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Robust Stabilization of Running Self-Sustaining Two-wheeled Vehicle
with Varying Speed and Mass Variations
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Abstract: This paper deals with robust stabilization of running self-sustaining two-wheeled vehicle with varying running speed and
mass variations. Recently, some researches about stabilization of two-wheeled vehicle have been reported. These researches have
achieved the stable running only by the steering control. However, an actual two-wheeled vehicle is stabilized by not only the steering
control but the control of a vehicle’s center of gravity. We have proposed the stabilization control method of two-wheeled vehicle in
the state of stillness, and have shown the effectiveness. In this research, we construct the control system for the running stabilization
of two-wheeled vehicle. H., mixed sensitivity problem is used to design the robust controller to achieve running stability even if
the running speed changes and the mass of two-wheeled vehicle changes. The experimental results show the effectiveness of our

proposed approach.
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Table1 Definition of Symbols

My, My, M, Mass of each part

He H., H, Vertical length from a floor to a center-of-
gravity of each part

Lpg, Lp Horizontal length from a front wheel rota-

tion axis to a center-of-gravity of part of
front wheel and steering axis.

L,, Ly Horizontal length from a rear wheel rota-
tion axis to a center-of-gravity of part of rear
wheel and steering axis.

L, Horizontal length from a rear wheel rotation
axis to a center-of-gravity of the cart system.

l Horizontal length from a rear wheel rotation
axis to a center-of-gravity of two-wheeled
vehicle.

Jy Moment of inertia around center-of-gravity
z axially.

J, Moment of inertia around center-of-gravity
z axially. '

T Viscous coefficient around z axis.

7 Viscous coeflicient around z axis.

1% Velocity of two-wheeled vehicle.

subscript f, r,.c || Part of front wheel, rear wheel, and cart sys-

tem respectively
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Fig.3 The two-wheeled vehicle shifted from the course
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Table2 Physical parameters of Two-wheeled vehicle

Parameter Value Parameter Value
My [kg] 2.14 Hy [m] 0.0800
M, Tkg] 5.91 H,. [m] 0.161
M. [kg] 1.74 H_ [m] 0.0980
Ly [m] 0.0390 || Lp [m] 0.133
L, [m] 0.128 Ly [m] 0.308
L. [m] 0.259 ! [m] 02112

7, [kem?] | 02
iy [kgm?/s] | 0.333

7, Tkem?] | 03218
. [kem?/s] | 0.333
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Fig.4 Generalized plant
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Table3 Perturbation patterns

I P! I Running speed [m/s] [ Addnitional mass [kg] ]

Pl 0.0 0.0
P] 2.0 0.0
P 3.0 0.0
Iz 1.0 1.0
P! 1.0 2.0
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Fig.5 Multipilicative uncertainties
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Fig.6 Experimental results for running vehicle at 0.5 [m/s]
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Fig.7 Experimental results for running vehicle at 1.0 [m/s]
(nominal model)

0.1

E 005 }
©
8
2 0 WWNVMMMAMNW\’W
o
o
£ -0.05 t
5
o
-0.1
1] 2 4 ] 8 10
0.1

Bike Angle [rad]
©

2 4 [} 8 10
Fig.9 Experimental results for running vehicle at 2.0 [m/s]
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variation (1.98 [kg])
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