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Human Motion Analysis for Designing Social Robots

Based on Cultural Difference

Euijung Yang - Wonil Hwang

Department of Industrial and Information Systems Engineering, Soongsil University, Seoul, 156-743

The study on social robots has been actively conducted in the robot research community. In the area of robot
design, however, there are few studies regarding robot motions that are one of the methods for interaction
between humans and robots. This is a preliminary study to find preferred human motions that can be applied to
social robots. We conducted a two-phased empirical study about preferred human motions. In the first phase,
four representative human motions, such as ‘greeting’, ‘I don’t know’, ‘positive answer’, and ‘giving’, were
captured through 28 body makers and video recording. 10 young and 6 elderly Singaporeans participated in the
motion capture process. In the second phase, the communication efficiency, emotion, and satisfaction of the
human motions recorded in the first phase were measured by a questionnaire and 31 young Koreans, 35 young
Singaporeans participated to investigate cultural differences. We drew the conclusion that motions used in the
same culture are efficient in communication and also give friendliness and satisfaction. In addition, regardless of
user's culture, young people’s motions and female motions were preferred in terms of communication efficiency,

emotional aspect, satisfaction.
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% eAEe v s WA RN, 4 TS Table 1. Calculated variables and Definition of Quantitative
D1 §45S S5 9T §4 4945 AN E e
281 @20l 10927 51, 47 57%), 1617]-:%&_0] d6%(e Variable Definition Measure
2 3%, o2t 390l AL, A 7HEE W] F T SH(Nanyang Te . .
Total Distance of Cumulative Distance of
chnological University)®] 52 24 4 &4l (motion ana1y31s lab) Moverment Moverment mm
o A Ago] AA= et d-&o] 1089 FEAHE 2594
T w9l 68 BF A 6534 AT B ATo] A 3 o Averag? Speed
v o= e = oE Average Speed (Total Distance of mm/s
T 200, =9 602 FA}AT 283 54 FIPA=E Movement/Total Time)
o] 8¢k F2-& AL (greeting), ZEA T 3171(1 don’t Maximum Moment
know), 57 21?1 =317 (positive answer), H 23}7](giving) 9 Maximum Moment Accelerating Force )
4742 ot ol &2 A7 WA A8 A ZES AHES Accelerating Force (Maximum Moment mm/s
At ey A A3 471A] BRAEL 3 Speed/0.1sec)
sgon, dzdA HEE + 9t A5z A Fol7]
93] vh228 BEAYT £ AU AYAY REE  BIE F ol5AY A% mm, HF £ A S mus, H1
A5 SAAAL AL AU 9B ZUEE 594 Y £0 45 B mms? ASSHET o) <Table 194
AolM Ao FYH BEE <Figure 1>(2)9 2tk & FAT F oAt @ 4iiAEﬁEﬁ£ LoFs) Be HA 5
A #Yshe 5% 54 FAA4 2AYY AFA volEe & A A tFE T4 FIAA M, oA, FF, 2, EL
A& 98 Cortex 2ZES 015 A3 4 A9 o]  AAH O = AGsG o, A T2 T2 w3l ut F
ol ol 7, BEA|, £F, AAETE AL § Fadd o AR BN AREste A Bkt 293 =Y F3Y
Oﬂ%%mﬂﬂﬂ%%ﬁ&@w@ﬁé%ﬂ&%iﬁmm A5 FolsAdE A W £, A £3F7tE5E o] =d
I>(b)E vH F29 JAE BAF). Cortex 2ZESojof A HI F20] F22] B¢ F oleA} 21, Hat £93 Z
T F AU mAE AT S oled & AddAE A O et vhEE ol MR,
€ 2A oA G 7Iee] AAMste FAES ISR Gl F A AN ol FA F& FRAEY T2 53T
nE A A% AL FYHOR BYSL, Yol B FYAL WY BT FLol5 3599 AhE Feos
S g9 vhAASh o] Bl FHHE eS| BHAL G ol HolT HEES ARZAS Fol 2AaA 5 |
s Skt E@ veve M $Y 5 AU A5l ol £4 £974 FA S1o) BataT, AnEs AL
B 1)) BT ARe A 29T 28700 AR A o AE A% APus 4EE g EA o] AHHE 4w o) B5
&t A, o] & Tl AofR Cortex 2ZES 0 A3 (o] dA 19, d-20] o2 17, =9 #2179, =91 47
B2 2R AGASANA AZHE T2l T AFA do]  w)& G on, o] 4yo] +P& 2t 4714 T2 Y
HE dojie dHol AH&stilth A4 HolHE & olg7 ¥ 28 ALASAA BT &, @5 d&olE3 A7t
got e £, At 7 7HEE S FE Ao ANEIAT, T2 FeolE0 53 £HAEY 16714 FHE BRI AEZ
Aol gatth A F A 2olE AR e HERA
= AUt AP AL, ) Z2AE Y ~TU S o] &
sto] FAE o3 AE2AE AT 2 472
2 208 AL e ez AZt2E Yol st
stof Ao oM YA, AN ¥ Z2AEY ~29US
o] gsta] TAS HoAFi HEXALS AASIYT AEx2A
Table 2. Demographics of Survey Participants
Item frequency %
Male 20 64.52
Korean Female 11 35.48
Total 31 100.00
Male 26 74.29
Singaporean Female 9 25.71
Total 35 100.00

(b) An example of markers attached
(Cortex verl.1, Motion Analysis

2008)

(a) Participant of Motion
Analysis
Figure 1. Participant of Motion Analysis and an Example of

Markers Attached
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Figure 2. ‘Communication Efficiency’-Interaction Plot
(MotionxAge)

Table 3. ANOVA Results of Communication Efficiency

[tem Avg. F p
U Korean 4.29
O : 120.95 | < 0001
Nationality |  Singaporean 5.10
Elderly 4.54
Age 18.27 | < .0001
Young 4.85
Male 429
Gender 121.52 < .0001
Female 5.10
Greeting 5.08
I don’t know 4,61
Motion 14.81 | < .0001
Positive Answer | 4.46
Giving 4.62
. Elderly | 4.32
Greeting
Young | 5.83
I don’t Elderly 3.54
Motion | know [ young | 5.68
; X 156.69| < .0001
Cf)mm Positive | Elderly | 5.42
nication Age A
Efficiency nswer | Young | 3.51
o Elderly | 4.87
Giving
Young | 438
) Male | 4.63
Greeting
Female | 5.52
I don’t Male 4.28
Motion know | Female | 4.95
X 7.99 | < .0001
Gender | Positive Male | 3.79
Answer | Female | 5.14
L Male | 4.46
Giving
Female | 4.79
Blderd Male | 3.85
er
Age Y Female | 5.23
X 60.05 | < .0001
Male | 4.73
Gender | young
Female | 4.97
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Table 4. ANOVA Results of Emotional Aspect
Item Avg.| F p
Male 2.63
Gender 58.10 | < .0001
Female 2.15
) Elderly 2.55
Greeting
Young 2.10
Anxi 1 don’t Elderly 2.51
nxiet; ;
Y| Motion know Young 229
X 11.45 | < .0001
Age Positive Elderly 2.20
Answer Young 2.42
Elderly 2217
Giving
Young 2.74
U Korean 3.45
e 76.88 | < 0001
Nationality Singaporean 3.93
Elderly 3.53
Age 34.34 | < .0001
Young 3.85
Male 3.46
Gender 69.93 | < .0001
Female 3.92
Greeting | 3.50
I don’t know| 3.56
Korean Positi
A051 ive 327
Users nswer
Nationalit Givin 3.47
AHonaty £ 2.67 | 0.0464
X Greeting | 4.10
Motion I don't know|3.85
Singaporean| Positi
gap ositive 304
Answer
Giving 3.84
Elderl 3.21
gsers' Korean Y
Friend- |Nationality Young 3.69 795 | 0.0049
liness X i Elderly 3.85
ingaporean
Age &P Young | 4.02
Elderly 3.38
Greeting
Young 421
1 don’t Elderly 3.51
Motion know Young 3.91
X 14.01 [ < .0001
Age Positive Elderly | 3.65
Answer Young 3.56
Elderly 3.58
Giving
Young 3.73
Male 3.49
Greeting
Female 4.10
I don’t Male 3.69
Motion know Female 3.72
x 7.12 < .0001
Gender Positive Male 3.35
Answer Female | 3.86
o Male 3.31
Giving
Female 4.00
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Table 5. ANOVA Results of Satisfaction

Euijung Yang - Wonil Hwang

Item Avg. F p
U Korean 3.79
e : 103.06 | < 0001
Nationality Singaporean 4.57
Elderly 4.02
Age 17.73 | < .0001
Young 434
Male 3.77
Gender 111.5 | < .0001
Female 4.59
Greeting 4.46
) I don't know 4.10
Motion — 6.86 | 0.0001
Positive Answer 4.11
Giving 4.04
Elderl 3.53
Users Korean v y 100
Nationalit oun .
aonatiy £ 6.00 | 0.0145
X g Elderly | 4.50
ingaporean
Age &P Young | 4.64
) Elderly | 3.77
Greeting
Young | 5.15
Satis- ) I don’t |Elderly | 3.53
faction| Motion know Young | 4.67
x 53.34 | < .0001
Age Positive Elderly 4.58
Answer | Young | 3.65
o Elderly | 4.18
Giving
Young | 3.90
) Male | 3.87
Greeting
Female | 5.05
I don’t Male 3.98
Motion know  |Female | 4.22
x 7.23 | < .0001
Gender Positive | Male | 3.60
Answer | Female | 4.63
o Male | 3.65
Giving
Female | 4.44
Elder] Male 3.47
er
Age Y Female | 4.56
x 12.77 | 0.0004
Male | 4.07
Gender Young
Female | 4.61
AV (5.15%) 9 R EAT AL 87 (4.6778)7F HEAHA
LAAE AR YBRAL, o $AIAE FHHA B
371°(4.583)7k @20l T2l nls) HE2YA A= A
o2 Ut whe AT E HER QlolA] §9l8H
Sgith 183 B4 437 Y BAL P 19T LEH
&o] g ASE YEPSGEU(F, 10 = 7.23, p < .0001), ‘5
EATL 871 A3 374 o T A o F2o] EA
FANTY £ H5E UTh REATT 7 E HEEo|
e WA Solth B AHW AT AL 5L P
1A 5L FGYEU(F, 1 = 12,77, p < .0001),

Rl
6
53
x9l
46 \(‘\%a
£
32
57
2.5 T T T 1 ‘IC_’rﬁé

eyl mEATE FAHA  Awa)
371

sk

F2(3.477%)0
4

)
3T
&

wn
Y,
¢

=2
>
rr

A 2Re AAT o AgSol oY 54
FE dobiy] Sisted A3 SR vEE
stk Wi ad) $4E 543 5249 ¥
| o2 23o] oWl T2 & o A3l o
o} B kT} Cortex AZEY S 53 A& 4
A3} <Table 6>= HFFO.2 YU o] T2
A, 4 s A dree §4 13
2, & Aoz s oy, oA
meh Eef i T AESe ATt
T A T oleA AL B &
,#&0] w4 A
7t 7h&E o] T}, o]
Al M SR 3 - A
AU EE T3 gol ARAS 5 AT A AR LT
PEHAE 22 BN Ak B, ol F
ol &4, &4 3l o

=l
fote 1

ek
S
o
N

A

. re
5
il
-+
ot

D P

2

}O{I

i
M~ o

(e}

o

S

=2
l‘

=
o

18 T rlr

S|
=

o A
(o

o

=O£

A,
v l
2
=)
o
of

_|_>|~l_,
offt
i
b ot T
o =2
o

o 32
25
u

o i
~ R o
b

w

O o

Ir

r

=

%)

s

o of ™I
2

2 %

o ol i §2 of 2 i o (il N oplo rfz

N
ACH
~
y
R
o,
o
Jpr
)
-}
A
o, S
e

rid
2

(e}

o

1%
o
=3
X
%,
] Q_>[‘_, %)?\i
offt
by

=
>

e

1T
oft ngt o

2 -

1

gl

|l

¥

Lo

S

o &
P
[P
>~ [
>
oo &
ol

o o
o
bt
¢
52
o)
b

o
AN
Y
it
[
Ey
ol
X
2o
(K

25
aw FI

o .
o o
e o
rhu

o rlr
I ox
rr offt
PR

&
o

e
ox
ot
>



Human Motion Analysis for Designing Social Robots based on Cultural Difference 141
Table 6. Quantitative data analysis of 16 motion
Gender Age Motion Variable Head Shoulder Body Arm Hand
Total Distance of Movement 113.0 61.7 43.4 684.1 874.5
Greeting Average Speed 33.2 18.1 12.7 201.2 257.2
Maximum Moment Accelerating Force 716.7 385.4 230.1 4301.3 5952.9
Total Distance of Movement 111.2 67.6 36.0 374.2 725.3
I don’t know Average Speed 48.3 293 15.6 162.7 315.3
Elderly Maximum Moment Accelerating Force 1222.2 872.9 384.9 4347.8 10339.1
Total Distance of Movement 285.4 61.7 60.0 180.8 255.1
Positive Answer | Average Speed 92.0 19.9 19.3 58.3 82.3
Maximum Moment Accelerating Force 2973.1 1109.7 892.8 2630.0 3729.3
Total Distance of Movement 289.7 175.9 166.0 495.0 676.3
Giving Average Speed 43.2 26.2 24.7 73.8 100.9
Maximum Moment Accelerating Force 1130.4 1065.0 812.7 2398.7 3993.1
Female Total Distance of Movement 151.6 1314 86.1 1401.5 1932.5
Greeting Average Speed 28.6 24.8 16.2 264.4 364.6
Maximum Moment Accelerating Force 923.0 1312.2 635.8 | 13052.7 | 14801.5
Total Distance of Movement 143.1 136.2 87.6 518.4 691.1
I don’t know Average Speed 29.2 27.7 17.8 105.8 141.0
Young Maximum Moment Accelerating Force 1151.3 1455.5 748.7 4460.0 9109.0
Total Distance of Movement 222.3 86.2 67.2 121.6 138.3
Positive Answer | Average Speed 542 21.0 16.3 29.6 33.7
Maximum Moment Accelerating Force 1827.6 523.9 462.2 1007.2 1334.0
Total Distance of Movement 250.3 172.5 157.9 753.7 1034.9
Giving Average Speed 34.2 23.6 21.6 103.2 141.7
Maximum Moment Accelerating Force 1801.3 812.5 543.5 6184.3 8325.7
Total Distance of Movement 70.8 472 50.4 459.8 676.4
Greeting Average Speed 244 16.2 17.4 158.5 233.2
Maximum Moment Accelerating Force 675.5 322.9 723.1 2583.3 4798.5
Total Distance of Movement 85.5 447 529 514.3 1314.3
I don’t know Average Speed 23.8 12.7 15.1 146.9 375.5
Elderly Maximum Moment Accelerating Force 1099.5 304.3 617.1 3400.4 8952.0
Total Distance of Movement 3287 116.6 105.4 161.1 226.1
Positive Answer | Average Speed 126.4 448 40.5 61.9 86.9
Maximum Moment Accelerating Force 3993.7 1392.9 982.9 1516.3 2481.4
Total Distance of Movement 162.8 61.6 52.9 298.5 3724
Giving Average Speed 27.5 10.4 15.1 50.5 63.1
Maximum Moment Accelerating Force 876.2 202.6 617.1 1647.0 2098.5
Male Total Distance of Movement 171.9 224.0 1244 2353.2 2207.2
Greeting Average Speed 35.1 45.7 254 480.2 450.4
Maximum Moment Accelerating Force 1046.6 2587.0 837.2 | 23118.6 | 27921.7
Total Distance of Movement 278.3 141.0 87.6 5332 564.3
I don’t know Average Speed 59.2 30.0 18.6 113.4 183.8
Young Maximum Moment Accelerating Force 5458.2 1877.0 1143.9 8107.8 | 12704.5
Total Distance of Movement 327.2 128.1 98.4 119.8 115.7
Positive Answer | Average Speed 65.4 25.6 19.6 23.9 23.1
Maximum Moment Accelerating Force 3191.8 900.4 523.7 11153 1428.9
Total Distance of Movement 473.5 466.8 292.6 1229.6 1495.8
Giving Average Speed 69.6 68.6 43.0 180.8 219.9
Maximum Moment Accelerating Force 25142 3222.6 1749.4 9753.2 | 13461.0
Note : Bold numbers indicate significant motions. Head > 50.3, Shoulder > 30.4, Body > 334, Arm > 117.6, Hand > 117.2.
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