
Robust Control of Linear Stochastic Systems:
Mastering Mathematical Methods for Stability
and Performance

In today's rapidly advancing technological landscape, the control of stochastic
systems plays a pivotal role in ensuring stability and optimizing performance in
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various industries such as aerospace, automotive, and manufacturing. Among the
plethora of control techniques available, robust control methods have emerged as
a powerful tool to tackle the uncertainties inherent in stochastic systems.
Mathematical methods serve as the foundation for understanding and applying
these robust control strategies.

Understanding Linear Stochastic Systems

Before delving into the mathematical methods behind robust control, it is crucial
to establish a clear understanding of linear stochastic systems. Linear stochastic
systems are mathematical models used to represent real-world processes that
exhibit random behavior. They are described by linear differential equations with
stochastic disturbances, making their behavior unpredictable. These systems are
characterized by uncertainty, making it challenging to design effective control
strategies that ensure stability and optimal performance.
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In the quest for stability and performance optimization, the control of linear
stochastic systems must account for uncertainties, modeling errors, and external
disturbances. Traditional control techniques, which assume a perfect knowledge
of system dynamics, fall short in tackling the inherent randomness and
uncertainties. This is where robust control methods come into play. Robust
control strategies aim to create controllers that maintain stable system behavior
and performance, regardless of these uncertainties.

Mathematical Methods in Robust Control

Robust control relies heavily on mathematical methods for analyzing and
designing controllers. Let's explore some of the key mathematical techniques
employed in this field:

1. Linear Matrix Inequalities (LMIs)

LMIs are a powerful mathematical tool used extensively in robust control. They
provide a framework for representing a wide range of constraints, uncertainties,
and performance specifications. By formulating the control problem as a set of
LMIs, one can employ optimization algorithms to find optimal controller
parameters that ensure stability and meet desired performance objectives.

2. H∞ Control

H∞ control is a popular formalism in robust control that aims to maximize the
resilience of a system to uncertainties. This mathematical method formulates the
control design as an optimization problem, seeking a controller that guarantees a
certain level of performance while minimizing the effect of disturbances. H∞
control leverages powerful mathematical techniques such as singular value
decomposition and loop shaping to achieve robust stability and performance.

3. LQR Control



The Linear Quadratic Regulator (LQR) is a widely used optimal control technique
that relies on mathematical methods such as dynamic programming and Riccati
equations. LQR control aims to find a feedback control law that minimizes a cost
function, typically representing a trade-off between control effort and system
performance. LQR control is often utilized in robust control to handle stochastic
uncertainties by designing feedback controllers that optimize system behavior.

4. Kalman Filtering

Kalman filtering is a mathematical technique used to estimate the state of a
system based on imperfect measurements and stochastic disturbances. This
method plays a crucial role in robust control by providing accurate state
estimations, even in the presence of noise and uncertainties. By combining
Kalman filtering with feedback control, robust control systems can effectively
compensate for uncertainties and achieve optimal performance.

Advantages of Mathematical Methods in Robust Control

By harnessing the power of mathematical methods in robust control, engineers
and researchers can benefit from several advantages:

Effective design and analysis of control systems in the presence of
uncertainties

Optimal performance under varying conditions and disturbances

Stability guarantees even in the face of modeling errors

Efficient utilization of system resources

Improved robustness and resilience against uncertainties

Mathematical methods play a crucial role in the control of linear stochastic
systems. By leveraging techniques such as linear matrix inequalities, H∞ control,



LQR control, and Kalman filtering, engineers and researchers can design robust
controllers capable of ensuring stability and optimal performance. These
mathematical methods provide a solid foundation for tackling the uncertainties
inherent in stochastic systems and revolutionize the field of control engineering.

Mastering the mathematical methods in robust control enables us to conquer the
challenges imposed by the random behavior of linear stochastic systems,
spearheading advances in various industries and propelling us towards a more
efficient and resilient future.
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 - A unified and abstract framework for Riccati type equations arising in the
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- Stability and control problems for systems perturbed by homogeneous Markov
processes with infinite number of states

- Mixed H / H  control problem and numerical procedures

- Linear differential equations with positive evolution on ordered Banach spaces
with applications for stochastic systems including both multiplicative white noise
and Markovian jumps represented by a Markov chain with countable infinite set of
states

-  Kalman filtering for stochastic systems subject both to state dependent noise
and Markovian jumps

-  H  reduced order filters for stochastic systems

 The book will appeal to graduate students, researchers in advanced control
engineering, finance, mathematical systems theory, applied probability and
stochastic processes, and numerical analysis.

From Reviews of the First Edition:

 This book is concerned with robust control of stochastic systems. One of the
main features is its coverage of jump Markovian systems. … Overall, this book
presents results taking into consideration both white noise and Markov chain
perturbations. It is clearly written and should be useful for people working in
applied mathematics and in control and systems theory. The references cited
provide further reading sources.

 (George Yin, Mathematical Reviews, Issue 2007 m)
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This book considers linear time varying stochastic systems, subjected to white
noise disturbances and system parameter Markovian jumping, in the context of
optimal control … robust stabilization, and disturbance attenuation. … The
material presented in the book is organized in seven chapters. … The book is
very well written and organized. … is a valuable reference for all researchers and
graduate students in applied mathematics and control engineering interested in
linear stochastic time varying control systems with Markovian parameter jumping
and white noise disturbances.

(Zoran Gajic, SIAM Review, Vol. 49 (3), 2007)
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