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Abstract

Background  Developing an appropriate human-robot interaction(HRI) design is essential for non-
humanoid robots, such as collaborative robots, because it is difficult for them to express human-like
emotions. However, the problem with physically prototyping HRI designs is that they require a high level
of engineering knowledge and high development costs. Therefore, in this study, we develop a motion
HRI design for a cafe robot, a type of non-humanoid service robot, focusing on emotional factors. In the
process of evaluating the developed HRI design, we identify the possibility of utilizing virtual reality(VR)
prototyping.

Methods By comparing the service process of a cafe robot and a human barista, we identified
interactions to apply motion HRI design. We identified the emotional elements needed for development
through re-enactment experiments by actors. The actor’s movements that most appropriately expressed
the emotional elements were acquired through motion capture equipment. The principles for applying
the actor’s movements to the collaborative robot were established and applied to the development of
the motion HRI design. To evaluate the developed motion HRI, a VR prototyping environment was
constructed to evaluate preferences.

Results Café Robot’s motion HRI design was developed based on emotional and kinematic
factors derived from reenactment experiments and motion capture. Preference evaluation through VR
prototyping showed that the motion HRI design with emotional elements was more preferred.

Conclusions  In this study, we develop a motion HRI design for a non-humanoid cafe robot. Even if
the robot is non-humanoid, smooth interaction with customers can have a positive impact on the service
quality of the robot. We also confirm the possibility of constructing a VR prototyping environment and
evaluating motion HRI designs easily through it. This suggests that VR prototyping could be a new
direction for designers developing motion HRI designs.
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Figure 1 Coffee service process of barista
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Figure 2 Coffee service process of cafe robo
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Figure 3 Comparing the service process of a barista and a cafe robot
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Table 1 List of interactions to develop motion HRI for this study
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Table 7 Corresponding body movements to robot degrees of freedom
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Figure 6 Design a 'Welcome and Goodbye' motion HRI with a 'Grateful' emotion
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Figure 7 Position Profile for the 'Welcome and Goodbye' motion HRI design
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Figure 8 Design a 'Please waiting' motion HRI with a '‘Balanced' emotion

Archives of Design Research 2024. 05. vol 37. no 2



DOF4: Adb X% 3|™ RAW MU B c—

27 = Tailo] Y EEZE J2|T 2 % Tailo] Z FEZ e
0 130

-30 10
1 21 43 1 21 43

DOF6: 814t X 8| M

o
-M

2 Z Tailel Y EHEZL JefiT B & Tailo| ZEHEZE 2|

o 140

Figure 9 Position Profile for the 'Please waiting’” motion HRI design

)

o
e
32 ol w

3.
97 458 0] H4 mae A71% Bl doleolh, of
o}

i
B 4% Y JHL A% BAT A3} 2L 9

%
spele gk, 714 3 2
NHES 02 e, B o= Eb &}(15431] 0597 FAT AL SER W LS
o] Fook %ﬂ( 539, 0,551 B4 18] 54, 53] W e5.0.2 FAskect,

of wet & 4He DOF4, & 0}‘%— DOF6| ti-&st¢lon ofof mhE 7+ 31477} %A1 HRI
tj&}el2 [Figure 10], 7F4 = 18] 2= [Figure 11]3 2t}

o
X
D
Z
2

ARSI DOF4: Z A8t X% / DOF6: & st X&
53| gt
|

Zo| Sofes 53

g oz cE= S35t
15f (0.5s) 30f (0.5s)
}_ _____________________
DOF4: 36.9° DOF4: -36.9°
DOF6: 30.4° DOF6: -30.4°
I I I I 1
5 10 20 25 30

chel: ey (f)

Figure 10 Design a 'Making coffee’ motion HRI with a 'Calm' emotion

www.aodr.org 199



DOF4: Attt X% 3|H RAW MUY EY c—

B = Taile| Y ZHEZ J8x HH F Tailel Z ZtEZ 2T

10 17.5

8 145
1 1

DOF6: st} X% 2| H

HH & Taile] Y HEZ Jx H¥ Z Tailel z ZHE3 2
97

-20 915

4
‘SE AT AW QY ATAE] HE BAL 7R CY HolHoltt, o]F AJ7He] A 512 U(5.Ts) 02
SRIFE QI 712 Co) AF &Y A4S A& BAT 23 Il 7oA g2 iH B

< 13] Y5t AR gebsigint. webA 328 &ole F2QR5ZH Y, 0.825)7 U AL}
L5 R B @50k ol E Hie 5425299, 0.82s)0% 13] 5015 % %LHOWE}

ol Azl ¥z wpg} 5]2] X5 DOF20l t-g-5tgitt. o]l wp2 )Mzt 54 HRI HAF1- [Figure 121,
7F& = J# 2= [Figure 1313} 2t

r=
g
IHo

’5!?:! DOF2: 3{2| X=

212 Fols 51 CEER RS
25f(0.82s) 25f (0.825)
---------- > O -
" DoF2: 316 DOF2: -31.6°
1 I 1 1
17 25 33 42 51

chel: T (f)

Figure 12 Design a 'Serving notifications’ motion HRI with a 'Pleased’ emotion
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Figure 13 Position Profile for the 'Serving notifications’” motion HRI design
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Table 8 Evaluation Café robot's service demonstration preferences
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