leh o T,
INFTEBYORETIE, BELZHEFEK AT LICE
WCHATE WIS D D, U TR,

54 JLRXERFE

AWFZEClE, 5.3 Hi CIRR/FEEE RIS 572012, V—
AT ANWEGHINED L TV AEERTEZRE LT, A
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TLRETYTL—h BREETNET LR

0 05 22 225

TLRAET YT L— bDARY b VA&
20

FBIRE (kHzZ)

o w

0 05 22 225

B [s] B [s]
15 7VLAET Y7L — ORI E AR MVEHORHRZLD
Bl (), BLXOL—HFREDOTLALZDT > TL— 55
DEWAEROB] (F)
Fig. 15 Examples of the waveform of a breath template and
its spectral envelope (on the left), and a user’s breath

sound and the corresponding synthesized result (on
the right).

WOTLVAZBELDTHFERT L. TTHERGLOT L A
Hx, MLHAEGHRY AT LTERT S, OB, BEKE
TVAL LWHEEELFOATERLTHS, HnT,
ZDTVAFDANRY MVaKEORRIIZHEL, Thie 7
L ADER - T > 7L — b LTHYS (K 15). &
WOCTIE, WAESH Y AT 4L LTHW [VOCALOID2
WMEIZIZBWT [brs] LHRETAHILTARTE ST
VAET v 7= e LTHW, 72, AXRZ MLVE
K HEsE 1213 TANDEM-STRAIGHT [24] % Hiv: 7z,

Kz, 7L A 5.1H) Lo THLNAETLAFED
MEFeHr R L H B2 EML X912, 7 7L — b % -
EREE5H. MBI EL, SRR E v % BRI
AhfE S TRMEL 72, F8IE, ARZ MVEKOEEE
HAMORSTEML, 2z HIEICEbETERSE .
AR, ZOARY MVEKEDNH A V7OV AR &
L, HEGEHRE LTOT Y 2AEE2EA AL ETT L
AEEERT A, T, HHWIZTH T VAL LWwWT
YT U—= FMHPFICANZ, EE R EEZ R T
BIZTVAREBERTES.

F72, TOL)BRARY MIVEKE N T AME TR S
5T, TVAESPHELELZVKFEAR Y AT 40
bd, TVAFEEARTE LTRSS S, 2L 21, 7
VADEL, 8271V MEEBIIRED /a/R/e/D
T AT Y MERREIZE W [22] E V) HIRD D B0, &
NOEDORFDANRY M VAKE AT ARSI X BR% 4T
) ETCEMTELMREMELH L. T2, EEMEHRT
EH 250, KO AHFEOFITILET, £DOT VA
DT VAEDREETALEND L1200, TORFDANRY
MVEKEZERICHVWAZ EREZONE, INHD A
FEBIZRLZD, BEICLoTRFNS LIMIASS
Ebdotz 7277, Lo FEFOEFTIE, EREN
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PZE AT BERPREENE , AOER R E
DS PO L EZ 5N, SROERETDH 5.

6. FEREEE

N OHAE 2k L 72Bh g2 AJJE LT, ka—< /A
FoaRy MHZOHGE (Fvbl L & BERE) 2 B2 TH-
7oA AAE, http://staff.aist.go.jp/t.nakano/VocaWatcher/
index-j.html TRETX%. INF THPL TZ7 [PRO-
LOGUE] (RWC-MDB-P-2001 No.7, 298.2 %) % H\w7-
FERICIMZ, W—OHRAZHEL LR HARANLHE L
X BB E BT, HFEAE T AT 4 [VOCALOID2
A7y RAF] & [VOCALOID2 VY1) T, ZhEn
7ol 2 BRICDOWT, BEEIEDERK L AR A 4T 72
WROFE AN L= 2 VEIEDH 5.

16 [ZHWFortE (&) &, VocaWatcher |24 - T
AR L 72 HRP-4C %NS (5) oz /RT. ABIZEWw
BEMED AT T E 7275, DT o L9 ZRER b5k 72,
ARy hOORE» ABICENT/HE W (16 (a), (c)

N EOZBL 2 ERTER, TRy PEEON
BIRAPHEETH 5.

ABEEVOR Y FORPEAL E->TU0EL (K 16(b))
MR & E— S BEORMEZ [ 2 72012, %%
ZIZHLESTICALBWARTEICLTWD 2 EHE
WTH5.

/o/, Ju/DANKRBETELW (K16 (b)) Jo/ % /u/ D
$I)BOETIZOLEMEE, 20X %ET— ¥ IHMTE
L7BRWZOIZRBTE 0w,

DLEOREDIEK T, #HEOFARY (Vv 7)) =T+
YT) WD e B BH, INnSiEStk, HEHE
RO FIcE b o TE SN L WREND D 5.

72, MADVATLOFRE LT, MEDL) TDH
FoTWARWETD, AM2T5 L9128, HFEEELL
720, HEE LY o KB AT ZENTED
(M 16 (d)). Z9)VotEFEHRORISEL L Z L5, X
DEKRTARS LOBEIE IR S L) R EE7.

Wik, EgESh/-u Ry FORE#LE (i T 2 —
F) L LT, #HiliERE CEATEC2009 (2009 4 10 H (2
TR A v L CHME) ICHE LZ2BORIE ST 2 =5 [4 &
VocaWatcher 12 X B HIf#I/8F X — & O Sk %, BHEO
H#EE OREICOWTR 17 & 18 IZFNFIURT. 4
BAE R E LT 5 &, BEEOREEICOWTIE, (T
MRV ANLH U 2R NTWE 2 e h 5 (K 17).
K512, ERIIEERS 2 (MEEE2255) FHT
BETLHUENH LT [4) b, VocaWatcher & &7 5. &
72O EE I DWW T, VocaWatcher 12 & 545 Tl, [
CRETL 7L — AHOMEIZG D TEPEL > TV
(K 18. 7=k 21E, B/a/Tlk [ bl E L% $/
SESVPRB]). T2, TLA (br) AE D ETIATS
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@B, /taf BRFE
(2029 % , T EENEF DXL 00:35:51)

(b) BZBALCIKR, /ru/ ZRE
(7417 %, TEFBERDOEFZIF 01:29:39)

16 ABOHCFOE () LIRFETEIC L o THBIER AW L 72 HRP-4C O (£)
Fig. 16 Examples of the face of a human singer (on the left) and the face of HRP-4C

(d) BEF, ®EEGTL

(c) /ra/ =HE
(15148 %, T EBEIF D] E 02:46:68)

(204.77 # , T EENEPDEFZIIE 03:39:99)

(on the right) whose facial motions were generated by the proposed method.

ENTBY, BEOOMEIL LMoL, 7LAD
MR RO (LWL L 7) W EFdH o7, b
2, BRMERERBH oM EICESG Lt EZ NS,

7272, 7oL ZIELWVEEELE (HE 7 A—%) 25
BHanTd, vRy MIX2HAZHEREE L TRET
HBLIEETE R\, %6, ERSNLKEEEOH
RS, BRy POREHSMHRE (= FY =27 ol %
&) IVRET A4 L, HAENRERIZEDSVWTHRES N
LEEZOLNLIDTHA., KL TIE A ZEE L 721
WMNTGA—=F 2 ERT A ECHREOM EEZHIEL 2
W5, X0 BRGHIBEIED LKA T, 4% b s
DHTVWET-Wn,

7. BbYIC

AREFZETIE, ABISEWIMBITERIGHIH 2 % b~ —
~ /A4 FuRy b HRP-4C[2] (K1) 12, HFEEHY AT
2\ VocaListener & fil&Ab729 2T, ANHEOEHEE
BALTH S 720 OEEBIEER 2 A 7 2 VocaWatcher %
PCEBLIZ, £72, ZTOBICTLAEEEGRTE S L9
Vocalistener Z Lok L7z, §ERD, FAEZETH 4~ OE)fE%
BETHA % 72— AIZNZ, VocaWatcher ® X 9 |ZEA
DHETANTEDLAVF T2 —AIZL>T, TRy Ml
MY = VOLRERIE L C—FOEHELERIIDZRT
W, FOARNIZEE, BB O TRy M, AL
Hofli, EGUEEAMROMEH - A MEE EANT I L%
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MY EZELFRO. 72, AUIRRORNINZEZ L LTI,
[ABES LS i3frzemiL, L) ABzmasZ b H
LTS, KR, ABO L) ZHFELEEL BN
FCANLRIZERTEZ A2 D0, EBETORHEINE D R
FTWFIREDH 0, ANEOFAEHERE DRI 1A) T 72 ARy —
VELTHMTEZ .
EHTFTECAM -3 OBREER

KEROEERTE A ML —Yarvk, T8 T74 R
Y MRS BUT AR T A B S A T, Bl ER
22 CEATEC JAPAN 2010 (2010 49 HIZHHE A v £ TH
) ICHELZ. 2ok, EUAMCE D Bid L72AS, BifE
AHeY 7 87 =7 Choreonoid [25] & W T, FE(TH
TNE D LD WIRY 72, ZHORGEIFIN, 4k
KBS N7z, HEIE (VocaWatcher) A7 L
A& (VocaListener) 122WT, A5 L ERHKRIIE
NTWLE B FHT 2 BRNEZ 07205, 6 ETRL
72 &9 LEMEORES & & —EAREKRE IR D 720, &
WOES 2L AR W, 72721, WESEOREK
SRGARDOE S A IE L DK E LTI, BEOMEAREE
Ko LoR7-B%E, KnXofE4B2 2R EEN
TWwheEZLNL., Lzh- T, HEEMEOHKMELY %
ZAE, BEICEoTIE, 0L RO EE LT
PREEZLND.

*5  http://staff.aist.go.jp/t.nakano/VocaWatcher/index-j.html
AT T HE, RFHE EO—EERIRT.
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Fig. 17 Results of head rotation of (a) a previous approach
and (b) VocaWatcher.
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