Filtered Repetitive Control With
Nonlinear Systems: Enhancing
Performance and Stability

In today's rapidly evolving technological world, it's essential to find efficient
solutions to control complex systems. One such solution that has gained
significant attention is the filtered repetitive control method. This article explores
the application of filtered repetitive control with nonlinear systems, focusing on

how it improves performance and stability.

Understanding Nonlinear Systems

Nonlinear systems are characterized by complex behavior and interactions
between different variables, making them challenging to control. Unlike linear
systems where the output is directly proportional to the input, nonlinear systems

exhibit nonlinear relationships, leading to difficulties in achieving accurate control.

Filtered repetitive control offers a promising approach to tackle the complexities of
controlling nonlinear systems. By leveraging the repetitive nature of the system's
behavior, this control method employs external signals to compensate for
repetitive disturbances, ultimately improving the system's performance and

stability.
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The Fundamental Principles of Filtered Repetitive Control

Filtered repetitive control operates on the principle of identifying and
compensating for repetitive disturbances in a system. It utilizes a filter to extract
the repetitive disturbances from the system's input and generates a control signal

to counteract their effects.

One of the key advantages of filtered repetitive control is its ability to learn and
adapt over time. Through an iterative process, the filter continuously refines itself,
allowing for better cancellation of repetitive disturbances. As a result, the control
signal becomes progressively more accurate, enhancing overall system

performance.

Implementation of Filtered Repetitive Control with Nonlinear
Systems

The application of filtered repetitive control with nonlinear systems requires
specific considerations to ensure optimal performance. One critical aspect is the
design of the filter. Since nonlinear systems are known for their complex
dynamics, a suitable filter design should adapt to these dynamics to effectively

cancel repetitive disturbances.
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Nonlinear systems are often described by mathematical models, such as
differential equations, which capture the system's behavior. By incorporating
these models into the filter design, it becomes possible to tailor the filter's
characteristics to the specific nonlinear system's dynamics, greatly improving its

performance.

Enhancing Performance and Stability

Filtered repetitive control offers several advantages when applied to nonlinear
systems, ultimately enhancing their performance and stability. Here are some key

benefits:

1. Disturbance Rejection:

Filtered repetitive control actively identifies and cancels repetitive disturbances,
which are common in nonlinear systems. By attenuating these disturbances, the

system can operate with reduced error and improved accuracy.

2. Robustness:

Nonlinear systems are often subject to varying operating conditions, parameter
uncertainties, and external disturbances. Filtered repetitive control's adaptive
nature makes it inherently robust, allowing it to maintain performance even under

changing environments.

3. Tracking Accuracy:

Filtered repetitive control enhances tracking accuracy by compensating for
repetitive disturbances, ensuring that the system follows the desired trajectory
more closely. This is particularly beneficial for applications that require high

precision control.

4. Increased System Resilience:



Nonlinear systems can be prone to instability and oscillations. By effectively
canceling repetitive disturbances, filtered repetitive control improves the system's
resilience against instability, resulting in a more robust and reliable control

scheme.

Real-World Applications

The application of filtered repetitive control with nonlinear systems has found

success in various industries and domains. Here are some examples:

1. Robotics and Automation:

Robotic systems often operate in dynamic and uncertain environments, making
them ideal candidates for filtered repetitive control. It helps in achieving precise
and reliable control for tasks that require repetitive motion, such as pick-and-place

operations.

2. Automotive Control:

In the automotive industry, filtered repetitive control can be utilized to enhance the
control of nonlinear systems, such as engine management and suspension
systems. It improves stability, reduces fuel consumption, and provides a smoother

driving experience.

3. Power Electronics:

Nonlinear systems encountered in power electronics, such as inverters and
converters, can benefit from filtered repetitive control to achieve accurate power

conversion and maintain stable operation.

4. Communication Systems:

Filtered repetitive control can be employed to mitigate repetitive disturbances in

communication systems, leading to improved signal quality, reduced interference,



and enhanced data transmission reliability.

Filtered repetitive control offers a powerful solution for enhancing the

performance and stability of nonlinear systems. By effectively identifying and
canceling repetitive disturbances, this control method enables accurate control
and robust operation. lts adaptive nature and ability to learn make it well-suited for
dynamic and uncertain environments. As technology continues to advance, the
application of filtered repetitive control with nonlinear systems will undoubtedly

contribute to the development and optimization of various industries.
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Though there have been significant advances in the theory and applications of
linear time-invariant systems, developments regarding repetitive control have
been sporadic. At the same time, there is a dearth of literature on repetitive

control (RC) for nonlinear systems.

Addressing that gap, this book discusses a range of basic methods for solving RC
problems in nonlinear systems, including two commonly used methods and three

original ones. Providing valuable tools for researchers working on the
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development of repetitive control, these new and fundamental methods are one of
the major features of the book, which will benefit researchers, engineers, and

graduate students in e.g. the field of control theory.
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