
B. Stability

Consider a continuous-time (autonomous) dynamical system: ẋ = f(x) with
initial state x0.

Equilibrium point:

Stability of an equilibrium point:

Lyapunov Stability Theorem:
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Stability of a Continuous-time LTI System

An autonomous LTI System is stated as ẋ = Ax with initial state x0.
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Linear Matrix Inequalities

Definition:
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Primal and Dual forms of Optimization with LMI
Constraints
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Stability of a Discrete-time LTI System

An discrete-time autonomous LTI System is stated as xk+1 = Axk with

initial state x0.
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C. State Feedback for a Continuous-time LTI System

Consider the continuous-time system with input: ẋ = Ax+Bu.

Suppose A is not stable. Can we use feedback to stabilize the system?

Consider static full state feedback u = Kx where K is a matrix of suitable

dimension.

Dynamics of the closed-loop system: ẋ = (A+BK)x.

Problem: under what condition is (A+BK) stable?

Is this a LMI? If not, how to tackle this issue?
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State Feedback for a Discrete-time LTI System

An discrete-time LTI System is stated as xk+1 = Axk + Buk with initial

state x0.

What is the condition for the closed-loop system xk+1 = (A+BK)xk to be

stable? Is this a LMI?

Schur Complement Lemma: Consider three matricesX 2 Sn, Y 2 Rn⇥m, Z 2
Sm. Then, the following are equivalent:

1.


X Y
Y > Z

�
� 0.

2. X � Y Z�1Y > � 0 and Z � 0.

3. Z � Y >X�1Y � 0 and X � 0.
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D. State Estimation of a Discrete-time LTI System

An discrete-time autonomous LTI System is stated as xk+1 = Axk with

initial state x0.
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E. Robust Control
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