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Robust Discrete-Time Observer Design
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ABSTRACT

The authors have shown that the performance of discrete-time observer-based monitoring systems can be
represented by the performance index k(P) {condition number of the eigensystem P of the observer matrix
in terms of L, norm). The observers with the minimized performance index can be defined as robust
observers in the sense that the observer performance can be guaranteed in harsh environments. In this
paper, based on the performance index, a design methodology for the robust discrete-time observer is
developed. Similar to the continuous-time case, the methodology determines the structure and eigenvalues
of the observer matrix simultaneously. A complete design procedure is given for single-output case and is
illustrated with a spindle-driver example. The simulation results demonstrate the improved performance
compared with a traditional pole-placement observer technique.
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Nomenclature

@, T',H - Discrete-time plant model

L : Observer gain matrix P in terms of the L, norm
P, : Right eigenvector with respect to the definition
dominant eigenvalue K,(P) * The condition number of the eigenvec
9 : Left eigenvector with respect to the tor matrix P in terms of the L, norm defin
dominant eigenvalue ition
P ! eigenvector matrix k;(@=LH ~1I) :The condition number of the
S : Scaling matrix matrix (®@-LH-1I)in terms of
k,(P) : The condition number of the eigenvector the L, norm definition
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Tabie 1. Performance Indices for the Discrete-time Observer
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Fig. 1. The region for the desired observer poles
T: Sampling period
7 : Convergence time constant
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Designed Eigenvalue: {-0.2155 % j0.8922
0.6268 + j0.1752}
Main Performance Index: k,(P)=2.3065
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Table 2. Performance comparison of the Luenberger observ-
er and the well-conditioned observer
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2% B2 SNBN D= B2 90944 x 10 1.5580
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Fig. 3 Estimation error of X, with the zero initial condition
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Fig. 4 Estimation error of %, with a plant perturbation
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