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An Experimental Study on Realtime Estimation of a Nominal Model
for a Disturbance Observer: Recursive Least Squares Approach
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(Sang-Deok Lee' and Seul Jungl‘*)

]ISEE, Department of Mechatronics Engineering, Chungnam National University

Abstract: In this paper, a novel RLS-based DOB (Recursive Least Squares Disturbance Observer) scheme is proposed to
improve the performance of DOB for nominal model identification. A nominal model can be generally assumed to be a second
order system in the form of a proper transfer function of an ARMA (Autoregressive Moving Average) model. The RLS
algorithm for the model identification is proposed in association with DOB. Experimental studies of the balancing control of a
one-wheel robot are conducted to demonstrate the feasibility of the proposed method. The performances between the

conventional DOB scheme and the proposed scheme are compared.
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Fig. 1. Structure of conventional DOB.
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Table 1. Characteristics of conventional DOB.
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H,,(s) H(s) H(s)
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H,(s) 1 0
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Fig. 3. Experimental setup.
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Table 2. DSP implementation.
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step 1 Initialize

step 2 5X1 gain update.

step 3 5 X5 covariance update.

step 4 5 X1 parameter estimation.

step 5 | H '(z) transfer function update.

step 6 Q(z) filtering of control input.

step 7 | Q(z)H '(z) filtering of system output.

step 8 Compensation.
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Table 3. Initial values of variables.

Initial Values
gain 0
covariance 10000
forgetting factor 0.99
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Table 4. Experimental result on conventional DOB.

3 5. RLS-DOB A3 Z}.
Table 5. Experimental result on conventional DOB.

Roll angle Tilt angle Roll angle Tilt angle
Mean 0.0216 -0.8339 Mean -0.025 -2.7088
Covariance 0.6046 129.16 Covariance 0.0941 11.2629
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Table 6. Estimated parameters at 200 seconds later.

Roll angle
A 0.06
2, 0.01
Ay 0.012
by 0.67
b, -0.33
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