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Study on Face Robot for Active Human Interface
—Mechanisms of Face Robot and Facial Expressions of 6 Basic Emotions—

Hiroshi Kobayashi*', Fumio Hara*?, Gou Uchida** and Munehisa Ohno*?

In order to develop “Active Human Interface (AHI)” that realizes heart-to-heart communication between intelli-
gent machine and human being, we’ve been undertaking the investigation of the method for improving the sensitivity
or “KANSEI” communication between intelligent machine and human being. This paper deals with the mechanical
aspects of “Face Robot” that produces facial expressions in order to express the artificial emotions as similar as
human being. As actuators move the face skin of the face robot, we select the flexible microactuator (FMA) driven
by air pressure for the sake of moving the control points of the face robot corresponding to Action Unit (AU)s, and
we design the aluminium frame of the Face Robot for disposing the FMA and then we make the skull frame onto the
aluminjum frame. The skin of the face robot made by silicon rubber covers up the skull frame. Then we undertake
psychological recognition test by showing the face images of 6 basic facial expressions expressed on the Face Robot,
and the results show us that the correct recognition ratio accomplishes 83.3% for 6 basic facial expressions. This high
ratio shows the possibility of Face Robot as a “KANSEI” communication medium between intelligent machine and

human being.
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Fig.1 Schematic diagram of human and machine interaction
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Table1l Required Action Unit (AU)s for expressing
6 basic facial expressions

AU No. Appearance Changes
1 Inner Brow Raiser
2 Outer Brow Raiser
4 Brow Lowerer
5 Upper Lid Raiser
6 Cheek Raiser & Lid Compressor
7 Lid Tightener
9 Nose Wrinkler
10 Upper Lid Raiser
12 Lip Corner Puller
15 Lip Corner Depressor
17 Chin Raiser
20 Lip Stretcher
25 Lips Part
26 Jaw Drop

Table2 6 basic facial expressions organized by AUs

Expression Action Units
Surprise 1+2+5+26
Fear 1+2+4+5+7+20+25, 26
Disgust 4+9+17
Anger 4+5+74+10+25, 26
Happiness 6-+12(+26)
Sadness 1+4+15
Table3 Correspondence of AUs to Control Points
Action Unit Control Point
Number Right Left
1 2 3
2 1 4
4 5, 6 7, 8
5 9 10
6 11 12
7 9 10
9 13
10 13
12 11 12
15 16 17
17 ' 18
20 u | 15
25 18
26 18 & Motor
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Fig.4 Position of control points

Fig.5 Degree of freedom of eyeball
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Fig.6 Degree of freedom of the head
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Table4 Required dispclacement of Control Points and the
length of FMA

Control point Required Length of
displacement FMA driver
Right Left [mm] part [mm]
2 3 12.0
104
6 7 12.0
1 4 9.6
5 8 2.4
60
9 10 11.0
11 12 10.8
16 17 6.0
13 6.0 40
18 4.8
14 15 3.6 30

Fig.9 Disposition of FMA
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T, WEXALTIRETROBCHEL2 203 L. B
X, AUSICHINT 3 Ligx ET 288, @I TWw3

&, LTV 3HBED 3RENDH 5. HFFFETIZ, FMA D
BARE%Z AUS5, 220 LB®#¥5 EFTwaREIHIGE
¥, LECEATTVwABE LU TV 3561 FMA 2 iy
ZHICEDERT S,

ZOBOES L EE DD fFidDi»iz, Fig 10 1ZRL
7- L EREXELES & T MER BIIR D Seim i B FTRE R BT & 2 2
B3 20BftHEEZERCESETVE, KM EBOBRE
HAOREMNAREC K 2. IR ZDAERE, BOLTEE
ZHECTEBROESEL BIZE3AR TR 72D T3) Lk
wOT, Fig. 11 ZRT IICEBFEERCZNLRILBDO Y
VarvITrkEEL, FOLiCyVar T LEMERVELT
BETIZ L. ZOBMDFIAECED, BOERLIG
CTEBOBHEDL S Z L BAREICK .

M AAWOBREEE % Fig. 121077, OB T
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Driver part

for upper eyelid Universal Joint Fixed

Gear for lower eyelid
Eyeball

Driver part for lower eyelid

Fig. 10 Mechanism of eyelid movement
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Driver part
for upper eyelid

Skin

Attachment for lower eyelid

Fig. 11 Connective mechanism of eyelid
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Fig. 12 Mechanism of chin movement
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Fig. 13 Control system
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TRELLZBRENEZXD, 2 ¥— FAROBRRIIC LD FMA
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Table5 Implemented displacement of Control Points

Control point Required Implemented
displacement displacement
Right Left [mm] [mm]
2 3 12.0 16.0
6 7 12.0 11.0
1 4 9.6 13.5
5 8 2.4 4.5
9 10 11.0 14.0
11 12 10.8 14.0
16 17 6.0 9.0
13 6.0 8.0
18 4.8 5.5
14 15 3.6 8.0
4. REORHKR

4.1 IS OBEE

BHoRy bZBWLT, ZEFRHCLELZE AUNERS L
T2 PHERT /-0, SHESORBEOBEES+9THS
»EPEFRL. FMA OB, ANEKEH L ERSR (2
R— b)) ORBFRICIKET 528, SERBERALEV-E S
L, AWZERE2 4 KECLEBEESOHEASOBEHE + HIE
Lz, BIEREIE3ATHELIZ LS ICETFTATF—7%2B03
HiETH 2. Table 5 iCHIESOBEELTYT. Zhibv, #l
HE6 TOBMELOILICED ZWiE»iZ, LEBEEL
LOBEBENFONTVE I ENDDS. I TOLERER
BHETHLHETH LD T, FHROXBEEHERICB T2
HESOBBHREIE, EoRy POEDDL D RFBIZIEL TEF
DD FLERHEND LS ITBAL.
ARXTOEO Ry I, 18DHHASOEB = 2HArEbE
5% L TCTable 6 I CRT 24 DAUREBRT 2 LBTE
7o 2B, BuRy bTERTETOUEWVWAUR, 1) O%¢
ZOLEE 2) B2’o7DIRVEDT2ECHESIEDE
&, 3) BOROE;E, 4) FrH-71-8Z2TH3.

4.2 6 BERWHRHER & * OFHE

Table 2 IZREVEET Ry b Q&S % FMA I X DEhh L,
EHoRy M6 BARBrRY &€/, Fig. 1412 (437 OF
EOEARBOEERER2TT. INODRBFNRLIEINLTY
Z0FHHT 57:0, UTO XS5 0BEBRYERL::. T4b
B, HoRy bIRE L7 6 EEARIFOEHE 2 HEBRE IR,
ENxTAT7TTY— (b, Bx, Bh, BE, 8D, Fu,
ELA) CHBT2HEMELTH S5, HREZEREOAR
KDOWLTEANCIEE2Z T THuRW I ADEETH 2. B
Ty b OBEEEVERRTRIEE IS, HEREL L DORIFITHW
LTWahEEED, , ZO#E% Table T I2RT. TR
X0, [Bh] OEMREH53% LKL, »DOEE | ICEIH/L
RTWLIENRPE. IhiE, BREOBHMIIEEICL AT
BORBEXBOIFE2Z I TOEVARZFORBEDEIIL W
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NEUTﬁAL

ANGER

HAPPINESS

Fig. 14 Neutral and 6 basic facial expressions expressed by face

robot

Table 6 Implemented AUs of Face Robot

AU No. Appearance Changes

1 Inner Brow Raiser

2 Outer Brow Raiser

4 Brow Lowerer

5 Upper Lid Raiser

6 Cheek Raiser & Lid Compressor
/s Lid Tightener

9 Nose Wrinkler

10 Upper Lid Raiser
11 Nasolabial Furrow Deepener
12 Lip Corner Puller
14 Dimpler
15 Lip Corner Depressor
16 Lower Lip Depressor
17 Chin Raiser
20 Lip Stretcher
25 Lips Part
26 Jaw Drop
2., Mouth Stsatcn
41 Lid Droop
42 Slit--Optional
43 Eyes Closed--Optional
44 Squint
45 Blink--Optional
46 Wink--Optional

o THbEEbNE (LHk[13], p.50). L»L, 6FHAKE
BIZDWTOFEHTIZ83.3% LWV BVLABREEENBE O
rz. 2O, REZBOINEEZ T ADHEDRE LU 6 %
KEEEBAL 123BE O EREED 87%[22] L IZIZFRFED
ETHY, EHORY ML) 6 HEARENREIRHINATWVS
T EDIIN D,

JRSJ Vol.12 No. 1

Table 7 Recognition result of 6 basic facial
expressions expressed by Face Robot

unit : %
Recognition result

Su | Fe | Di | An | Ha | Sa

_ Surprise (Su) 97 3 0 0 0 0
2 | Fear (Fe) 27 53|10 3|07
£ | Disgust (Di) 0|0 |7|20]0]3
_::: Anger (An) 3 3 10 | 84 0 0
E Happiness (Ha) 0 0 3 3 94 0
Sadness (Sa) 0 0 3 0 0 | 97

5. ¥ & &

AR, ABE#EEoaIa=r—yaicsnt, #
B ANBOGHCHS BT, ABMCEERICEE»T5
CLRARICTAEODOHE L WA VY 7 2 —ATH S Active

Human Interface (AHI) #EET 2700 —FEOWED 1D

TH3. K@wXTiE, VAR 2=r—va>r¥5/

DIz, B (L] £ NSBRONIKRES, AMER

BERECL ) RRGET 2Ry POEE - BB L RE

FHOFIEZ OV THRE L.

7, BHoRy PRREFERETAD0T7 7 F 22—k
LTC7vFyIa~vq4 a7 r7Fax—% (FMA) 28UV, %
NI XD EBEEREMTEETH 2 Z L 2R LTz RIZ, RERD
MD/8F A —% L LT Action Unit (AU) 2#HL, AU ®%#3H
Tx2EoRy bOBELEERHS»ICL. £L T, BEo
Ry FERHL 6 HAREZ 30 AOFEEITRL THHBT A
b REMLER, FH83.3%DRBEEENE SN, BHO
Ry b DOREEHBHFICER SN, , EoRy b2 AR
MeDIIa=yr—va ilBUI23EERHAT47ELT
DHJEEMED H B Z & #HEFEL 72
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BEO Ry M, AUDHERICE D 6 ERFRELN KL 1
EEERHUTLIENTEDZEEZON, ThoBERREES
AEID LS CHARKCEETE 2 X511, FMA KU 7 7 +
2 T—F 2WMHRNC 2 DEIRNICHIET 2 FExBHoshIcT 2 F
ETH5.

%2, o Ry O AHI LA OFIHE O aJEEMIC D v Tl
NTHELIERTE. HuRy b hRErEETE, »
DENS ZHRICHERTE 2 2 o, FRMCITOESER
ORI E L THIRE B Z L, £, BEOEEEDI I 2=
T—vaORRNEIERAAT 4 7L TOARERDH 2 Z &,
B oI, BREHSCBVTETETSLBECELITHS I
FoRy bR, HEOHTREDRDY 2T 20Ky by,
BRRT 7V r—va v SR CE 2 L EESIZEZ TV 3.

EHoRy hOBIEOBENE HHCHEBL T 72D, Hhe

FMA 28t L T2 3 o - (B RZDOHBE—KIZ U o ()
REDBERERAIT L S B#VZ LT,
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