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Modeling and Robust Attitude Control of Stationary Self-sustaining Two-wheeled Vehicle
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Hiroshi SATOH, Nagaoka National College of Technology, 888, Nishi-Katakaimachi, Nagaoka, Niigata
Toru NAMERIKAWA, Nagaoka University of Technology

O Stability of Two-wheeled vehicles depends on their running speed. The running vehicle at high speed is stable but the
vehicle in a state of stillness is unstable. In order to stabilize Two-wheeled vehicles in the state of stillness, center-of-gravity
movement and handle operation by the rider are indispensable. Then we develop a stationary self-sustaining Two-wheeled
vehicle which is a two-wheeled vehicle equipped with a cart system to move a center-of-gravity of the vehicle for stabilizing
the system. We derive a state space model of system based on Lagrange method and identified model parameters by control
experiments. A robust attitude controller is designed via Loop Shaping Design Procedure (LSDP). Experimental results

show an effectiveness of the derived mathematical model and the designed robust attitude controller compared with LQ
controller.
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Fig. A2 Impulse disturbance response
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Fig. A1 Two-wheeled vehicle model
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Fig. 1 Overview of experimental system
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Fig. 2 Two-wheeled vehicle model
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Fig. 3 Relation between Steer angle ¢ (t) and Yaw angle 6(t)
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Table 2 Physical parameter of Two-wheeled vehicle

Mslkg] | 214 || Hy[m) 0.0800
M, [kg] | 591 | H, |m] 0.161
M.[kg] | 174 | H.[m] 0.0980
Leg[m] | 0.0390 || Ly [m] 0.133
L, [m] 0.128 || Lg[m] 0.308
Lefm] | 0.259

J [kgm?] | 0.2 pa [kgm?/s] | 0.333
a 905 8 255

ol 98.96 é 222.07
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Fig. 8 The loop shaping design procedure
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Fig. 9 Configuration of LQ controller
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Fig. 10 Frequency response of GK for LSDP controller
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Fig. 11 Frequency response of GK for LQ controller
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