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Abstract

In this paper, we propose a speech animation synthesis specialized in Korean through a rule-based co-articulation model. Speech
animation has been widely used in the cultural industry, such as movies, animations, and games that require natural and realistic
motion. Because the technique for audio driven speech animation has been mainly developed for English, however, the animation
results for domestic content are often visually very unnatural. For example, dubbing of a voice actor is played with no mouth
motion at all or with an unsynchronized looping of simple mouth shapes at best. Although there are language-independent speech
animation models, which are not specialized in Korean, they are yet to ensure the quality to be utilized in a domestic content
production. Therefore, we propose a natural speech animation synthesis method that reflects the linguistic characteristics of
Korean driven by an input audio and text. Reflecting the features that vowels mostly determine the mouth shape in Korean, a co-
articulation model separating lips and the tongue has been defined to solve the previous problem of lip distortion and occasional
missing of some phoneme characteristics. Our model also reflects the differences in prosodic features for improved dynamics in

speech animation. Through user studies, we verify that the proposed model can synthesize natural speech animation.
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Table 1: The proposed tongue model for Korean consonants
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Table 2: The proposed lip and tongue models for Korean vowels

1l
1L

Front_high
/117,92 /j/

Front_mid
M/

Back_high

It/ [— =/, W2g /w/

00
/+/

Back_mid
[/

Rest

-5] -



&

2] 2] off o] d /3

=B AQkshe @Fo] 254 fivlold 44 B ol
A, oujalol 8 g, o5 A 551 (Figure D).
SANA 2304 S} BAE A &8
g %YL 5 Asto] A A LS

AIA F2 7] A28 B
AL, ol A IS Lelsiel 508 2T o
Aok 2 o} F WA SN AE
20 shet 9 A 1A BHAD, 9% 9 o 19

o4

Z|me|o] g sto] 2m ] o

ML ooX Me M rlz

_4

41 AE

QE AL 2 %] ool A& ] 918 A A el B
ST AHEAREE A% AT HAES deton, &
4o B4 ma|qJo] ol @ Bao] oA A ARE 5%
02 &3} BlAES] Bro| Y Ut A &4 A Y (forced

alignment) Zrjo] Y Q5HcH[17]. & =
Aligner( 1815 A-g-5to] 271 24 42 2912 A5 falsick. o
g ELS 24 <14 E Kaldi[19]5 vt
A EA, 3Are] EAS 5 Aot 1_01 | ot
(acoustic model)-& st& A1ttt o

lo
HU
oo
Mo
i
)
Ml o ool £
o
o nZ do 2

2 HAET LA
A7 el 7
ol9] glofst 54

hL
Ko Jo
ﬂ-lr_ni
2 o g
N
Ay 2
ofl olo
> f
L BT
> ey
mmrg”:
[“ ‘r‘
i o
o 2"
_>E4 |
ﬁr\rjoi:
rol, 19t
44y 2 Lo

411 A o FAL 9% shTo] urxg A

YAET}AFO R ol 0T AHG] BAH HolE 7 FOR &
2542 ST Dol ol 4] 2 /)£ 08 Hol ERGLE 4

Pt oot 2o Golt Aol HelE Saets]7} 53]
Fhckgth Aol mHol2 FAF U FEA AP ofn]
24 EG A ST

7} ¥rgsto] 285 o] e Aol EXJo]H,
£ B2 AR SAfete AL
%@@%4%1@1&2534ﬂ4@ﬁ%%%i5%
%ﬂ4@h4ﬂﬂﬂ&%ﬂt%m k2 557 919
3 ARB)7} 2712 2 7E
=R e BETOIHAAA ol B2S FustAT
A9} AL AP0 B P el 2 71Estolnt SALsH
%ﬁﬁﬂdw¢owm*ﬂﬂ4wW}oF
HOR olfolA SLoBE, AR oh 2 FEYL
& ojzke] Fe) 2 Aol SAsAct. that 87
T el o =z JEj7h k= 397 e, 2e
of ATt 2| Aull(1937) sH O] E+f2] -8 5 oftto] Mo
dojLf=‘w’, ‘', ‘m’, A, e, ¢
T}

S o, =2 Bt
75 ApHo) 715k [20, 21, 22].

jujfe]

O
—=

- 0

Z_

-
(O]
-,

o

ik

412 IHA

H L=RB9S 90X 4 A9 Zeroth-Korean T A S AR5} 115

W S0 528 A7 &40 B AER TAE ] 9l

2192 AT HAES o H SrFAIR] gh=to] S BE
7

2ubgo 24 84 Y A9 AT o2 ol A4 U
40] erole) AR W) Aph AULE FESY

ol i oo
ol

EE e rr

rapheme-to- Phoneme (G2P) 2dof J,&?_]-
ZAT} A1) 2] oY ]1_ A TeF 710 2 FLEET)

WA G2P Rl YAES A Ave d2 vHFE X}
glo] 2] eolt}, B =R ML F4L 3 Bie B
iﬂﬁﬁ Al 2}sto] ZH@-OJEP‘)* OUEL 21]2] ofjymo] Ao ‘9371]

&otent. ol AALe Aol A ool 4L
@@4%m%3&g@a F42 uheistart & 12747 7

& ueho 2 Holo] SohE HAES RES Holshgon,
2% 1-490] G2P mlel, 5-12¢0] ~n%] ojuimeld A
F2]o] sfgeeh. 7t 2o gk WL okt et

tu
<
2
]
3
o
% i
i
fjo
o,
J_,
ol
oL
£
)
N
N
Zi
O
HU
O
1o
4,
ol
ot

[e]
e ‘3 viseme 2 EH *i% Pr% 0}@ E’r E}EW

28 @A o8] 22 viseme )2 Ujel A Wk Yok
FHL ek 4 glom, d A2 388t e,

Y AG (2] 2 0’ 5))
g whdel A dojur] ol F

© &S AT = Aot ot 24 ot



1o

A Efo|Y HE

s BAHY

ALX 29

o gy

Ho|4 2|3 m2to|Ef

&

AI|A| ofL|dlo] 4

otz

H

A

Figure 1: Overview of our Korean speech animation synthesis model
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Figure 2: The process for the co-articulation model application.
In each row, the first line represents a phoneme, the second line
represents the mapped lip shape, and the third line represents the
tongue shape. The first and the second row show the result from
applying Rule 5, and Rule 6 and 7, respectively. The lip shapes
for the consonants excluding bilabial in the third row are created
through interpolation.
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| HRRS i+ W

/ Wl

Bk S i/ 4/ 4/

/ARG i+ ]

(ARG S+ A

[}

B S /w/+/ H

[N YRS wl + 1Al

(ARG fwl + /Al

[/

HFR S i/ + /o)

(Al YRS fwl+ 11/

(AR fwl + /Al

/7

WP /w/+/ 1/

[l BYRLS i+ [/

(A1 )+ JY 8- /j/

MR &2 B2t el
zro] 7] whe] B4l

N I

StLo.A

h s

e T ZE AR A%
4 g oA TR -FET 2 EAIZHE FHA
d7gsfiof ottt TPy o]FESollM WEST TGRS 72
&0l FaliA = Breid v gleBe

)
& B Rol g g
[4A17he Brg o] Ao] Ao 7 slgrh,

LU WL

Al

T

_9/]
9

11. o] RSO YIRSy g s e Y £d9

Rgg WRed Ur
o) FEL-E T 2H

zefstr] 4ok g Bmee 18 A%
o3 B o] A do] npet ¢ mope] 2
BH2.2.9] Eo]ge] 5 94 49 Bads
S weh 2ad 728

D88 284 YLAE IR fASHE
moFe] Wk} 37 917 Wholet. A4
Fgoln], 5 3744 Sl upet A2 &

filA] 01 F RS [, 7/
IwlA o)|Z=RL&: 5}, o, o, A, -+, -/

(1) fi/A 0] F RS ©R80] 7}52) () S 2HA A5t
(2) IwlA ©1F K GRS 7S (B)E A7 A7 5t
(3) 71 9f: WS} TR 50| 712 ()2 EA| A5t

2. 72 d2 e ¥ & HAY 9=

277 ofelo] e AT o Holqe] Ui moFE
a7t ey gutAoz o] L& o
Zog HARM 7). 2Eu 42 &% 7F

o] 7t &2 wo] YoAx 2z 4
AU A B AL71A] 5 st Ao

4

=

]
il

3

o]
=

}‘N' oz

]_

s

N
ot
o
N

k=

2
=
O
e
v
i
M
o2l
NP R o

il
£
ol

et
ol oft

tr e

o
iy
1=

©
o

o o

&, ok

A o

ol

ol

oft

£ o
=
rr
o

o & ) of
=1

e

E .

I

2 R

o,
rlr
fin}

4
lo
i)
o

=M &7l =25 € 9ol v wetAd A 0.
ojere] o A= o

neutral /o/ [~/ /o/ uRg /j/ /+/ neutral

Figure 5: Comparison of the results from before (the first row) and
after (the second row) applying the diphthong exception rule
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Figure 6: Comparison of results from the proposed model and previous studies. The third and the fourth rows show the results from a
language-independent model[24] and a rule-based co-articulation model[2], respectively. The fifth row shows the results from our model

reflecting prosodic features.
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Table 5: 6 Audio data used in the user studies. 1-3 correspond to
neutral audio, and 4-6 correspond to audio with prosodic features.
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Table 6: Evaluation results on naturalness for 6 speech animations.
The evaluation on naturalness is expressed on a 5-point scale. ——
means strong disagree and ++ means strong agree.

Table 8: Results from the preference evaluation for 6 speech ani-
mations. 1-6 shows the evaluation results from audio 1-6.

|1 2 3 4 5 6 |mean

| —— — o+ ++ | agree
Zhou, Yang, et al. 2018 65 29 6 0 O 0%
Kim, Sang-Wan, et al. 2005 2 27 29 40 2 42%
Ours without prosody 2 4 35 46 13 | 59%
Ours with prosody 0 8 19 42 31 | 73%

Table 7: Evaluation results on naturalness for 6 speech animations.
1-6 shows the evaluation results for audio 1-6.

1 2 3 4 5 6 |mean
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