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A Face Robot Actuated with Artificial Muscle
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(Jongwon Kwak , HOJun Chi, Kwangmok Jung, Jaedo Nam, Jaewook Jeon, and Hyoukryeol Chot)

Abstract : Face robots capable of expressing their emotional status, can be adopted as an efficient tool for friendly communication
between the human and the machine. In this paper, we present a face robot actuated with artificial muscle based on dielectric
elastomer. By exploiting the properties of polymers, it is possible to actuate the covering skin, eyes as well as provide human-like
expressivity without employing complicated mechanisms. The robot is driven by seven types of actuator modules such as eye,
eyebrow, eyelid, brow, cheek, jaw and neck module corresponding to movements of facial muscles. Although they are only part of
the whole set of facial motions, our approach is sufficient to generate six fundamental facial expressions such as surprise, fear, anger,
disgust, sadness, and happiness. Each module communicates with the others via CAN communication protocol for the desired
emotional expressions, the facial motions are generated by combining the motions of each actuator module. A prototype of the robot
has been developed and several experiments have been conducted to validate its feasibility.

Keywords : face robot, head robot, artificial muscle, dielectric elastomer
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Table 1. List of Aus.

AU FACS Name Muscular Basis
1 Inner Brow Raiser Frontalis, Pars Medialis
2 Outer Brow Raiser Frontalis, Pars Lateralis
Depressor Glabellae,
4 Brow Lowerer Depressor Supercilli,
Corrugator
5 Upper Lid Raiser Levator Palpebrae Superioris
. Orbicularis Oculi,
6 Cheek Raiser Pars Orbitalis
- Orbicularis Oculi,
7 Lid Tightener Pars Palebralis
9 Nose Wrinkler Levator Labii Supe?nons,
Alaeque Nasi
. . Levator Labii Superioris,
10 U LipR o
pper Lip Raiset Caput Infraorbitalis
15 Lip Comer Depressor Triangularis
17 Chin Raiser Mentalis
20 Lip Stretcher Risorius
24 Lip Pressor Orbicularis Oris
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2 Dr
6 Jaw Drop Internal Pterygoid Relaxed
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Fig. 1. Actuation points.
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Fig. 2. Six. basic facial expressions.
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Fig. 3. Comparison of marker position for six basic facial
expressions.
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Table 2. Relation between six facial expressions and AUS.
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Fig. 4. Facerobot.
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Table 3. DOF of modules in face robot.

module dof | number of module subtotal
neck 3 1 3
jaw 1 1 1
eye 5 2 10
eyebrow 2 2 4
Eyelid 1 2 2
Cheek 1 2 2
Forehead 2 1 2
Total 24

LEARES T Y= BT PEAZ 2
J2E BT 230 Yol YT 4 Y= 209s

b o
{

)
@ 7

V. d==2% 7187| 25

1. F84 TEXe| sz
d 122N Dielectric elastomer) 7}H30] A &3}pIL uf9-
7hq$-n AlZel golgliths AL 7R 7] Wil &
AR ATEol Ao, TG RS H|EE o
G Zofll Ho) o] 7oA a ITH9,10,11,13].

TR EAE o8 T dYE s A
3l ot ok fRAd TEAY] Y R=ge ASS
Pl FHtS e FE T Bole= Y4 $o] Hl)
ofate] sl Ax7)A Qo] wAsta o= k] 1
A FAAE FA Bgo R 4F AHYFoRE FA}S
sty FEETt A4 EARE %771 (electrostatic fome)—%
ol-&3t 7‘57]9} v*} 3 AFel 7] 9]5]1/\1

A}

2 7=

|

2

vV

oc=¢¢E =¢e¢, (*j
t

A7 E =
= rbe Agdeld 32T &,

A7Vl t & IEAY AT T, ¥
, & T 4z 3719 e

AEAY] HHES YepT) oA WAk Al o
&l A7) T e aye sl A AP)E xﬂJ—?s]-
ool n]ElBithE RS & 4 Q) B AT Aled &

A4 i AR e {4 R By °“/‘i
5 wEw uag £ WelE N gtk 2 ATl £
4 DPAE ol88 thke Fele) TS slLee del
24 pug 75 A9 wEel 483
2. & B8

= 289 FE7lE I3 Ue P28 A Ak 2
Wprestraim A7) F Fo] {4 182 BEo] XA NE
NEow AAA glow, Aztel #34 e} BB 7
83t e 47fe) FEldE AR HFog 38 HolJrH10).
7 A% dRe] A4 Agke oA sHfEe ¢

HO - Xs8 - AIAERESSE

rir
MO
]
=
=

2, M 11 & 2004. 11

Dielectric elastomer
(Coated with electrode)

Plastic frame

Eyeball

a9 7. ' 187 HE
Fig. 7. Configuration of eye module.

Patterned electrode

N~

Dielectric elastomer

I3 8 78] AR
Fig. 8. Patterned electrode of eye module.

o ko2 0150}7“ 5]“‘1 Hith = i
A4 Fes FEep S R Beioin Ak
719 el AL 018 F2T A

F T7EY ZAEL 93 A AEL T4 w7 AEER
2, DAC(Digital to Analog Converter) AANEZ7| 17
HVDC(DC to high voltage DC Converter)2 45| glr}. =
CAN ERIA|H(Transceiven) & -3l £]F-obe] §A18 & 4

X0, o

© g

2s
34 B olnh, w4, & FEUIR FAE 9o o
#sl7] A8l Sek2E =Y 9ol XA M5 o™
W 7717 AR ERITH13). SRR g AR E T

ANTLA(ANTagonistically Driven Linear Actuator)2}3l &
$= 787101 13 9 ANTLAS] T548E £ 757
o] e}t fARBI g EojA] Aol AYL shetAl =R
BHo = FHdo] o]ga Hv] BE TEIA HW A%O
2 F8doe] oA HE ZioZ AT ¢ IAAR
TEdEE FuEH (1312 2EE A).

t:m Ir ﬁ
u 5

O

2l

71

offl ot

rlr rlr m\m

R



Journal of Control, Automation, and Systems Engineering Vol. 10, No. 11, November 2004 995

Moving Direction P .
& tretching Electrodes Quiput Terminal
\ Electrode B \“y\ o~

»
Electrode A

Electrode C N
/ : \\
/ / N
Insulating Film | Frame

Presereivhed Elastomer
1% 9. ANTLAY] &
Fig. 9. Configuration of ANTLA.

B AFME olnte] FEE R3] A
o] FAANTLAS AER Adste] TERE
Aok T 22 "] FENZE
4 I = glem o= Qe F
AL FHsF I 10b)E TR 24UL ®
3 AR TE7) Yejolr). sy, He9 nEARIS B4
171 93 a7le] Ae HES et 523 a9 0es B

SAPS FH3] A8 ARE T57) Fejolok Bol
21 FAAE AL BT 98 209 A5 w-e
TAAE ok A=cet MF Dol AYE e w4
Az Aol A= A%t A Bel| AstE AUt &

olef 2 FAQIch A= A9 A= D B A= B} A
Col ALe Q7 H¥ w5 vEHS ®d
& ek

R 2Ed e P17 ARREY] g diolE o
43 ONJOFFAE o] &3 75y S 48330k

o] R BEo 1TEI| FEg g AlLHL vpo]AR
ZAEZ?], DAC, QA5 7], bl Jela X EAS
2)(Photocoupler)?t LAY He 0|2 FAH Qick. XEAZ
B et Helols} mle|laR AEZFEE W|How &
AA RS FAF7] A8 AREEglen, ko
B AR ZRE A% 2det HYE 2935
A

A 9579 FHYE BTN 715 S dvk

Ol

fo ro Kt pd lo

u

B2 2 P a73hs B0 pC AHEHE o]43td
et o #49e A 218 13 22 vAUSES
AQBIQitt. & 3RREE 2o Abslel PichFOZ 27]9)
AGEE 711 9od YawEo = 7)Y ARES JHA L
ATk AAl QIzbe] H-2 774e] Wz s glon o
7y wie] 23how dste $AUE devh G 2R
Ae A3k 53 U AR 2ARPE E7FsEE
2 3HEE At 3AH=E 7 /19 Pich& 5
=9t 3 A9 YawFAHEE T4H oW PichFHE
9 A WS 6L YawFH oo IRHEE 4EY
O

e $4YE 9 F 9
2 7F Az9e A2z Fol7] 5 29 129 2L
= waisich AgE 2 AEgels 9%

HE] AESE /2
2k9] CAN B4, #14 A4, PID Aol B3she vholazrd
EE9 E¥H 758 H-Bridges WHdIL =
LMDI18200(24V, 3A)5 2.2 A vk 4o 75 2

(a) Forehead

Electrode A Electrode B

e

Electrode C Electrode D

(b) Eyebrow

(c) Cheek

a% 10, % 2E 787).
Fig. 10. Actuators of the skin module.

a9 1L B wAYE.
Fig. 11. Neck mechanism.

PICISF258

CAN Transceiver ~LMD18200
I¥ 12. RE] AEEH,
Fig. 12. Motor Controller.



996 Mo - Xssh - MAESE =2X H 10 2, H 11 & 2004 11

t 2 AEZE AZFozM XU TEIING F+£ Aotk 7 “Neck Control View’ 2 2] £29& o3}
EE ALES AHE 5 A HA 7] A3 g Ame} ARk AAskz Folth wiAge
5. Ela} SHE 82 ‘CAN Control View' 2 =253} Q1EH|o]27r2] CAN

B3 £ €9 B2 RC AREEE o]83te] T TS A% 2718 2 FEE A= Foloh
o RC MEEE= Fxo] Fog T ZbE7) AojHY o|& Aot 22 dHFH)=E *P%aﬂibﬂ AR dEER
A 95 BREA AR e vio|ARAEZ ] Hlo|uE o ¥A4& s 7T £ gle B oplet dF 4 R
©]-8-3 PWM(Pulse Width Modulation) 2.2 523} A|o1& < A9 AL TFOl 71~ao}E‘r. b 671Ae) 71 EEA
A=F 3k ol9le] the A9 TR F83HA AR & e 87

o|tt.
VI 4¥ 2. 28 7S 4

2 A7ME 29 19 2 dFREANSDE LS AFEHL &, T4, TAE, ov}, &, H, B9 $19e
on] 7} wge] FEdd REel BF A dEEiE T 5 9gon 4 g FEAEL PGt 18
ol ¢ BATILIL TN 145 A7 3d Holgls ASo] etR FH el olnt]
1. 84 °|E-{nﬂ0|/~ SAUE BT I8 15& 2719 dFes Hyez 7

dERel TEE sl 28 137 &2 A AFH A Zo] 93 YAXE $HYe nAFTh ¥ 163 17
S %1“ A AEfslol FH3AT 74 < & o] el B2 T1golAE FAYT Fol e, #
Halo]2ae T8 1394 12 FAIE AlEwlold g3 2~84] /98 Ro)= BA&S Hoznh 18 188 ¥ Zo] £
dgshs ¥E For FRAC AlEUeld AL AHAE 02 gl 924w 78 192 Eo] Wolx)= T1e 3}
23| Al WEe 7)ol 2 2 v)g] HojFo] F Moz wazch vixgto gz Iy 208 379 & sk 2
g gao] YAk A wAsET o] FlolE BHE BolFE ARzlojth

g AL 24 2Ee] Alojgke A AAsFAY vl Al 3. Y 7 48

B Holde 4 ZE9 Aojgts AFste] AA HEHS T e dFERe = 4 EAE on) E g Eo o

"]7]‘:]' HE o) AR Wy g Z2v oyl 2&
‘Expressmn Selection View’ 2 1)2] AlEE 222 279 7

0 P4 o =z 2~
‘El‘, EU, W, = o, ‘1/:1‘, 6‘%_9_ ;1.7(—] EO%E 9\1]\1._

o)t} 3% ‘Relay Control View'Z 3% g9l Hyo]E 7|
A o317 Ak Aolth 4+ Jaw and Eyelid Control View’ =
g ¥AZe] £49S RCAHELHE o] 83l |ojs}]
A3}k o]t} 5= ‘HighVoltage Control View’ & 35 FEo] 4

A}-Q—'E?]—L‘— F2AY A2 AgHWS AAF= Folt) 6 Down Neutral Up
2 ‘Eye Control View' 2 2] A3}, #/9-9 2-29& AA3 9 15 Be] 279

Fig. 15. Movement of cheek.

PR LE LT
San ] Fem | 2P ST 80 1 o
0 2l ¥
TSatipers]  pewer ) Digen | * AN
Mestal | Aosty i o ]

S e Acgtn

a8 13, 7A o]z,
Fig. 13. User interface.

(c) Tilt down

a3 14. o9k &9l a9 16, =49 449
Fig. 14. Movement of forehead. Fig. 16. Movement of eyebrow.



Journal of Control, Automation, and Systems Engineering Vol. 10, No. 11,

(c) Left (d) Right
29 17, el £49),

Fig. 17. Movement of eye.
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Fig. 18. Movement of eyelid.
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Table 4. AUs for the expression and neck/eyes motion.

Expression AUs Eyes and neck motion
Surprise 1,2,5,26 Eyes Up
Fear 1,2,5 -
Disgust 4,6,17,41 -
Anger 2,17 Neck Down
Happiness 6,26 -
Sadness 1,24, 41 Eyes Down

7(e) Happiness
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( Sadnss

Fig. 21. Six facial expressions of the face robot.
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