XYL FEER] A 242 A4E (20073 48
Journal of the Korean Society for Precision Engineering, Vol. 24, No. 4, April 2007

S5 ZEY MYEHE 0|83

A, =g, doger

The Posture Control of One-wheel Unicyle Robot Using Partial
Feedback Linearization

Jin Seok Kim*, Young Jin Cho’ and Young Tark Kim"*

ABSTRACT

In this study, the ultimate goal is to acquire stability when turning around efficiently by using the controller which is
applied partial feedback linearization of One-wheel Unbicycle Robot. When moving around, linear controller could result
in unstable factor according to widening operation range. So in order to reduce instability, I have developed Non-linear
Controller using Partial Feedback Linearization. Compared with linear controller, Non-linear Controller guarantees the
superiority of Regulating Control and Tracking Control in direct and also revolution motion of Robot. I'm sure of the
Non-linear controller performance through many experiments.

Key Words : Partial Feedback Linearization (%% ™= X8 3}), Posture Control (RFAl A o]), One-wheel
Unicycle Robot (Y& 7§ 28)

72|349 body and the ground
M : Distance between the center of mass of the upper
U : Mass of the upper body body and the joint

yL : Mass of the lower body S : Coefficient of friction about motor and gear angles

U : Moment of inertia of the upper body about the joint He : Coefficient of friction about ground

angle : Reduction ratio of gear

]L : Moment of inertia of the lower body about the : Gravitational acceleration
I ground : Inclination angle of the upper body
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Y
: Moment of inertia of the motor angle & : Inclination angle of the lower body
: Distance between the center of mass of the lower U : Motor input current
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Fig. | The model of the wheeled inverted pendulum
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Fig. 2 The model of the double inverted pendulum

Fig. 29+ Zo] AWEE v} rolling &5 Al
ABEAE 37 #1591 A9 HWAE “Double



AR - 297 - A9E: IFALYIHEN) A 1Y A4 %

Inverted Pendulum” 3 EZA] Upper Body $ Lower
Body 2 #2509} Revolute Joint & TA €}, Joint
of AZH Actuator 7} piching £5& 3t ¢ &
y fAE @

A”Re ¥ Lagrange’s motion equation &2

te 3 gol Yt

_c_i_ or, or ou oD )
+ + Qr

d oT. T 8U__ aD @

B

dta(; da Oa 6& a

o 714
T . Kinetic energy
: Potential energy
D . Dissipation energy function
g : External force

o2 o2 e2 o2
T=';‘ML(xn Y )+_;'MU(X2 Y, )
2,2

1, o 1, o2 1,
tole +3 vhB +slumy 3)

U =M, Igcos(a) + M, g(lcos(a)+ Leos(B)) ~ (4)
1 .2 1 o2
D-gl_lga to b s
Q,=nu=rt (6)
A OrEE A (1), @9 Hdsta FAsw o
&3 2t

(M +1,+1, + M, (H* + I* + 2HL cos(y))}éi
+(Iy + M, L} + M, HL cos(y))y

- M HLy(7 + 2d)sin(y) - (M, + M,,)lgsin(a)
~ M gL(sin(a)cos(y) + cos(a)sin(y)) + u,a

=0 )

(ML,L2 + 1, + M, HLcos(y))a

+ (I, + My} +1,,n*)¥ + M, HLa? sin(y)

- M, gL(cos(a)sin(y)) + sin(a) cos(y))

+py=t ®

Table 1 Parameters and Variables

symbol Value[unit]
M, 0.574[kg}
M, 1.380[kg]
I, 0.0111[kgm?]
I, 0.0085[kgm?]
I, 43x10°(-7) [kgm?]
H 0.1182[m)
! 0.0762[m]
L 0.0815[m]
H 0.04[Nm/(rad/sec)]
He 0.02[Nm/(rad/sec)]
14[1)
Z 9.8[m/ 57
y.a, ﬂ [rad]
U [Ampare]
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Fig. 4 Mechanical system modeling using the
SimMechanics

Fig. 5 Initial condition response when inclinating angle is
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Fig. 6 Torque graph as the initial condition response
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Fig. 10 Ramp response graph
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