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Topic Outline

▪ Transfer Function vs State Space (Motivation)

▪ State Space Models and Examples

▪ From Nonlinear to Linear State Space Models

▪ Linear Algebra Review

▪ Jordan Canonical Form 
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Transfer Function (SISO) Drawbacks
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Transfer Function (SISO) Drawbacks – Example 1
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Transfer Function (SISO) Drawbacks – Example 2



‘-

6
Luis Herrera, University at Buffalo, 2021

From Transfer Function to State Space Models – Case 1
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From Transfer Function to State Space Models – Case 2
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From Transfer Function to State Space Models – Case 2
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Example – Transfer Function to State Space
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Topic Outline

▪ Transfer Function vs State Space (Motivation)

▪ State Space Models and Examples

▪ Linear Approximation of Nonlinear Systems

▪ Linear Algebra Review

▪ Jordan Canonical Form 
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Review: Nonlinear State Space System Definition
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Review:  Linear State Space System Definition
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Example 1: Cruise Control
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Example 2: Pendulum
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Equilibrium Point Definition
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Linear Approximation of Nonlinear Systems
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Linear Approximation of Nonlinear Systems (2)
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Linear Approximation of Nonlinear Systems (3)
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Example: Pendulum Linearization
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Example: Pendulum Linearization (2)
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Topic Outline

▪ Transfer Function vs State Space (Motivation)

▪ State Space Models and Examples

▪ From Nonlinear to Linear State Space Models

▪ Linear Algebra Review

▪ Jordan Canonical Form 
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Motivation:  Linear State Space Systems
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Linear Vector Spaces



‘-

24
Luis Herrera, University at Buffalo, 2021

Linear Vector Spaces - Examples
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Linear Vector Spaces – Examples (cont’d)
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Subspace of a Vector Space



‘-

27
Luis Herrera, University at Buffalo, 2021

Subspace Example 1
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Subspace Example 2
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Subspace Example 3
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Span of a Set of Vectors
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Span of a Set of Vectors - Example
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Span of a Set of Vectors - Subspace
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Spanning Set for a Vector Space
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Spanning Set for a Vector Space (2)
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Spanning Set for a Vector Space - Example
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Spanning Set and Linearly Dependent Set of Vectors
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Linearly Dependent Vectors
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Linear Independence 
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Linear Independence – Example 1 
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Linear Independence – Example 2 
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Linear Independence – Example 3 
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Basis of a Vector Space
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Basis of a Vector Space – Example 1
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Basis of a Vector Space – Example 2
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Basis of a Vector Space – Example 3



‘-

46
Luis Herrera, University at Buffalo, 2021

Dimension of a Vector Space and Basis Summary
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Change of Basis - Motivation
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Change of Basis – General Basis
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Change of Basis – Coordinate Vector
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Change of Basis – Example (1)
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Change of Basis – Example (2)
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Change of Basis – Transition Matrix
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Linear Maps
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Linear Mapping Examples
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Linear Mapping Examples
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Matrix as a Linear Map
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Matrix of a Linear Map
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Linear Mapping – Matrix Examples
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Linear Mapping – Different Basis
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Null Space of a Linear Map
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Range/Column Space of a Linear Map
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Null/Range Space Example
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Null/Range Space Example
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Topic Outline

▪ Transfer Function vs State Space (Motivation)

▪ State Space Models and Examples

▪ From Nonlinear to Linear State Space Models

▪ Linear Algebra Review

▪ Jordan Canonical Form (LN5 Slides)


