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Digital Redesign of Multiple Linear Systems by Using LMIs
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Abstract

A new digital redesign method which can construct
a digital controller for multiple linear systems is de-
veloped. The proposed method utilized the recently
developed LMI theory to obtain a single digital con-
troller which provide good state matching properties
with multiple linear systems. A numerical example
is provided to evaluate the feasibility of the proposed
approach.

1 Introduction

Digital redesign technique is the design technique
to construct a digital controller by using the pre-
designed analogue controller with the properties of
the analogue one maintained. This technique is very
useful since the most plant dynamics and design spec-
ifications are described in continuous-time. The digi-
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tal redesign technique, however, has been hardly ap-
plied to the simultaneous stabilization problem. Si-
multaneous stabilization is an important problem in
the control field. It is the problem of determining a
single controller which will simultaneously stabilize
a finite collection of plants. It may apply to apply
to linear plants characterized by difference modes of
operations or to the stabilization of nonlinear plants
linearized at several equilibria. In this paper, we de-
velop a new digital redesign method which can'be
applied to the stabilization of multiple linear systems.

2 Problem formulation

Consider the continuous-time linear time invariant

system as shown in equation (1).

zc(t) = Az (t) + Biuc(t)

1
ye(t) = Cizc(t) g



where, z. € R™*! is the state, u. € R™*! is the
control input, and A; € R™*", B; €¢ R**™, () €
RP*X™ are constant matrices.

The control input applied to the system (1) is

uc(t) == cyc(t) = _Kcoizc(t) (2)

where K, € R™*P,

The digital counterpart of the continuous-time con-
troller (2) is

ud(t) = —Kdyd(kT) = —chiwd(kT) (3)
for kT <t<kT+T
where,
z4(t) = Aizq(t) + Biug(?) )

ya(t) = Cizqa(t)

and K4 € R™*P.
The design problem is to determine the digital con-
troller gain K4 such that the closed-loop response of

the system (1) and (3) closely matches that of the
system (1) and (2)

3 Digital redesign
Consider the following augmented system.

2_(t) = A;2(t) — B;Kz(kT) (5)
where

o=,
Zd

i- A—-BK.C Ouxn
"7 | Onxn G
K= [ Omxn KaC ]7

Tc
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By using the block-pulse function method in [1], we
also obtain
1 1
z (kT +T)= I+ §HKCC)“1 (G - §HKCC)xC(kT)
(6)

Using (6), discrete system of the hybrid system (5)
can be represented as

2(kT +T) = (G -~ HK)z(kT) (N
where
T) = [ zo(KT) ]
zq(kT)
oo [ (I+3HK.) (G - $HK,) Onxn
Onxn G
.FI - [ Onxm ]
H
K= [ Omxn KaC ]
The corresponding cost function is defined as
Jo = i J(kT) (8)
k=0
where [2]
J(T) = L(ze(kT) — 2a(kT))T Q(zc(T) — za(kT))
= [ 2(kT)T zakT)T ] [ ?Q ;zQ }

9 z.(kT)
.’L’d(kT)
Therefore, the digital redesign problem is converted

to the standard discrete-time controller design prob-
lem. The following is the main result of this paper.

Theorem 1 The digital controller K4 is a digitally
redesigned controller if there erist a symmetric posi-

tive definite matriz I' and a matrices F = KT such



that the following LMI’s are satisfied.

r>0 9)

r *  x .|
Q1/2P

I x | >0
GT-HF 0 I‘j

(10)

If above inequalities has feasible solutions I' > 0 and
F, then the digital controller K4 is

K4 = F(CTy)™! (11)
where T's € R™?™ and satisfies
[y
Proof: The proof is omitted here for page limita-
tion
4 Simulation

Consider a set of following systems

.’i:c(t) = Aixc(t) + Biuc(t)

. (12)
Ye(t) =Cz.(t), (i=1,2)
where,

6.0199 - 8.7345 T 7.3265

Al = ) Bl =
2.5356  5.1340 4.2223
_[oes7 sss] [ 85706
27| 07206 29198 | T | 3.3576

C=| 6802 053]
We choose the sampling period T = 0.05 s. Sampling
(A;, B;, C) with the sampling period T using ZOH,
we have

z4(kT + T) = Gizq(kT) + Hyuq(kT)

X (13)
va(kT) = Cza(kT), (i=1,2)
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Figure 1: Comparison of steady-state output re-

sponses for the 1st model

where,
G = 1.3882 0.5826  H = 0.4875
0.1691 1.3291 0.2712
1.6244 O. .
Gy = 6244 0.3809  Hy= 0.5805
0.0496 1.1637 0.1907

The stabilizing feedback controller law is found to
be K, = 0.2612 and the digitally redesigned gain is
K4 = 0.2548. The output responses of the designed
systems are shown in Fig. 1 - 2 and Figure 3 - 4
show the control inputs.

5 Conclusion

A new digital redesign method which can construct a
digital controller for multiple linear systems is devel-
oped. A numerical example is provided to evaluate
the feasibility of the proposed approach.
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Figure 2: Comparison of steady-state output re- Figure 4: Comparison of steady-state control signals
sponses for the 2nd model for the 2nd model
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