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Abstract

This study intertwined the mathematical concepts of stability and recent
research works on stability of 2D space model Since Mathematics in
Engineering is inevitable. In this context, this study briefly emphasizes the
mathematical concepts especially in the Control Engineering field and also
includes recent research works on stability of 2D state space model.
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BASELINE OF THE STUDY

Mathematics in Engineering is inevitable. In a recent scenario, the challenge in the
Engineering field and the inadequate ability of the engineering students pose a
problem in mathematical education and requires a change in it. Engineering and
technological innovations have promoted new areas of mathematical research such as
Control Theory, Image and signal processing and coding theory in which intense
research works are under taken. In this context, this study briefly emphasizes the
mathematical concepts especially in the Control Engineering field and also includes
recent research works on stability of 2D space model since Stability analysis of 2-D
systems has been of continuous of interest over the past few decades due to its
applications on various fields such as image enhancement, water steam heating,
process control, and gas absorption.

This study is organized as follows: Sectionl specifies the description of a state space
model and gives an exemplar of mathematical concepts on stability. Section 2
describes the significances on stability of 2-D state space models. A brief survey and
the main results on the stability of 2-D state space models has been discussed in
Section 3. Finally, concluding remarks are summarized in Section 4.
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SECTION 1

i. State space model

State space representation is a mathematical model of a physical system as a set of
input, output and state variables related by the first order differential equation. While
the transfer function provides only input and output behavior of a system, state space
models also represent the internal behavior of the system.

ii. Matrix theory on stability analysis

Stability was probably the first question in classical dynamical systems which were
dealt with in a satisfactory way. Stability questions motivated the introduction of new
mathematical concepts i.e. tools in engineering, particularly in control engineering.
Stability theory is of more interest to mathematicians and astronomers for a long time
and got stimulating impact on these fields. Eigen values on Matrix theory concepts are
used to analyze the stability of a linear system. The following is one of the basic
results on which the development of linear system stability theory relies is an
exemplar in this regard.

iii. Theorem (Stability Properties of a Linear System).

Consider the linear system i = Ax, ¥ € B™, and for each eigenvalue A of A, suppose

that m 5 denotes the algebraic multiplicity of A and d ) the geometric multiplicity of A.

Then:

a) The system is asymptotically stable if and only A is a stability matrix; that is,
every eigenvalue of A has a negative real part.

b) The System is neutrally stable if and only if

. Every eigenvalue of A has a nonpositive real part and

. At least one eigenvalue has a zero real part, and d 5 = m , for every eigenvalue
A with a zero real part.

c) The system is unstable if and only if

. Some eigenvalue of A has a positive real part, or

. There is an eigenvalue A with a zero real part and d < m ;.

d) Also, if all eigenvalues of A has a positive real part, then the system is

completely unstable.

iv. Linear Matrix Inequality

The linear matrix inequality is a powerful technique to devise various control designs.
The advantage of LMI technique is that the problem of testing the stability of a
system can be formulated in terms of existence of a certain LMI. As solving LMIs is a
convex optimization problem, such formulations offer a competent numerical method
to deal with the problems that lack an analytical solution. Competent usage of LMI
requires profound knowledge on matrix theory.

SECTION 2
Stability analysis and stabilization are the major concern in the design of any control
system. Many researchers have considered the stability issues of 2-D systems. With
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the event of state-space models of 2-D discrete systems, various Lyapunov equations
have materialized as powerful tools for stability analysis and stabilization of 2-D
discrete systems. Lyapunov based sufficient conditions for the stability of 2-D
discrete systems have been studied. When the dynamics of practical systems are
represented using state-space models, errors are inevitable as the actual system
parameters would differ from the estimated system parameters. These errors arise due
to the approximations made during the process modeling, differences can be known
and the actual process operating points, change in operating conditions, system aging
etc.

Control designs based on these models, therefore, may not perform effectively when
applied to the actual industrial process and may lead to instability and poor
performances. This situation has motivated the study of robust control for the
uncertain 2-D discrete systems. The robust control aims is to stabilize the system
under all admissible parameter uncertainties arising due to the errors around the
nominal system. Many significant results on the solvability of a robust control
problem for the uncertain 2-D discrete systems have been proposed.

Another research area of great interest is the study and analysis of 2-D discrete
systems under the presence of noise where it is usually necessary to estimate the state
variables from the system measurement data. One of the significant approaches is
Kalman filtering which is an effective tool for estimating states of a system. It is
based on two fundamental assumptions that the system under consideration is exactly
known and a priori information on the external noises (like white noise, etc.).
However, in many practical situations, these assumptions may be invalid. It has
motivated the 2-D signal estimation using H, filtering technique. In contrast to
traditional Kalman filters, H., filters do not require the knowledge of the statistical
properties of the noise. H, filters are more robust to disturbances and modeling
uncertainties than Kalman filters. The benefit of H, filtering is that the noise sources
can be arbitrary signals with bounded energy, or bounded average power instead of
being Gaussian. Hence, H. filtering tends to be more robust when there exist
additional parameter disturbances in models and it is very appropriate in a number of
practical situations. The 2-D filtering approach with H., performance measure has
been developed.

SECTION 3

The 2-D state-space model is originated from Roesser, who developed the celebrated
Roesser model. Fornasini and Marchesini also presented the Fornasini-Marchesini
local state-space model. Based on these state-space models, many findings on stability
analysis and controller/filter design for 2-D systems in discrete and continuous
frameworks have been developed. For example, considerable numbers of researchers
were presented the stability results for a class of 2-D systems and few stability
criteria.

Rosser and FM models have been extended to positive systems. A positive system
means that its state and output are nonnegative whenever the initial condition and
input are nonnegative. Positive 2D systems are needed in many cases such as in
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Poisson’s equation and the wave equation in fluid dynamics and the heat equation
which describes the temperature in a given region over time. These facts stimulate the
research on 2D positive discrete systems. The choice of the forms of Lyapunov
functions for a positive 2D Roesser model also examined. The problem of stability
analysis for 2D positive systems has been analysed. It grasps the attention of the
researchers for further investigation even though the positive 2D systems have been
discussed in control engineering and mathematical literature recently.

On the other hand, during the past four decades the state-multiplicative noisy systems,
where uncertain parameters are illustrated by white noise processes, have received
considerable attention in the control community. State-multiplicative noisy systems,
which belong to a class of bilinear stochastic systems, emerged from the basic
principles in biology, chemistry, and many other areas. Several research results on
stability analysis and controller designs have been proposed in recent years. For
example, controller design techniques for linear systems, where the parametric
uncertainties are modeled as white noise processes, were presented in discrete time
and continuous-time settings. The stochastic H.-type approach has been established
for the disturbance attenuation of continuous and discrete stochastic systems. A robust
H., dynamic output feedback controller was proposed for linear delayed systems with
norm-bounded and stochastic uncertainties. Since all of the above-mentioned results
on State-multiplicative noisy systems were obtained in the context of one-dimensional
(1-D) systems, recent research works focus on the robust stability analysis of 2-D
State-multiplicative noisy systems.

From the above discussions, 2-D disturbed State-multiplicative noisy systems provide
a very useful framework for testing the stability and robustness of 2-D systems in
their implementation with digital hardware or computers. However, despite this
potential and practical importance, there has been only a little research on 2-D
disturbed State-multiplicative noisy systems and their robust stability.

SECTION 4

Engineering institution faculty in a discipline of Mathematics should be acquainted
with some basics on the related field of Engineering. These aspects would enable
them to interlink pure mathematical concepts to their respective Engineering
application field. This provides an insight to the purpose of studying the mathematical
preliminaries to the engineering students and will enhance their mathematical
proficiency. In this approach this study intertwined the mathematical concepts of
stability and the recent research works on stability of 2D space model.
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