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Development of Humanoid Robot Platform to
Identify Biological Concepts of Children

1
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Minkyung Kim', Youngkwang Shin’, Soonhyung Yi’, Donghun Lee’

In this paper, we describe a case of using robot technology in child studies to examine
children’s judgement and reasoning of the life phenomenon on boundary objects. In order to control the
effects of the appearance of the robot, which children observe or interact directly with, on the children's
judgement and reasoning of the life phenomenon, we developed a robot similar to human. Unit
experimental scenarios representing biological and psychological properties were implemented based
on control of robot's motion, speech, and facial expressions. Experimenters could combine these
multiple unit scenarios in a cascade to implement various scenarios of the human-robot interaction.
Considering that the experimenters are researchers of child studies, there was a need to develop a
remote operation console that can be easily used by non-experts in the robot field. Using the developed
robot platform, researchers of child studies could implement various scenarios by manipulating the
biological and psychological properties of the robot based on their research hypothesis. As a result, we
could clearly see the effects of robot's properties on children’s understanding about boundary object

like robots.

Children’s Biological Concepts, Boundary Objects, Judgement of the Life Phenomenon,
Reasoning of the Life Phenomenon, Remote Operating Console, Humanoid Robot
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Table 1. Requirements in developing humanoid platform for human-robot interaction experiment: unit motions facial expressions
and speeches for creating entire custom scenarios

Motion (MO) Facial expression (FE) Speech (SP)
MOO Motionless (baseline)
MO1 Bow down . . SP3A-6 bad words
MO2 Walking Zi(l) IS{l:]n: !mode (baseline) SP3A-7 1 don’t like
MO3 Body tilting FEO Expressionless (baseline) SP? Ves. SP3A-8 when you say goodbye
MO4 Head down FE1 Happy SP3A-1 (giggle) Hil SP3A-9 I am sad
MOS5 Waving hand FE2 Sad SP3A2 little animals SP3A-10 playing with friends
MOG6 Halt FE3 Mad SP3A3 1 like SP3A-111love
MO7 Dancing FE4 Bored SP3A-12 Hey!

. SP3A-4 when I am alone .

MO8 Bending elbow SP3A-5 I am bored SP3A-13 with me
MO9 Shaking head SP3A-14 Do you want to play
MO10 Nodding

Host PC .
| OS: Windows 7

TCP/IP Wireless connection
Motion, emotion expression

Main controller
myRIO, OS: Linux, Vendor: National Instrument

T B L
£338 Ry 5
< g
Waist : 1-DOF () | | l 3 <
AX124 Y 1 Y . % p 5
23 ==
gl ed
= N 23§
777777 w5 2 < 5 NN N
Hip : 2DOF (pitch, il © R § i S: s S C
AX-124 £E < § = ~ Q
a g - = =
Knee ; 1-DOF ; g S .E s
— < g P | |
A 3 |-SPE-
Ankle : 2-DOF ( pitch, roll)
AX-124
Body part Head part
Fig. 1. Overall hardware configuration of a developed humanoid Fig. 2. Overall control hardware configuration

for infant-robot interaction experiment
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S 913k 9] 22| LCDS} w49 15 A HEE ] A
o]Z 9J5}o] 2t§9] Arduino Uno7} myRIO2] 19 Ao
7124 AZE A T-2E AdTA-E AH oA Woz
TS 9% 94 Y &9 9s ke TLE PC=
wuky 7]7] B ER PC BE 7M53lEE 519,
250 A% myRIOS] F+41 AP (access point)E 7]t
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Scenario configuration loop

Unit scenario configuration

MO = { 16-axes joint position, motor velocity profile }

FE = { Eye brow position, Eye expression on LCD } Select scenario

No. of unit |

N Gesture and emotion expression loop
scenario

SC = { Seript, Time interval for lip motion }
t = { Time interval for Gesture }0

_

User mode selection
Predefined scenario
or
Customized scenario

Al ~B6

Selected mode

Customized scenario

—Scenario

Loop timer

No. of unit=>»~]

scenario

Script syncing loop

Lip motion
generator

— — L Scenario>P Lip motor

i=1 i=n controller

MO [1] MO [n]

FE] | ... FE [n] -

. e

] t[n]

v
Unit scenario
Yes
®

While loop terminate condition E Auto indexing 3 vserinput D For loop ] While loop [N] Forloopiteration

Fig. 3. Block diagram describing remotely operated console developed by NI LABVIEW
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{MOO0, FE0D, SP13,100}  {MOOO, FE00, SP03,300}  {MOO0S, FEO1, SP19,1000}  {MOOO, FEQO, SP19, 1000 }
2 {MOOO, FE0O, SP13,100}  {MO11,FE0O, SP01,1000}  {MOOO, FEO1, SP19,500}  {MOOO, FEO1, SP02,1000} ~ {MO0O, FEQO, SP18, 1000 }

{MOO00, FE00, SP19,100}  {MO11, FEQ0, SP03,1000} ~ {MOOO, FEO5, SP13,800}  {MOOO, FEO5, SP04,2000} ~ {MOO00, FEQ0, SP19, 1000 }

{MOO00, FEQ0, SP19,100}  {MOO0O, FEQ0, SP05, 2000}  {MO0O, FEO4, SP18, 300 } b P06, 1000}  {MO0O, i 9,1000}

{MOO00, FE00, SP19,100}  {MOO0O, FE00, SP07,2000}  {MO0O, FE02, SP19, 300 } , P08, 1000}  {MOOO, FEOO, SP19, 1000}

{MOO00, FEQ0, SP19,100}  {MOO7, FE01, SP09, 1500}  {MO0O, FE00, SP13,100}  {MOOO, FE03, SP11,1000}  {MO11, FE0O, SP12,500}  {MOOO, FEO1, SP13, 1000 }

Predefined scenario  Customized scenario

00 A1 Greeting MO MO

MO MO MO

v 00 A1 Greeting
01 A2 Happy FE FE

| MOS Wave wave [Hello] || MO2 Walk (forward)

| MO7 Dance [ MO9 No | MO8 Angry
e 3

02 A3 Bored JFEt Hapey
03 A4 Mad s Y

| FE3 Excited

| FE3 Excited | FE2 Sad
sp sp

04 AS Sad oo =151 219
05 A6 Ending QRIS
06 B1 Greeting
07 B2 Happy
08 B3 Sad

09 B4 Mad Running Fnished

1085 Bored / / /

11 B6 Ending

|12 ug 2o
Time delay [ms]

Jisoo  Hfis00

113 §257 16 Zx Q=

Time delay [ms] Time delay [ms] Time delay [ms]
2000 1200 1000

Fig. 4. Graphical user interface of the developed remote operating console
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Fig. 5. Multiple snapshots of the developed robot operated in
four different experimental scenarios: R1 (immobile and
psychologically non-contingent condition), R2 (immobile
and psychologically contingent condition), R3 (mobile
and psychologically non-contingent condition), and R4
(mobile and psychologically contingent condition)

FEO Baseline FE3 Mad

Fig. 6. Five different emotional expression results implemented
by the developed robot
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