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Two-Degrees-of-Freedom Sliding Mode Control System
for Seated Stairlift with Single Rail

A. Setoyama and M. Hirata (Utsunomiya University),
S. Adachi (Keio University), and H. Sakaniwa (Syntex Co., Ltd.)

Abstract— As a welfare equipment, a seated stairlift is used to go up and down stairs in the home. Recently,
the seated stairlift with single rail has been developed to reduce the production cost and the construction
time. However, it is necessary to control the seating face horizontally in real-time by using an actuator. In
this paper, we apply a two-degrees-of-freedom control system of sliding mode scheme to improve the control

performance. The effectiveness is shown by experiment.

Key Words: Seated stairlift, system identification, sliding mode control, two-degrees-of-freedom control
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Fig. 2: Schematic diagram of the plant
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Fig. 3: Static nonlinearity of motor driver
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Fig. 4: Closed-loop system for system identification
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Fig. 5: Two-degrees-of-freedom control system
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Fig. 7: SMC system with matching disturbance
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Table 1: Design parameters

Eigenvalues of A [—9, —10]
Hyper plane S [—4.4, 11.6, 1.00]
Gain K 2.0
Observer poles [—20, —25]
Reference model ¢ =0.66, w, = 10
Input limitation +5V
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Fig. 8: Experimental results (solid line: sliding mode
control, dotted line: PID control, dashed line: refer-
ence)
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Fig. 10: Control input (Upper: feedforward control,
Lower: feedback control)
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