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Abstract

The mechanism design of the interactive emotional robot has been carried out. The two-wheeled inverted
pendulum type mechanism was adopted to improve the mobility and make the imate clumsy monoaxial
bicycle motion. Even though the system is unstable in itself, it is expected for the robot to move fieely in
a plane, keeping the upright position only with two wheels. Two motors attached on head can make 4
motion sets, and two motors on the wheels can make 8. Therefore, 32 independent motion sets can be
achieved from the robot to communicate the emotions with humans. The motion’s equation of the robot
was derived based on nonholonomic dynamics, and the necessary power to the wheel’s rotational axis

was found by simulation.
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Fig. 2. Motor Inputs & Possible Motions
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Fig. 3. Coordinates of Robot System
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Table. 2. Nomenclature & System Parameters

G center of gravity of body part
B body part
Wy left wheel
W right wheel
r radius of wheel
b distance from center to each wheel
L distance from center to C.(.
O rotation angle about k-axis
yf inclination angle of body part
Body

Mass 4.315kg

R. Inertia | 0.2212kgm”

L 0.1m
Wheel

Mass 0.420kg

R. Inertia | 0.0012kgm®

r 0.075m
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@ Fig. 4. Simplified Model of Wheeled Inverted

Pendulum
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Fig. 5. Block Diagram of Control Loop
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Table 3. Specification of Sensor & Actuator

CXTA 01 Tilt Sensor (Crossbow ™

Linear Angular Range +20°

Angular Resolution 0.05° rms

Sensitivity — small angles 35mV/ °©

Bandwidth 125 Hz

Size 1.91x4.763x2.54 cm3
Qutput analog

MaxonTM DC Motors with Encoders

Assigned Power Rating 11W
Total Gear Reduction B8.67:1
Rotor Inertia 12.40gcm2

AFdelEe HeE, ¢A I FoRomyEH

AL a3 63 Zeo] Fstd, HEG AldFo]l TWHA
S #]lsle], & ol gg sk 11wWel ¥

A 2HE AAEen.

o b
0%

N
—_

i

[
2
2,
_1[

TxE E7] He ZHY xV|EE S
9. = 2787t gRE S HAHQ A7} ol
A, A4 AEE wel O9ALH @ F 2 g
R, AR e FAHOR A4s, PID Gain
A7t Falo] wAe 75 Eage A
et ghol g Wz wE A

t

£

(L{

Bowl o o o

oo

Az Aoi7} ool A wAE 23 TH 2.

Fig. 6.

- 237 -

Angular Speed [degisec]

Tilted angle of the pendulum
T T T T

Degree [deg]

o 0.1 0z 03 0.4 05 06 o7 0.8 0s
Time [gec]

Angular speed of the pendulum
20 T T T T

-120 ‘ :
1] 01 02 03 0.4 045 06 o7 o8 o9
Time [sec]

Torque of the wheel [Nm]

0 01 0z 03 0.4 045 06 07 0g 0sg
Time [gec]

Power of the wheel

Power of the wheel [VW]

a 01 0z 03 0.4 045 06 o7 o8 [ik=]
Time [sec)

Simulation Results (Tilt Angle, Angular
Velocity, Required Torque, Required

Power)



ndex 4 =0

LFikter_kdil(int axis. WORD kd. WORD il):
Lfitar_kpliint axis, WORD kp, WORD lkiy:
Update _parameteriint axis)

'\IJ'

Al Mread(1, 0, 1, 84,1
My =0V, - Vo Sensitivity,

-
= =fg, -a(h)l

i = EEND + (M =100+ AT
gai = (BND = s(M-100/ AT,

| U = {KpeetTl) + Kie g, (M) + K= s,,.(rxn};|

| Yetart_Forward(int axis) | |Vstart Backward(int axis); |
X M=(N+1k ¥
End

Fig. 7. Control Flow Chart
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