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In the fast-paced world of robotics and automation, the control of underactuated
mechanical systems poses great challenges. Underactuated systems are those
where the number of control inputs is less than the number of degrees of
freedom, making it difficult to achieve desired trajectories and stable operation.
However, with advancements in non-linear control techniques, researchers and
engineers are paving the way for better communication and control of
underactuated systems.

The Need for Advanced Control
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In traditional mechanical systems, each degree of freedom can be individually
actuated, allowing for intuitive control. However, underactuated systems, such as
robotic arms or autonomous vehicles, have fewer control inputs than the number
of degrees of freedom, making it challenging to achieve desired behaviors. These
systems often require complex control algorithms that can account for the
underactuation and still accomplish the desired tasks.
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Understanding Non-Linear Control

Non-linear control is an approach to control systems that does not rely on linear
equations to describe the system dynamics. Instead, it utilizes mathematical
models that capture the complex behavior of underactuated mechanical systems.
Non-linear control algorithms can adapt to the varying dynamics of the system
and provide more accurate control signals to achieve desired trajectories.

Benefits of Non-Linear Control

Non-linear control techniques offer several advantages when it comes to
controlling underactuated mechanical systems. Firstly, they can handle the
complex dynamics and uncertainties associated with many underactuated
systems, leading to improved stability and robustness. Secondly, non-linear
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control strategies can exploit energy-based considerations and optimize energy
consumption, resulting in more efficient operation. Finally, these techniques
enable better communication between different subsystems of the underactuated
system, leading to seamless coordination and precise control.

Applications in Robotics

Non-linear control for underactuated mechanical systems has found extensive
applications in the field of robotics. Robotic arms, which are often underactuated,
require precise control for various tasks, such as object grasping and
manipulation. Non-linear control algorithms enable these robotic arms to achieve
dexterous movements while maintaining stability. Similarly, autonomous vehicles,
such as drones or self-driving cars, benefit from non-linear control to perform
complex maneuvers and navigate through challenging environments.

Real-World Examples

One notable example of non-linear control for underactuated systems is the
control of humanoid robots. Humanoid robots imitate human movements, which
involve a high degree of underactuation. Non-linear control algorithms allow these
robots to perform tasks such as walking, running, and jumping by adapting to the
varying dynamics of their bodies. Another example is the control of underwater
vehicles, which often have limited control inputs. Non-linear control techniques
enable these vehicles to maintain stability and perform tasks in an underwater
environment with high precision.

The Future of Underactuated Systems Communication and Control

The development of non-linear control techniques for underactuated mechanical
systems is an active area of research. With advancements in machine learning
and artificial intelligence, it is expected that control algorithms will become even
more sophisticated, allowing for better communication and coordination between



different subsystems of underactuated systems. This would lead to improved
autonomy, efficiency, and safety in various applications, including robotics,
aerospace, and even medical devices.

Non-linear control for underactuated mechanical systems is a vital field of study in
robotics and automation. By utilizing advanced control algorithms, researchers
and engineers are bridging the gap between the limited control inputs and the
desired behaviors of underactuated systems. This allows for more precise
control, improved stability, and efficient operation. As technology continues to
progress, we can expect further advancements in non-linear control techniques,
leading to new possibilities and applications in various industries.
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This book deals with the application of modern control theory to some important
underactuated mechanical systems, from the inverted pendulum to the helicopter
model. It will help readers gain experience in the modelling of mechanical
systems and familiarize with new control methods for non-linear systems.
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