Journal of Institute of Control, Robotics and Systems (2014) 20(5):495-502
http://dx.doi.org/10.5302/J.ICROS.2014.14.9027 ISSN:1976-5622 elSSN:2233-4335

Facial Actions 2} OfjL{M[O|M 2|0 Z[Htst
ERo d= HAX MM

Generation of Robot Facial Gestures based on Facial Actions and
Animation Principles
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Abstract: This paper proposes a method to generate diverse robot facial expressions and facial gestures in order to help long-term
HRI. First, nine basic dynamics for diverse robot facial expressions are determined based on the dynamics of human facial
expressions and principles of animation for even identical emotions. In the second stage, facial actions are added to express facial
gestures such as sniffling or wailing loudly corresponding to sadness, laughing aloud or smiling corresponding to happiness, etc. To
evaluate the effectiveness of our approach, we compared the facial expressions of the developed robot when the proposed method is
used or not. The results of the survey showed that the proposed method can help robots generate more realistic facial expressions.
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Fig. 1. Linear Affect-Expression Space Model [14].

adsh= o] et Jerﬁ e A AA FA AR
gk 4= Qlr) mgh A4 Fke] BAIE AAse T
A ZgA F7ke] Aol E@ fj<-ol]
RE 5715 AA AofetA] e AA o]
&aﬂz\ﬂ ae&xon ol g

LAESM> Ekman ©] 33 7]& 7t
Ekman ©l| 9|3}, Al A= 741411
A= Q= 718 A EC] EANY :
o] @Sk S AL oA, AR E A=
FE B AXE
LAESM ©llA 378 F7Fe] 7141 340l sl 78 o=
AA 3] 71AE ggithes A3 dudggith

st dvﬂ AN B0 BE @SS B FOOR §
| 5 9Tk 1efLh LAESMYE ARSI Aol el £3e)
wakE @717} ojik. ] Wahl =W, o4l %
W4 Aole] £49 Az Qofok EAS AH W
Ae 5 Qe Alolek. 1A 27ke] Wi S olgtel
F4ole) 428 By S 4Y gl
AEE WE 5 ekl 2
sk Skt gl Mes), o
e 9 el e A

=3
= = = =
5 & o wd, B4 9

¢

i

I‘

> o
it o
W}

|

=

:?1:1'

il
X
o
oZi

(
-

¢

(B Oop
+

N
)
)
o

=)

‘},NF&_E‘

H g

2 3

oS

o,

SR
oot
i
>

w o
2:9
&
=)
i

12 ol
BN
3y

©

o

>,
o
mﬂﬁl;

©] mass-spring-damper A|2~%)
T F3hehr27,28].

o b oo® dd

s Ho
=
i)
o
4
%2,

- Dol

OE"I rlr fo

£y

N oX

[
ogt
02
o ¥
o
r\.l
2
-

oft
o
o

2l
e
rlo
2
o
I ox
2
> of 0
Fi
2
o,
rr
et
T
1o
o
2
i
o

()
Y
lo,
=)
T
oL
ol
1,
il
o,
ofo
O

ol
9
ax
)
s
L
S
o
o
ol
R
N
\O

<
o
+
@)
&-
+
=
o
Il
w2

13‘“121 e = A& AA Il EAle= AR 714 wWE o],

= @Al 2AS the YRR Aol sk ¢lE wlElolt),

M, C, Ki= Z}7} inertia, viscosity, elasticityel] 3lld3h= v} 34
olth.p, = A3 HA 7] 2pLolt).

m 0 - 0 ¢q 0 - 0
M1 (.) " E col? @ 5 )
: 00 : o0

0 0 my 0 0 ¢



Generation of Robot Facial Gestures based on Facial Actions and Animation Principles 497

k, 0
0 k :
K0O| . .
0 0 k,

9] Al E<(unit step function)”t 4] 2)2] 9 s = AL
g 49, A @2 AEak Aol ola) 24 ¢ o Akl 1
]/H 1/k,' = E‘Oi aﬂ] ‘Q_E]'
e, (o) = lin(}sEi(s)
—11msl; i=1,2,
>0 s ms” +cs' +k,
1

o
=
SN

k,

aBR A S dale 5 SR E -, 2 053]
Asl 2 )k 2ol v k& 44 s ol wEjof g
s:K-E-eg

eg = |:e31 egz

714 e, = T B7F 2 A HAel oa AlsA A4
H 24 wigola, T3l JEES 2 Y TR A7
ARE 7L vk D, &= A A Gl FEE = 2
= 4 ANelth E & olSE 4 8 (estimated emotion
mamX)O]J—, A Y ¢ = AA Rl A fAE U
ERdith 7+ 310 9R)= ad Al digh B4 3 Mol
B4 7, o o} JAEE o]&st] T ¢ Utk wEbA,
A 95 JHo2RE A ARE Jopd 4 QlrhH o]d
o] 74 e} A T A Aleld] o F AEE A (2)
£ B3 7 g AL A ()E o8] A =R d=F
EHOR T 4 Qlth
2. 2A} A|ABIo] Al HH

27F A|2=gle] AR o"A 28T A ulg- T8
gk TAlo|th & =EolAE 7R 97 A5 s AIRE
(rise time)¥} 7F4JH](damping ratio)el]l W} Aok, o] F
7] ®iE Al dE 24 wist 549 °H‘4Uﬂ°]"ﬂg 7}
2 78S vlgo 2 AAS AT} shAwE J}.r(natural
frequency)®} 7H2I0]7} 22} Al2=Ble] BAS AAshs WSl
n2 A5 AR} AAHE O]%EHH 3 FIE TEof
Tk it} B 1 Tk A 6)olA & 5 ol
& AR ZAHIE o838l AEs] AXKE 4= glvi30].
aHA B smEelAE A (6 ol&ste] offFtel ek
< Ao R 24F A|2Flo] SRHEAS T8 & FolH e
Azl Fgtele i Tk E 2ekth

2.16x¢ +0.6
w

216><§n+06 ©
=T, 03¢ <08

»

el

rir

o(v

T ~

r

A% B M, € K = o] M BRI A RED

% 1. 9714 dynamicsell thE- A= 7k
Table 1. Coefficients of the second order system for nine dynamics.

r ¢ 10 03 0.1
(dynamics 1) | (dynamics4) | (dynamics 7)
0.125 w, =35 w, =15 w, =14
’ C=170 c=9 C=280
K=1225 K=225 K=196
(dynamics2) | (dynamicsS) | (dynamics 8)
05 w, =7.80 @, =3.90 w, =3.40
' C=15.60 Cc=3.12 C=136
K=60.84 K=1521 K=11.56
(dynamics 3) | (dynamics 6) | (dynamics9)
’s o, =1.60 w,=0.75 w, =0.63
' C=320 C=045 C=0.126
K=256 K=0.6 K=040

AEFS 71 A = D2 71gskar 4

ssict.

1 (D= ol&ste] 2%

' @)
-G 2.0k
gl ZW - ¢ C,:Vl \/7,’

3l A-" Ao @2 1 1o APtk
}%}9] x4 WzkE aEsie] 7R RSt
7 | 37 (micro-expression)> A2 ¥ FollA
P& whEA] ®ishks lolm, 025% ofujel]l yebttizh Akt
Ak, o) AL wiEo g J1E W A AIZES 012522 7}
gataleh Abgrel el A2 7ge] el #AIRle]
12 ool YRRttt /\]'E]rz]‘jrﬂ aH A Q) 2gA T A
A WE A AR 0522 APk nREe R 1032
o) A& Aol 282 AzlolH 5% ol &=

BAo e AR 7hsAdo] Erieks Akl o5 71
= A9 S AES 2522 7RSIt

AAHE AAS7] 84 WA ARRe] Al A<
I} S-Htransient response)©] YAl 734 (critical damping) A2~
dolet 7Hgaigich o] W, vl 1 2 A8 5 9l
theom, offyroldel ves HHEAT 2] 4
e 4;¢6Li’>‘1 7o anE 4] 913 HH7E 03
el 0.1 Q1 A5 F78IITH32). flek 2ol s Akt
7L5‘JH]§ 7L7} I AR vie AL Ate] Ao 2

T Y A ZRAA FEE o 2849 vE3S A
H3tolet.

Aol HollA @, & W FIFO|AL C K = A7 2

o] B e vzt Aolt),

¥ do
m
ol

N
N,

o Mo m1o
>

X

ox
>

]

;

= o
2

3

N

T@o}i.

£=)

™

SIS =S

V.FACIALACTIONS Z Of{mjold 2lzlof 7|akst
A= HAX MY
. Facial Actions
/\]_a]_ o] A& TAE= A 7[K9 E857) Atk I ZolA
e ARy A-hHog FHHol 9= Aol communica-

tion signals, facial symbols, facial actions © = TEE 4= 9 ‘q— 31].



498 HERLLE
* communication signals: 2] %(%‘%J‘{ =A% )
oL} rfaTel Ews ] ¢
37] f1g d=¢] 249
* facial symbols : YA} 2 A

+ facial actions : $}& 7NE7], Bl nigk W), 249 &

o] FollA] facial actions= AFEe] 744 JElE Wkgsh=
Aol AL} o2 AQl FA]lell el vrehdt) dubA e
AFFES BV 228 o Ydes AES ke
ozXE 744 AHE e o 9F TA®
3lo] webA facial actionsZ} o] T}
Aotk o]A§ AbgellAlM 3
Aaslthd %
23] ¥4
o, tdE=e
stk
2. Oju{mjolM 2|

ool el sdeh= MYEEe] Y F= t=y
o 12 7K el wEe R whEeth32). 12 714 9
ZFol A £ =l AE ‘secondary actions’ ¥} ‘exaggeration’ S
= Ao|t} ‘secondary actions’ & OH AlEo| PF& FHET
o 2] 2ol uksie] dojuls FH s wWilth o=

[e)

l

I:t:

o

r_l

rlj

o
i
&

o
B
i
k1
>

o

S
fil oo
Mook

o X o HTorfr o2 W kU Lo

2
e
rlr
CRC

rlr
po)
o

3Q M

2

i
x2

o

74w

i
2 fn %o
°

o

\F_%

1ﬂ O
o 1
Mot

o,

tlo

folr s
m\
re

N

o

¢

ﬂ‘

Bor

2 g

SN F%
ro M
;:gj ol
O:T g
=)
P
[¢]
tl

ME7L SEshs xdol A3 d3s 74 AN A=A
S S7MAZIEY Ege] ik & Aoy oF A
U ofL= sinusoidal motion®] ‘secondary actions’ 2] &2 ofo]t},
‘exaggeration’ & Eal¢] 2|do] Wxsta e vlE A=
sl S s ANEEY] ATl S Fofslr] Sl
F2 AR I =l 4ol 54 5AS AT

L)

= 1A, A A5 facial actions = ‘exaggeration
Ayl = 2
3. Facial actions 2} off{m[o|M
AYA
oo

H2lE o|8%t = HMAH
AFES mito] Aolols AwAet dria =4 o 5
7WA 3 2R WF3IaA; & ks ol
Zlo|r}. JEH A Bt E]Z} ek olue} 23] dE
= T} FARE ot Qlth olE Hal & oAM=
facial actions i} ofywo)d °Ja§ 2-gate] AP ARG
2ol da AS WEIA}; gk

7 27 AljtelE W ﬁxﬂ THEE Yehdth 5724
Bl 2xke] w
A £ YS el a, LAESMS 7Hge] &3
BAROFE WIS} Facial action generator g (")%} secondary
action genetator gm( = dE AlaAE ] Yl F1 H
Ak o] F EF2 AREALe] Helo| whet A () o] &

CREE)

r—{m
yur)
=
2
>,
o
>~
o
(<0
_EL

p(O)=pO)+w, g,P®)+w, &g,P®),g, @)

wfa’vvm :0 or 1

Facial actions & 7t 7-57]19] Hi 9IXE A7 XA
¥4 AA el YAI3k k= Ao 7 o]=dlo 2 15k
o} o] w, B X5 ¥ 33 o] o] fXet g

puq
gl_l
(=)
lon

E
=

04
02
rA

§(7) | Dynamic | €
Emotion
Model

=

Linear Affect | p(f) po)
Expression t
Space Model

Facial | &u(P()
Action

Generator

Secondary
Action
Generator

—)O
. (P(0).8,(P())

a9 2. de AlaA QS 97 A
Fig. 2. Procedure of generating facial gestures.

Expression Boundary / ?p\
of f) YN 2
1 / _
! 2 h

D,~ dimensional
Expression Space

1% 3. Facial actions 2] %-&-
Fig. 3. Implementation of facial actions.

ARz F7)HoR wEeRs e A ALAE B
gl

ﬂl‘x

8 (p(®) =

0, n(T +T)<t<n(T +T,)+T,
n(T +T)+T <t<(n+1)T +T,)

+b ‘rand()‘ H—p(l), "

d= [rand(-)[vl]Dpxl, —1<rand("), rand(");, <1, n=0,1,2,--- (9)

T, : duration of manifesting original expression
T, : duration of manifesting modified expression
P, : center of expression boundary corresponding to

J -th target emotion €,

b, :radius of D, — dimensional hypershperical expression

boudnary for p,

21 9) oA b - |rand()| € d/(|d| = A2 2 EAC]
SAlel FARNATE Dojxl Ao waks ow|git
Thek lo)2 Mee Ae] A7t T4l BACNA U HE
golz] glow AAe] x4 gEpA] 1XE 17 IE Aolar
Foto] A= Yo 43 2 FHom o ﬂ 2 4
%] wizel 374e] BAE ARESte] A 4] A=
27] 9fsf ARg-ghe) 37 7:'ﬁloﬂ tH?fP stp W82 [33]°ﬂ
AdEo] Aok T, &

(RN
AR

p, = HA Al
b =) A ®4 AA ﬂ&ﬂg—om

2 9 ARl B Tl B XS A9 S
AHek 24 A HellA ez e 91x]9} a7
ste] Zegla 22 o) Qe I AnAE TE 5 o
ol w, 7, ¢k 7, & 1WA AAshriel me} of2] 7HA] d



Facial Actions 2t OHLICHIOI&

‘secondary actions’ O.2 T

2l g3 BFel oI
sinusoidal motion g,(*)< ?‘jo]—%
(<))

ok A 10l ek o]

755 AR e < gl Skt
£.(P@) =w, - g,(P(1),g,(p(1). g, (@) +w, - g, (p())
w, w,=0 or 1 (10)

g.(p®) =p@)]-ksin(er), k0 |p(@)

l4~17ﬁ§ A 9 7] HH—,—O]T;]—[34

FFoll 28 sinusoidal motionS T-A3}7] 1A AKIEH:
5 ARESISITE ARISHFe] 2152 @Al st ] Al7lel B
s A FANARE ofF o WIE FLE | kS
itk ARl ﬂ’“«l F7)E oF 3z Ao, oE
A3 Ag1e] 735 viE 14l 1854 e TFS7] el
H Az

S 9181 771 sl @
o7 WAFA Lar YojA % =

:\9

‘secondary actions’ = 5

a7 F712 npgog 44
2 A T 71 s shalch o1 s,
w wEA S A mS Aol vk Sinusoidal
motion'=. WFRF7}A] o T,

VL 8 23
1. MY 2
Aerer e A5 98] 1 a9k Pol AR A

o
0)1'

2RO A gic}. 12 AHEE 7Y, =4 4 AR,

TAE 6 ARE, 9 2 AFER AR FEE ZRE

AR c}o]urum RX-64, RX-24F, DX-117 Al 7} E}S}&

ARSI

2. DynamicsOll M2 FH g
M VI Aol A 97149

A5}
7] dynamicsE g3H3ATE 17
74 1dlo] A8 Axlolr} 19

st 71 E40 ot 54 7 2
S@e 1)) A% Al 23 s Al Ths] uhize

T4 4. A3 AHEE dE 25
Fig. 4. Facial Robot for experiments.

2elol Il

[
o]

ot 229 €= HAXN dd 499

I I | I ) I
\ P r‘-‘*l% A"*l% A"*I&h A“‘

(d) Dynamics 7 : 7,=0.125, {=0.1.
% 5. 718 FAol A dynamics 3}l W X Q] W3l
Fig. 5. Changes in happiness expressions according to the dynamics.

(@2 -5 718 xAgo] W =AY (b)) A9t A
3] Uehes g1 5= Atk 27 5@ (E vas|R,
7+2Jn)2] 2ol = Q&) (a)i= overshoot 1] IHE =3 X
o] =E3HA|TE (d):= overshoot ©] HAYSI] HE A O
siobh A AR Fopke =3 Aol yEhd
5(c)2] 7-$-oll= overshoot ©] BHAISFA|RE (d)ol] H]EH/\%‘C— ¥4
o] H#3] YEIIAL overshoot o] F7|%= 2 548 WOl
=, A Al AHE 2t 2 g el dish
A e w49l MEE 9% 4 9

3. A-I‘=' 7:/\|. 711|.

]HH

“ﬂ;q Azl ShA 3dE S etk Ul T
o] @ielm, & 7HA 7] Gl thsl ol W (linear
affect expressions space model T+ A8} Ao+t W (dynamic
emotion model, secondary actions, facial actions F7hH°.= THE
2o 4 9 F S Atk 10719 @em A4
o] vk & s=FollA Aljkel oz v xAe AL
A% dynamics 59} facial action -l H 3 lEln|E
e 3k 20 ottt AISHe WhHo] vk g °ﬂ/‘1 a
of Ak 23] 145 Adshed aAIA A5
el v v 7 SRS st 94 18 23l



500

Jeong Woo Park, Woo Hyun Kim, Won Hyong Lee, Hui Sung Lee, and Myung Jin Chung

¥ 2. 7F odol AFE-E dynamics E5F 2 parameter Ak

Table 2. Types of the dynamics and parameter values for each video.

Dynamics Parameters for Facial Actions
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Video 4 Dynamics3 T, :29ms ~ 73ms
Dynamics8 T, : 500ms ~ 1250ms
. T - 40ms ~ 160ms
Video 5 gyynnﬁzz; T, :29ms ~ 73ms
T, : 250ms ~ 625ms
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