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Syllabus:

1. Control theory and its problems. Dynamic system. Stability notions and Lyapunov theory
overview. Controllability and observability. Normal form of controllable linear

autonomous system.

2. Lie derivative. Frobenius theorem. Controllability. Feedback linearization. Relative
degree of non-linear control system. Scalar and vector relative degree. Zero dynamics.

Minimum-phase feature. Uncertainty conditions and robustness problem.

3. Introduction to Sliding-Mode Control. Equivalent control method. Differential equations
with discontinuous right-hand sides: the Filippov theory. Theorems on solution existence,

continuous dependence on the right-hand side and initial conditions.

4. Invariance of the sliding mode motions and matching conditions. Mathematical
equivalence between classical sliding mode control and high-gain feedback. Chattering

effect and sliding mode regularization.

5. Higher-order sliding mode: connection with zero dynamics and vector relative degree.
Existence theorem. Discrete sampling sliding-mode control. Sliding order and sliding

accuracy.

6. Infinite-time and finite-time convergence. Higher-order sliding modes in systems with
actuators. The Anosov theorem. Dynamical sliding modes. Arbitrary-order sliding

problem and its importance.

7. The homogeneity notion and the homogeneity approach to sliding-mode design. 2-sliding
technique: main algorithms. Practical example: aircraft pitch-control contour design.
Arbitrary-order sliding controllers with finite-time convergence. Quasi-continuous

sliding-mode control.

8. Real-time differentiation problem. Intrinsic accuracy restrictions. Asymptotically-optimal
differentiation. Arbitrary-order optimal robust exact differentiator with finite-time

convergence. Signal and image processing applications.

9. Universal output-feedback controller for uncertain Single-Input-Single-Output system
with known relative degree. Homogeneity approach and the accuracy asymptotics. Some

results in the Multi-Input-Multi-Output case.
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