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Course Introduction

I ntroduction

This advanced training course delves into the intricate world of Nonlinear Control Systems Theory,
equipping participants with a deep understanding of complex system behaviors that cannot be adequately
described by linear models. Training Course on Nonlinear Control Systems Theory moves beyond
conventional linear control to explore the unique challenges and opportunities presented by nonlinear
dynamics, chaos, and multiple equilibria. Participants will gain expertise in fundamental analytical tools
such as phase plane analysis, Lyapunov stability theory, and input-output linearization, preparing them to
design robust and effective controllers for a wide array of real-world nonlinear processes, from robotics to
chemical reactors and aerospace systems.

In an era where precision and autonomy are paramount, mastering nonlinear control is critical for
achieving optimal performance in sophisticated engineering applications. This course will cover
cutting-edge methodologies including sliding mode control, backstepping, adaptive nonlinear
control, and the application of reinforcement learning for nonlinear systems. Through rigorous
theoretical exploration complemented by practical examples and simulations, attendees will
develop the analytical prowess to model, analyze, and design controllers for systems exhibiting
inherent nonlinearities, uncertain parameters, and complex dynamic phenomena. This program is
essential for professionals seeking to push the boundaries of control engineering in fields like
autonomous systems, power electronics, and biomedical engineering.
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This advanced training course delves into the intricate world of Nonlinear Control Systems Theory, equipping
participants with a deep understanding of complex system behaviors that cannot be adequately described by



linear models. Training Course on Nonlinear Control Systems Theory moves beyond conventional linear control
to explore the unique challenges and opportunities presented by nonlinear dynamics, chaos, and multiple
equilibria. Participants will gain expertise in fundamental analytical tools such as phase plane analysis,
Lyapunov stability theory, and input-output linearization, preparing them to design robust and effective
controllers for a wide array of real-world nonlinear processes, from robotics to chemical reactors and aerospace
systems.

In an era where precision and autonomy are paramount, mastering nonlinear control is critical for achieving
optimal performance in sophisticated engineering applications. This course will cover cutting-edge
methodologies including sliding mode control, backstepping, adaptive nonlinear control, and the application of
reinforcement learning for nonlinear systems. Through rigorous theoretical exploration complemented by
practical examples and simulations, attendees will develop the analytical prowess to model, analyze, and
design controllers for systems exhibiting inherent nonlinearities, uncertain parameters, and complex dynamic
phenomena. This program is essential for professionals seeking to push the boundaries of control engineering
in fields like autonomous systems, power electronics, and biomedical engineering.

Course duration
10 Days

Course Objectives
1. Understand and classify various types of nonlinearities present in dynamic systems.
2. Analyze the stability of nonlinear systems using Lyapunov theory and related techniques.
3. Perform phase plane analysisto visualize and interpret the behavior of second-order nonlinear
systems.
Apply linearization methods around operating points for local analysis and control design.
Design and implement input-output linearization controllers for feedback control.
Develop robust controllers using sliding mode control for systems with uncertainties.
Utilize backstepping techniques for systematic design of controllers for cascaded nonlinear
systems.
8. Understand and apply adaptive nonlinear control for systems with unknown parameters.
9. Analyze the behavior of limit cycles, bifurcations, and chaotic phenomena in nonlinear
systems.
10. Implement optimal control strategies for nonlinear systems using variational calculus.
11. Evaluate and select appropriate nonlinear control design methodologies for specific
applications.
12. Utilize computational tools for the analysis and simulation of nonlinear control systems.
13. Contribute to the advancement of autonomous systems and complex process automation
through nonlinear control.

N oo g &

Organizational Benefits
1. Enhanced System Performance: Achieve optimal control for inherently nonlinear processes.
2. Increased Robustness and Reliability: Design controllers resilient to uncertainties and
disturbances.
3. Improved Efficiency: Optimized operation of complex, nonlinear equipment (e.g., engines,
reactors).



8.
9.
10.

Expanded Design Capabilities: Tackle control challenges previously intractable with linear
methods.

. Reduced Development Time: Systematic design methodologies for nonlinear systems.
. Better Understanding of System Behavior: Deeper insights into complex dynamics.

Innovation in Product Development: Enable advanced features in autonomous and robotic
systems.

Risk Mitigation: Design safer control systems for highly nonlinear processes.

Competitive Advantage: L eading-edge expertise in advanced control.

Highly Skilled Workforce: Empowered employees proficient in nonlinear control theory.

Target Participants
« Control Systems Engineers
« Robotics Engineers
« Aerospace Engineers
o Chemical Engineers
« Electrical Engineers
» Mechanical Engineers
» Researchersin Academiaand Industry
« PhD Studentsin Control Engineering

Course Outline

Module 1: Introduction to Nonlinear Systems

« Definition of Nonlinear Systems: Distinction from linear systems, examples in nature and

engineering.

« Typesof Nonlinearities: Saturation, dead zone, hysteresis, friction, on-off, backlash.
« Challenges of Nonlinear Control: Absence of superposition principle, multiple equilibria,

limit cycles, chaos.

« Modeling Nonlinear Systems: Deriving nonlinear differential equations from first

principles.

o Case Study: Modeling a pendulum with friction and air resistance as a nonlinear system.

Module 2: Phase Plane Analysis

« Phase Portraits: Visualizing trgectories of second-order autonomous systems.
« Equilibrium Points: Locating and classifying critical points (nodes, saddles, spirals,

centers).

« Limit Cycles: Understanding stable and unstable periodic orbits.

Index Theory and Poincar é-Bendixson Theorem: Tools for analyzing limit cycle
existence.

» Case Study: Analyzing the phase plane of aVVan der Pol oscillator to identify its limit cycle.

Module 3: Stability Analysisof Nonlinear Systems

« Conceptsof Stability: Equilibrium points (local vs. global, asymptotic, exponential

stability).



« Lyapunov Stability Theory (Direct Method): Constructing Lyapunov functions for stability
proofs.

« LaSalle'sInvariance Principle: Extending Lyapunov analysis to systems with non-
decreasing Lyapunov functions.

« Linearization and L ocal Stability: Anayzing stability around equilibrium points using
Jacobians.

» Case Study: Proving the stability of a nonlinear mass-spring-damper system using Lyapunov
functions.

Module 4: Input-Output Stability

« Input-Output Stability Concepts. Bounded-Input Bounded-Output (BIBO) stability for
nonlinear systems.

« Small Gain Theorem: Analyzing stability of interconnected nonlinear systems.

« Passivity Theory: Characterizing systems based on energy dissipation properties.

« L2-Stability: Anayzing stability in terms of signal norms.

« Case Study: Analyzing the input-output stability of anonlinear circuit with a diode.

Module 5: Feedback Linearization (Input-Output Linearization)

« Concept of Differential Flatness: Transforming nonlinear systems into linear ones.

» Relative Degree: Determining how many differentiations are needed to expose the input.

« Input-Output Linearization Design: Cancelling nonlinearities to achieve linear input-output
behavior.

» Zero Dynamics: Analyzing the stability of internal dynamics after linearization.

« Case Study: Designing an input-output linearizing controller for an inverted pendulum.

Module 6: Feedback Linearization (Full State Linearization)

« Concept of Diffeomor phism: Finding a coordinate transformation to linearize the entire
state space.

« LieDerivativesand Lie Brackets: Tools for analyzing system geometry and integrability.

« Conditionsfor Full State Linearization: Frobenius Theorem.

« Design of Full State Linearizing Controllers: Transforming the nonlinear system into a
controllable linear one.

» Case Study: Applying full state linearization to a robotic manipulator arm to achieve linear
dynamics.

Module 7: Sliding M ode Control (SMC)

« Concept of Sliding Surface: Defining a desired manifold in the state space.

« Reaching Phase and Sliding Phase: Driving the system onto and maintaining it on the
surface.

« Robustnessto Distur bances and Uncertainties: Inherently robust nature of SMC.

» Chattering Phenomenon and Mitigation: Techniques to reduce high-frequency oscillations.

« Case Study: Designing a sliding mode controller for aDC motor with unknown load
variations.

Module 8: Backstepping Control

» Recursive Design Principle: Designing controllers step-by-step for cascaded nonlinear
systems.

« Virtual Control Inputs: Defining intermediate control laws for subsystems.

« Lyapunov Function Construction for Each Step: Ensuring stability at each stage.



« Strict Feedback Form: Class of systems suitable for backstepping design.
» Case Study: Designing a backstepping controller for athree-link robotic arm.

Module 9: Adaptive Nonlinear Control

« Parametric Uncertaintiesin Nonlinear Systems: Dealing with unknown system
parameters.

« Parameter Estimation Techniques. Online estimation using adaptation laws.

o Model Reference Adaptive Control (MRAC) for Nonlinear Systems. Adapting to desired
reference models.

» Sliding Mode Adaptive Control: Combining robustness with parameter adaptation.

« Case Study: Developing an adaptive controller for a chemical reactor with unknown reaction
Kinetics.

Module 10: Lyapunov-Based Control Design

« Control Lyapunov Functions (CLFs): Directly designing controllers to make afunction a
Lyapunov function.

« Stabilization by State Feedback: Using CLFs to derive stabilizing control laws.

» Robustness of L yapunov-Based Controllers: Performance in the presence of perturbations.

« Inverse Optimality: Connecting Lyapunov stability to optimal control.

» Case Study: Designing a control law for a quadrotor using a control Lyapunov function for
stable flight.

Module 11: Optimal Control for Nonlinear Systems

« Calculusof Variations: Foundations for optimal control theory.

« Pontryagin's Minimum Principle: Necessary conditions for optimal control.

« Hamilton-Jacobi-Bellman (HJB) Equation: Solving for optimal control in dynamic
programming.

o Numerical Methodsfor Optimal Control: Direct and indirect methods for solving OCPs.

« Case Study: Optimizing the trgjectory of arocket for fuel efficiency using optimal control
principles.

Module 12: Advanced Topics: Limit Cycles and Chaos

« Bifurcation Theory: Analyzing changesin system behavior as parameters vary.

o Chaosin Dynamical Systems. Lorenz attractor, characteristics of chaotic systems.

« Controlling Chaos: Techniques to stabilize unstable periodic orbits.

« Synchronization of Chaotic Systems. Applicationsin secure communication.

« Case Study: Analyzing the bifurcationsin a power system model as load parameters change.

Module 13: Introduction to Reinforcement L earning for Nonlinear Control

« Markov Decision Processes (MDPs): Formalizing sequential decision-making.

» Value Functions and Policy Gradients: Core concepts in reinforcement learning.

« Deep Reinforcement Learning for Control: Using neural networksto learn control policies.

« Applicationsin Nonlinear Control: Learning optimal policies for complex, uncertain
systems.

« Case Study: Training areinforcement learning agent to control arobot manipulator in a
dynamic environment.

Module 14: Computational Toolsfor Nonlinear Control

« MATLAB/Simulink for Nonlinear Systems. Modeling, simulation, and analysis.



« Python Librariesfor Control: SciPy, Control Systems Library, PyTorch/TensorFlow for
ML-based control.

o Numerical Solversfor ODEs. Simulating nonlinear system dynamics.

« Symbolic Mathematicsfor Control Design: Upcoming Scheduled Sessions

Start Date End Date Location Price

10 Aug 2026 21 Aug 2026 Online $2,200
17 Aug 2026 28 Aug 2026 Online $2,200
24 Aug 2026 04 Sep 2026 Online $2,200
31 Aug 2026 11 Sep 2026 Online $2,200
07 Sep 2026 18 Sep 2026 Online $2,200
14 Sep 2026 25 Sep 2026 Online $2,200
21 Sep 2026 02 Oct 2026 Online $2,200
28 Sep 2026 09 Oct 2026 Online $2,200
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