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Abstract

Multivariable system with time delays universally exist industrial
processes. Due to time delays, both control and theoretic analysis of mult-
ivariable system are difficult. Multivariable frequency domain approach is
broadly applied in process control field because of definite and intuitive
physical conception of each variable. Frequency-domain-theory-based re-
search results are restricted to single variable process with time delays
whereas research on decoupling control of multivariable process with time
delays is still very imperfect. There are still aspects of design method and
system performance to be improved.

For multivariable system with time delays, this paper studies decou-
pling control system to some extent based on existing frequency domain
techniques for decoupling. The main research results are reported as fol-
lows:

First, for TITO system, a simpler design method for dynamically de-
coupling matrix is proposed in terms of the idea of coupling matrix. PID
decoupling controller is designed analytically by combining DDE (Desired
Dynamic Equation) method for two degree-of-freedom PID. The robust-
ness of system is checked and evaluated using Monte Carlo principle.

Secondly, The design of inverted decoupler is studied. The impact of
choice of forward channel on realizability of inverted decoupling matrix is
discussed and the necessary condition of realizability is presented. Taking
time-delay compensation as an example, a normal principle of designing
inverted decoupling compensation matrix is proposed. And for a large
class of control objects that do not satisfy the realizability condition of
time delays, an improved method of designing inverted decoupling matrix
is proposed based on Pade approximation.

Thirdly, by virtue of analyzing stability of inverted decoupling ma-
trix, a necessary and sufficient condition for BIBO stability of inverted de-
coupling matrix of multivariable system is presented. For inverted decou-
pling matrix without time delays, a scheme of determining stability of in-
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Abstract

verted decoupling matrix is proposed using the mathematical tool of matrix
fraction description. For analyzing stability of inverted decoupling matrix
with time delays, stability is determined through simulating in MATLAB.

Fourthly, stability of inverted decoupling matrix is analyzed using
stochastic Monte-Carlo method, thereby distribution law of order of mult-
ivariable system and stability of inverted decoupling matrix. Some guide-
lines for application of inverted decoupling method are presented.

Finally, for MIMO system, an inverted decoupling control scheme is
designed. The scheme is applied to several typical control objects. In com-
parison with other typical schemes of multivariable control, the scheme is
superior in multivariable control.

Key Words: Multivariable, Time delays, Decoupling, Inverted decou-
pling, Desired Dynamic Equation
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