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Dynamic Display of Facial Expressions on the Face Robot with a Life Mask
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In face-to-face communication, we use not only verbal medium but also non-verbal medium for
communication. In particular facial expressions are very imortant for emotional communication
because they show emotions and feelings effectively. Therefore it is thought that facial expressions
are necessary in order to make human-robot communication more naturally. In this paper, “Face
Robot” that has human-like appearance and can display facial expressions similar to human being
is developed. In order to improve the humanity, the skin of the face robot is taken from the cast of
female’s face (i.e. life-mask). We then add and improve control points of the face robot according
to features of her face. Moreover we analyze her facial expressions in order to mimic her real-time
facial expressions with the face robot. We then confirm that mimicking of her real-time facial
expressions and face features with the face robot are reproduced successfully. Finally, we compare
their facial expressions by comparison of facial characteristics points and sensory evaluations.
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Fig. 1 The process of forming life-mask
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Fig.2 Inner structure
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Fig. 6 Characteristics of McKibben artificial muscle
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Table 1 Required AUs (Action Units) for

6 typical facial expressions
Control point
AU Appearance change Right —%—
1 Inner Brow Raiser 2 3
2 QOuter Brow Raiser 1 4
4 Brow Lowerer 5 6 7, 8
5 Upper Lid Raiser 9 10
6 Cheek Raiser 17 18
7 Lid Tightener 11, 13 ] 12, 14
9 Nose Wrinkler 19
10 | Upper Lip Raiser 21 22
12 | Lip Comer Puller 20 23
15 Lip Comer Depressor 27 30
17 Chin Raiser 29
20 | Lip Stretcher 25 | 2
25 Lips part 31
26 | Jaw Drop 32

Fig. 8 Control points
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(c) Stretching lips (d)cker lips
Fig. 10 Connector for m. orbicularis oculi motion

Fig. 11 Mechanism of m. orbicularis oculi motion

— 116 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

TATRAZ BHOIET Ry M2 X 2EINEBES 117

Fig.12 Mechanism of m. mentalis motion
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Table2 6 typical facial expressions organized by AUs

Facial expression Action Units (AUs)
Surprise 1+2+5+18+26

Fear 1-42+4-+5+7420H25, 26
Disgust 4+6+9+17

Anger 4+5+7+10+25, 26
Happiness 6+12 (+26)

Sadness 1+4+15

Table3 Required length and quantity of Mckibben
artificial muscle for each control point

Control Point _[Actuator number| Required length Quantity
Right | Left | Right Left [mm]

1 4 1 2 9% 2
2 3 3 4 90 2
5 8 5 6 90 2
6 7 7 8 120 2
9 10 9 10 110 2
11 12 |11+12|13+14 80 4
13 14 15 16 110 2
15 16 17 18 110 2
17 18 19 20 9% 2
19 21 130 1

20 23 22 23 90 2
21 22 24 25 9% 2
24 26 27 110 2

25 26 28 29 90 2
27 30 30 31 90 2
28 32 33 130 2

29 34 35 90 2

31 36 37 90 2

32 38+39 110 2

Fig.13 6 typical facial expressions
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Fig. 14 Facial characteristic points (FCPs)

Fig. 15 Control procedure
Table 4 Correspondence of FCPs to CPs

. Control Point
FCP No. Direction R ght Lokt
1 + 9 10
— 11 12
2-X + 6 7
+ 2 3
2-Y — 6 7
3 + 1+2 3+4
— 5+6 7+8
4 + 29
- 31+32
5 + 13 14
— 15 16
+ 21 22
6 = 2
+ 28
X — 20+25 | 23+26
+ 20 23
Y = 7 30
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Table5 Maximum and average of the absolute error between
target and actual displacements in FCPs

Facial Facial Characteristic Points (FCPs)
expression 1 22X2Y 3 4 5 6 7X 7Y
— Max} 03 — 01 03 05 02 — — -—
Suprise | Ave 101 — 00 01 04 01 — — —
e [Max {03 — 03 04 05 — — 04 04
Ave. |01 — 01 01 02 — — 01 01
o Max.| 04 05 04 02 02 01 03 04 05
S | Ave.| 02 02 01 01 01 00 01 01 02
e |MaX] — 02 02 03 04 — — 04 05
ST JAvel — 00 00 01 02 — — 01 02
Honiess |[MEX] 02— — = 04 02 03 02 03
PPN | Ave 01 — — — 01 00 01 01 01
Max| 03 02 03 02 02 — 04 04 05
- Sadness | e 101 01 01 01 00 — 01 01 02
Unit {[mm] Max. : Maximum error
Ave. : Average error
’ 5.0
Fig. 16 Time series of facial image from “neutral » E 4o |i®Human
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Fig. 17 Dynamic expression of “Surprise”
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Table 6 Comparison of each FCP's displacement in 6 typical
facial expressions between the human and the face robot

Facial Facial Characteristic Points (FCPs)
expression 1 22X2Y 3 4 5 6 7X7Y
Hu [23 — 37 40 -179-13 — — —
Surprise [ FR 123 — 39 40 -176-13 — — —
Emor/00 — 02 00 03 00 — — —
Hu |37 — 85 72 45 — — 27 46
Fear |FR |37 — 86 74 43 — — 29 46
Emor| 00 — 01 02 02 — — 02 01
Hu |-29 26 -35 -21 04 33 15 14 -67
Disgust | FR |-29 26 -35 -20 -04 32 15 14 -65
Eror| 00 00 00 01 00 01 00 00 02
Hu| — 20 26 23 44 — — -15 -54
Anger {FR I — 20 26 22 41 — — -15 -51
Eporf — 00 00 01 03 — — 00 03
Hu |-11 — — — 20 13 27 -18 23
Happiness| FR |-10 — — — 18 13 25 -1.7 22
Emor{01 — — — 02 00 03 01 0.1
Hu [-18 29 04 -13 24 — -18 11 97
Sadness | FR [|-1.8 29 04 -12 24 — -19 1.1 98
Emorf 0.0 00 00 01 00 — 01 00 0.1
Unit [mm]

Table7 Result of facial recognition rate and evaluation of
similarity between the human and the face robot

Recognition result [%] Similarity
Su | Fe Di | An Ha Sa | Ave.| SD
Surprise || 9671 33 | 00 | 00 | 00 0.0 083 | 083
(Su) (867 (133)| 0.0) | QO) | (0.0 | OO | )
Fear 1331633 00 [ 100 00 | 133 130 | 070
2 (Fe) (2336000167 (0.0) | (0.0) | (0.0) i
2| Disgust | 00 | 00 | 867 [ 100 | 00 33 o | 101
g (Di) 0.0) { (3.3) |(80.0)] (33) | (0.0) |(133)] ~ ’
S| Anger | 33 | 133 100] 700 | 33 0.0
E (An) 0.0) | (3.3)|(10.0)|(86.7)] (0.0) | (0.0) 133 | 0.76
% | Happiness| 00 | 00 [ 33 | 00 | 967 | 00 023 | 104
(Ha) 0.0) | (0.0) | (0.0) | (0.0) [(100.0)] (VO) || )
Sadness | 00 | 67 | 200 | 00 00 | 733 063 | 133
(Sa) (00)} (6.7 ) (0.0) | (0.0) | (0.0) |(93.3)] ’
52 EREFME BARLAHEHoRy MCBELUTHE
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D1 FIELEZD & EOFETF 2B I ZEE T
BRL, ThRLoRIFEES, Bh, 5E By, *
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% &, BYfii(Fear) & %% V) (Anger) DFAE OB 34 & b
_THEBAEO OO, RIEOFERRIIMIZEATE
WORSDL. ABDOETLDBEETHL IO 2 D0DFK
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FOBE DRI LB L CWDHEEZLND. —F
T, B E(Surprise)CBEE(Disgust), & (Happiness)?
FIFITEHEOR Y ORIE XLV LELEMEN B DD 8
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