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Abstract— This paper studies the use of
Quantized State Control (QSC) in Time–
Varying (TV) plants. Making use of a Lya-
punov analysis, the stability properties of
Time Invariant QSC are extended to the non–
stationary case. Then, based on the resulting
stability theorem, a design algorithm is devel-
oped. Finally, the use of this algorithm –which
allows the design of QSC controllers according
to stability and convergence speed features– is
shown with the design and the simulation of an
illustrative example.
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I. INTRODUCTION

Quantized State Control (Kofman, 2003) is a method-
ology which allows the digital implementation of pre-
viously designed continuous controllers based on the
quantization of their state variables. The resulting
digital controller –which can be described by a dis-
crete event system– is completed with an asynchronous
sampling scheme (Sayiner et al., 1993) so that, ignor-
ing the temporal errors introduced by the clock of the
digital device, no time discretization is performed.
The use of QSC instead of classic discrete time dig-

ital controllers permits to conserve the region of at-
traction in nonlinear systems improving also the dy-
namic response and reducing the computational costs
as well as the information transmitted between con-
trollers and plants. In the LTI case, digital QSC con-
trollers also ensure that the resulting trayectories do
not differ from the ones obtained with the ideal con-
tinuous controllers in more than a bound which can be
calculated with a closed formula (Kofman, 2002).
Since QSC takes into account the presence of quan-

tization, it does not guarantee asymptotic stability
but ultimately boundedness of the solutions (Khalil,
1996). This fact, which seems to be a disadvantage,
is common to all the quantization based approaches
(Delchamps, 1990; Brockett and Liberzon, 2000; Elia
and Mitter, 2001). Moreover, in any sampled data
control system where the effects of A/D and D/A con-
verters are taken into account the theory can only talk
about ultimate bounds (Miller et al., 1989; Hou et al.,

1997).
The original definitions of QSC and the mentioned

properties were established under the assumption of a
Time–Invariant (TI) plant with a TI controller. Al-
though the restriction on the controller cannot be
avoided1, there is no reason to consider only TI plants.
Taking into account the last remark, this work at-

tempts to extend the properties and design algorithms
of TI QSC to the Time Varying case.
The paper is organized as follows:
After recalling the principles and properties of QSC

(Section II), the main results of QSC with TV–plants
–a stability Theorem and a design algorithm– are pre-
sented in Section III. Finally, these results are illus-
trated with the design and simulation of a simple ex-
ample.

II. QUANTIZED STATE CONTROL

QSC is a digital control scheme in which a continuous
plant is controlled by a discrete event system obtained
with the quantization of a continuous controller.

A. Quantized State Systems

Consider the State Equation System (SES) given by:
{

ẋ(t) = f(x(t), u(t))
y(t) = g(x(t), u(t)). (1)

Related to this system, an associated Quantized State
System (QSS) (Kofman and Junco, 2001) is given by:

{
ẋ(t) = f(q(t), u(t))
y(t) = g(q(t), u(t)). (2)

In this system, q(t) (quantized variables) and x(t)
(state variables) are related (componentwise) by hys-
teretic quantization functions, which are defined as fol-
lows:

Definition 1. Hysteretic Quantization Function.
Let Q = {Q0, Q1, ..., Qr} be a set of real numbers

where Qk−1 < Qk with 1 ≤ k ≤ r. Let Ω be the set
of piecewise continuous real valued trajectories and let
xi ∈ Ω be a continuous trajectory. Let b : Ω → Ω be

1In the general case it is not possible to obtain a discrete
event description of a quantized time–varying system.
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