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Hysteresis Modeling and Adaptive Model Predictive Control of Tap—Water Driven McKibben|

Muscles

NEDEE
This dissertation is concerned with tap—water driven McKibben muscles. The muscles can
improve environmental friendliness of systems because water hydraulics is 100% oil-free.
On the other hand, the control performance of them is a considerable problem and it should
be solved to expand their application.
To improve the control performance of the muscles, we propose two model-based control
methods: 1) Model reference adaptive control, and 2) Model predictive control (MPC). Then
combination of system identification and Bouc—-Wen hysteresis model is applied to obtain
muscle models. As a result, the model can express the characteristics of the muscle under
not only no—load condition but also loaded condition.
Proposed model is used as a nominal model for control. Under loaded condition (3.5 kgf),
the performance of MPC becomes worst due to accuracy of the model although the performance
is better than other applied controls under no—load condition. To solve the problem,
recursive least squares algorithm 1is applied. The algorithm can update the muscle)
parameters on real-time basis. Additional improvement is the use of multiple coincident
points for MPC and adaptive MPC. This can take into account of all predicted error in
prediction horizon.
We also propose predictive On/Off control to improve the control performance of On/Off
control. The proposed control is based on one-step—ahead estimation and an evaluation
function. The proposed control can consider the predicted muscle displacement and then can
reduce the undesirable switching of the valves
Two estimation methods of muscle displacement are proposed: 1) Method I with flex sensor]
and 2) Method II with flowmeter. Although the method I estimate the displacement, there
exists problems such as position and torsion of the sensor, and repetitive operation. On|
the other hand, the method II is reasonable because it is easily possible to implement. In|
addition, the control performance of the displacement control with estimation method II is
shown by experiment
Finally, it is great benefit that compensation of loads can be achieved. Moreover, the)
proposed control can improve the control performance, although it is generally lower. The|

proposed estimation methods are useful for systems that require high flexibility and user

friendliness such as rehabilitation devices
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