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Model Reference Adaptive Observer by Using a Discrete-Time Oscillator
— On-line Parameter Estimation by One Step Response —
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The characteristic of a controlled plant is varied according to the environmental change, aging of a plant, etc. Thus, it
is required to estimate the plant parameters on-line to maintain the performance of a control system. In such a case, an
adaptive observer is effective. Though the adaptive observer can follow a parameter change, it is necessary to use the
signals that satisfy PE conditions to estimate plant parameters. However, in a process control, the pressure or temperature
of the plant cannot follow such rapid signals. In the control of a mechanical system, resonance is induced according
to such signals. Resonance of a large-sized mechanical system is very dangerous. Thus, the previous paper proposes an
adaptive observer, where high-order plant parameters can be estimated only by one step response. A key idea is connecting
a discrete-time oscillator to a plant output in series. An oscillator output excites a plant in the conventional method. On
the other hand, a plant output excites a discrete-time oscillator in the proposed method. Since a step response of a plant
is transformed into a sinusoidal response by this oscillator, parameter estimation becomes possible by one step response.
In this paper, the effectiveness of the previously proposed method is verified by root mean square error on estimated Bode
diagrams. Simulation results on the first-order system show that plant parameters can be estimated in sufficient precision
from one step response, though RMSE of the proposed method is bigger than that of the conventional one.

Keywords: Parameter estimation, Adaptive observer, Persistent excitation, Step response, Delta operator, Mechatronics,
Industrial process control
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Fig. 8 Estimated Bode diagram based on the proposed method

Table 1 RMSE on Bode diagrams

Magnitude (dB) Phase (deg)
Conventional method || 2.7967 x 1072 | 4.8684 x 107>
Proposed method 1.0544 x 107" | 3.1019 x 10~




