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Modern Control Theory
state-space model analysis
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State-space model: DC motor

Motor speed control
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Motor position control
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Transfer function to state-space model
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Vehicle longitudinal motion

Vehicle lateral motion

𝜓𝑑𝑒𝑠
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Linear and Nonlinear system
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Linear systems

Nonlinear systems

- Time-invariant linear system

- Time-varying linear system

- Time-invariant linear system

- Time-varying linear system
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Linear and Nonlinear system
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Nonlinear systems

- Time-invariant linear system

- Time-varying linear system
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State-space model analysis

Model analysis
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- State equation - Output equation

Transfer function

State-space model

- Stability, percent overshoot, rise time, settling time…

- Stability, controllability, observability…
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Eigenvector & eigenvalue

Eigenvector

Eigenvalue

For nonzero solution x

(a) Not eigenvector (b) Eigenvector
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Eigenvector & eigenvalue

1 2 = −

2 4 = −
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Eigenvector & eigenvalue

1 2 = − 2 4 = −

x1

x2

𝐴x2

𝐴x1

Why eigenvalues are important?

det 𝜆𝐈 − 𝐀 = 0
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State equation solution: traditional

Given state equation, 

consider scalar state
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State equation solution: Laplace transform 

Given state equation, 

Laplace transform

Laplace transform
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State equation solution

ሶ𝑥 𝑡 = 𝐴𝑥 𝑡 + 𝐵𝑢 𝑡 𝑥 𝑡0 = 𝑥0

Matrix exponential
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State equation solution

assume an infinite power series form for the solution
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Matrix exponential properties
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Controllability
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Example
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Example

= =
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Properties
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Example

𝑒𝐴𝑡 = ℒ{ 𝑠𝐼 − 𝐴 −1}
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