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Abstract

Background  To develop a robot that shares emotions with humans, it is necessary to study how robots
can express appropriate emotions in various situations. As interest in sterilization to prevent infectious
diseases increases worldwide, the development of autonomous quarantine robots that are capable of
not only quarantine tasks but also emotional exchanges with humans is of interest. Therefore, this study
describes the optimization of a human-robot interaction (HRI) design that facilitates the interaction
between humans and autonomous quarantine robots by designing and developing the facial expressions
of robots so that they can express emotions.

Methods We created a user-robot integration scenario to derive emotional information according
to the situation of the robot. Then, we selected the facial expression of the robot preferred by the user
through a survey and designed the robot's basic expression based on the Action Units (AU) combination.
We derived elements to modulate the intensity of robot emotions based on previous research and
human facial expression verification experiments. Finally, we applied the optimal emotional intensity
factors derived from the analysis of videos showing the facial expressions of a human actor to the facial
expressions of the robot.

Results We derived the optimal emotional intensity factors for producing the seven emotions of
the autonomous quarantine robot and presented them in a graph. As a result, we found the values that
can express the optimal intensity of the seven emotions. In addition, we verified that speed, duration,
eye blinking, and color were appropriate for producing the desired emotional intensity by the robot.
In addition, we developed a facial expression design that can express the optimal emotion of the robot
through the appropriate emotional intensity.

Conclusions  In this study, we add the situations of the user and the robot to the standardized
emotional expression of the robot and derive elements to express the intensity of the emotion. Through
this, the robot can effectively express its emotions and intentions in various environments and can
interact smoothly with humans. In addition, we provide suggestions for developing optimized robots using
basic data so that robot manufacturers and robot experts can implement an emotional system that adds
flexibility to robot behavior.

Keywords Human-Robot Interaction (HRI), Emotional Intensity, Facial Expression Design,
Autonomous Quarantine Robot
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Figure 1 Research method
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Table 1 Development status of autonomous quarantine robots
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Table 2 User-autonomous quarantine robot integration scenario
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Table 4 Facial expression recognition evaluation result
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Figure 4 Robot Face Types Preferred by Adults
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Result of autonomous quarantine robot face preference evaluation
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Action Unit Facial Actions Action Unit Facial Actions
1 Inner Brow Raiser 17 Chin Raiser
2 Outer Brow Raiser 18 Lip Pucker
4 Brow Lowerer 19 Tongue Show
5 Upper Lid Raiser 20 Lip Stretcher
6 Cheek Raiser 23 Lip Tightener
T Lid Tightener 24 Lip Pressor
9 Nose Wrinkler 25 Lips Part
12 Lip Corner Puller 26 Jaw Drop
13 Sharp Lip Puller 27 Mouth Stretch
14 Dimpler 46 Wink
15 Lip Corner Depressor 54 Head Down
16 Lower Lip Depressor 64 Eyes Down

Figure 5 AU and facial movement regions (Ekman, Friesen and Hager, 2002)
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Table 8 5 stages of facial expression design for autonomous quarantine robots
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Table 10 Human facial expression information for 7 emotions
3 it EH A7IxH A7|Xt2 A7Ixt3 A7|RH4 AT|Xt5 A7|xt6

D D D D D D D
DD D DD D D
D D 6D D |uD oD 6D
DD DIDIDID 1D
D) [oD (oD paD D [+ 4D

5. 4. 51X B 91X
6] 7147 BAT 7744
QA= B7HE St 3
Ag e AEAe] g 24

110] veht glom, 771A] 4%

PAol B4 A7k duht g g 2 wdshien obns] 913
23419] AN 127904 8, o HolA 2 A7) HR AL Bolxn
4 Qo A7IAE AGES st AAE B ATHE Table
sfel 3 QUL AT 7140 MEE BAIste] Uehgl.

el
o o H
g

e
[

oL
=2
o,

www.aodr.org 331



Table 11 Result of expression recognition evaluation

TILRHA,B...L)0ll QI5H MHE Ze Xtst BHS BH5H UK HS Hgs
zy Q17| Xt
A B C D E F G H | ) K L HS
Il 4 6 4 4 2 4 1 4 4 1 5 4 4
WErSH 4 5 4 1 1 5 5 5 1 5 3 4 5
CHest 2 1 4 2 1 6 4 4 2 4 6 4 4
OIEARR 5 5 5 1 4 4 5 6 5 5 1 1 5
A 4 5 4 6 6 5 5 6 6 4 6 6 6
e 1 4 4 5 6 6 4 1 4 4 1 4
st 6 4 4 1 6 4 6 4 5 4 4 1 4
FHolAlE AAE SA A71AH6H) B (G2, Wt thysh wEade, ARH, J5shs, T
2l frolgt kol 7k Q=R mhetsl Bkt p-value Ftol 0.00933 024 7t A7|2H59] 74 bl fofet
Zpo](p-value=0.05 71&)7F Aths 282 ¥ 4= AATh
5.5. X8 W9 2Ho| 4™ AT 24 AHS
2R A 24 gARlE TE37] 9150 6] A7I1AE Blste] ¥4 JRE P59y AT BE

%W6WQEHEHZ*Wﬂwﬂﬂﬂﬂiﬂ%ﬁﬁéﬁ@E@%&@ﬂ%%*%%E@ﬂﬂﬁ%
=] 1

W 230 A7 B UAAS TS 4 b A54S B D AFE o B,
1 A o

ARE 7R 24 9= 11# At EA e A3, A ¥ 25| 77 Al tiet 4 A=
4 Q TS AR A= a4E AF5MI

5.5.1. ‘SENO U™ B 2L AHSB
SRR A 2 FE £E+= 559mso|H A9 Po] FH o2 S wf FA O] FAH=
A &A1 2238msel ot =24 Y-S B4 ] AA £l 3336ms %, 485mset 3033ms Al ol 23]
BT FonEoA 253 dF A7 FEE [JTEC124]12, AT 77k A2 A5 3429
U &g dALzlct
— 2 3033
. | b XI&AIZH 2238ms —| o]
S 100 ¥
LH o
=0 —
ol %? B
o OF R
0 JH Mzt AE
N < 559ms r 7EC124
S
O0 1(;00 20‘00 3OI00 4000 O(I) 500 1OI00 15I00 20l00 25I00 3000
A5 (ms) & (ms)

” m m
A
R|&AIZH 2238ms |

A £ 3336ms

T T TA
1000 2000 ~
3033 %

Figure 8 Optimal emotional intensity of ‘Upbeat’ emotions

332 Archives of Design Research 2023. 08. vol 36. no 3



Aol ol=gle w o] FAEE AHATES
, 3808ms Aol 18] 2@ H}, FED|E A

& AF A2 FE= [48A3DAIR, AL Yet g@% Z}
|- XI&AIZt 2840ms — ﬁ 3808
< 100} ; 1+
) <+
H [
id0 ol
Kl i
o Sor Rl A7t
15-0 JH S =
N 4 781ms RM 4BA3DA
Ik
0 L 1 0 L 1 1 1L 1
0 2000 4000 6000 0 1000 2000 3000 4000
£(ms) A5(ms)

mmmmm @

BY 28 5 781ms X|&AI1ZE 2840ms
1000 2000 3000 24000

ﬁxﬂ -i.ﬁE 4887ms
1
3808 4887

A4

[ pa—

Figure 9 Optimal emotional intensity of ‘Apathetic’ emotions

5.5.3. 'CHdst ¥

0¥

EQi#A

ol

AR A9 7 4 £ 5= 589msolH 7L Zldo] FFf o]28-& wf HA o] F-AH= AEHAITS
1765mso|th. #78rde B4 Fdo] AA| =91 2987ms %, 591mse} 2866ms Aol 23] 3 HH
FoulgoA &35 9= M2 FT= [2DACATIE, AtaEshe Atdre] e AP AAFL wEgt
oju|A & AL gic,
ol 2866
. | | XI&AIZt 1765ms —f @
&\i 100 -(l-
H oK
%0 5
Kl i . 5o
=7 50+ N
2 ¥ Mz as
~I ¢ 589ms &l 2DACA47
Ik
0 v v T T T T T T r
0 1000 2000 3000 0 500 1000 1500 2000 2500 3000
A%(ms) A=(ms)

28 25 589ms X|&AIZH1765ms |

A &£ 2987ms
A

= 1000 2000
0 591 ot 57

Figure 10 Optimal emotional intensity of ‘Loving’ emotions

www.aodr.org 333



ol

5.5.4, TIEEARN AP Az 24 A
WA A Y 7 £ 1080mso|™ A9 o] Ao o|2FS u o] fAEHE
A&A 7 3983 mso] S g4 T8 AA £x9l 6632ms %, 1298ms, 2264ms, 3800ms,
5088ms, 6378ms Al 01] 53] 2dET. FouEoA 5% 92 M7 I E5+& [60BB46ICE, AF-FL

7)%o] £ 1AL AFHL.

_YL
fr
N
JE
el EIQ,

6
ool AR 39EIms & sl 6378
kol < 5088
H o 4
X
a0 ol 3800
rd I 3
= 50 =1
_(‘)K_E) '}H oL 2264 Mz AE
nd <« 1080ms RT L 1298 BOBE4E
Ik
0 ‘ . ‘ o
0 2000 4000 6000 8000 0 1000 2000 3000 4000 5000 6000
A5(ms) £&(ms)

X|£A|2E 3983ms
HH &&= 6632ms

3000 2 4000 5000 = 6000 = o3
3800 5088 6378

w8 24 7 4EE 1015msold 249 A0] Adel o2 8 ) Ao
A4 A7k 1249msolct, 7

Jo
)
)
rr

kel 4 FE9 FA £541 2594ms 5, 480ms Al 13] xAH ).
Bouolgo|A $&3% A2 M7 F=+= [2792D0]1 2, Bty o2 ot LS B A2t
F XIZA1Z¢ 1249ms ﬁ 480
100} ) 1t
= <F
oK
&0 o0
Kkl &
o 50 Eu
K
N < 1015ms Jﬁ[ 2792D0
0 . ol . . . .
0 1000 2000 3000 0 500 1000 1500 2000 2500
£ (ms) £ (ms)

-t N
o >

| =Y 78 &% 1015ms Il XI&A|ZH 1249ms |

| A S 2594ms

T A T T 1
e 1000 2000

0 480 2594

Figure 12 Optimal emotional intensity of ‘Spent’ emotions

334 Archives of Design Research 2023. 08. vol 36. no 3



5.5.6. UEst=" 2H ZE 24 AHE

HFohs' A9 24 79 $E& 851mseln #A Y] WPo] FH ol o]2g S u o] FAHE
A &A1 1863mso|th. A Y-S 4 A9 AA £%=<1 2890ms &, 919ms Aol 13] FHH
FongA 253 d& A7 ZE& [FFDDO0)2 2, FAES stete] S ol w4S Ayt

— 100k |— XIAI2+ 1863ms —| @ Al 919

® T

H i

0 !

Kl 3

of 50 R

R0 IH Mzt ac

Nl < 851ms JRI[ FFDDOO

00 10|00 20|00 3000 06 560 10I00 15I00 20I00 25I00 30I00
£ (ms) £5(ms)

BY 78 £E 851ms

X|&AIZH1863ms

HH £& 2890ms

0 2 1000

2000

1
919 2890
Figure 13 Optimal emotional intensity of ‘Focused” emotions
5.5.7. ‘#4sh 4™ Ux 24 HS
R A9 27 79 $E& 898mse] ™ ] HPo] Aol ol2 & w o] FA = AFATS
1991msolt}. e B4 739 AR £591 3471ms %, 2976ms A -] 13] B H, F=u] oA
&% 92 M7 I =& [FFDDO0] 2.2, ¥hal Fj&she] o|u|z & Hojsr),
= 100} | XiAIZE 1991ms ﬁ AL 2976
& <
H oK
0 ol
Kl )
o by w2 AE
N € 898ms =T FFDDOO
dk
% 1000 2000 3000 4000 0 5500 1000 1500 2000 2500 3000 3500
2 (ms) 2 (ms)

XI&AIZ1991ms |

HH &= 3471ms

Figure 14 Optimal emotional intensity of ‘Lively’ emotions

= 3000

T AT 1
2000
2976 3471

www.aodr.org 335



T (ms)
[Bde g3u aef=]

E~
=

1000 2000 3000 4000 5000 6000

Figure 159} 2t}

L& (ms)
[HBHe] £=-2%A1ZH 22 =)

[e)

.

1000 2000 3000 4000 5000 6000 7000

2 Lehd 2l

0

g e 219 7744
Figure 15 Emotion intensity integrated graph of autonomous quarantine robot

&
ol
B
A
ol

el

)
Tod
"
N
juzel
wjr
"
1o
of
ﬂAlO
i
)
Foal
<+
ol
B
e
~l

st

Il

B o] 71

1)

RETE e

%5}7] 913t A7}

o]

RS

& 13

o

EEERY

o[
—_—
o
B
H
el

[=h=h
s X

ol

)

745}

ZolnZ w231

SHA A QA A

= O

)5}

e
Lt

o

Aol

=
H

1}o] <lE]

EEEEs]
g 4%, 4

To
=
=

j=i

5
HH =

X

o7
™
il
—_—

o
o

—_
o

o
ﬂNO
off
ou!

R
<}
on
s

el

e

ol
Nlo

% 9ek.

At olu|A]

B
FA

J_.NO

oy

To

Figure 163} 2t

L

R

e} 280 218

336 Archives of Design Research 2023. 08. vol 36. no 3



Figure 16 Application examples of autonomous disinfection robots
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