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▪ Nonlinear Systems and Linearization

▪ Power Electronics State Space Averaging

▪ Transfer Function Analysis
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A. Bemporad, Lectures on automatic control, 2011

What is Control?
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What is Control?

Example:

▪ Automatic Cruise Control (ACC) is a cruise control system that automatically 
adjust the speed of the vehicle to maintain a safe distance from cars ahead

A. Bemporad, Lectures on automatic control, 2011
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Applications of Control Theory 

▪ Control systems can be used in many applications, 
ranging from:

• Automotive 

• Robotics

• Aeronautics & aerospace

• Power systems

• Power electronics

• …
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Example: Power Electronics
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Control System Components
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Classical vs Modern Control Systems
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Dynamic Models of Electric Circuits
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Open Loop vs Closed Loop Performance
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Solving an ODE
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State Space Representation of ODEs 
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Linear Time Invariant (LTI) State Space System
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System of First Order ODE – State Space Form 
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State Space Representation of Dynamic Systems
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Dynamic Model Example 1 (Time domain)
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Solution to a Linear System – General Form
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Stability of Linear Systems
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Block Diagram and Numerical Solution
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Block Diagram and Numerical Solution Example
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Linear System Stability Definition
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Stability Example
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Nonlinear Dynamical Systems
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Linear Oscillator Example
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Nonlinear Oscillator Example

https://johnson.ece.uw.edu/Papers/Journals/2013_TPEL-
SynchronizationOfSinglePhaseInvertersWithVirtualOscillatorControl.pdf

https://johnson.ece.uw.edu/Papers/Journals/2013_TPEL-SynchronizationOfSinglePhaseInvertersWithVirtualOscillatorControl.pdf
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Equilibrium Points
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Linearization
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Linearization
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Linearization Summary
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Hybrid Systems
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Switching/Hybrid Dynamical Systems
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State Space Averaging
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State Space Averaging - Definitions
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Power Electronics State Space Average
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Power Electronics State Space Average Summary



3939

Boost Converter Example
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Boost Converter Example Simulation Results
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Boost Converter Example - Linearization
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Boost Converter Example - Linearization
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Review of Laplace Transform
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Properties of Laplace Transform
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Analyzing Electrical Circuits Using Laplace Transform
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Analyzing Electrical Circuits Using Laplace Transform
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Analyzing Electrical Circuits Using Laplace Transform
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Laplace Transform of State Space Systems
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Analyzing Electrical Circuits Using Laplace Transform
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Comparison of State Space vs Transfer Function
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Summary of Transfer Functions
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Key Points
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