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State Feedback with State Observer
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Pole Placement and CTRB Canonical Form
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SI Pole Placement and CTRB
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MI Pole Placement and CTRB

Dongjun Lee

MI Pole Placement: Example
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State Observer
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State Estimation and OBSV
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Separation Principle
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Reference Tracking Control
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Reference Tracking Control
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Internal Model Control
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Internal Model Control
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Reduced Order Observer
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Reduced Order Observer

Dongjun Lee

Principle of Optimality
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Dynamic Programming

…

k k+1 N
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Hamilton‐Jacobi‐Bellman Equation
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HJB Equation w/ Hamiltonian
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HJB Equation ‐ Example
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Continuous‐Time Finite‐Horizon LQR
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Continuous‐Time Infinite‐Horizon LQR
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Gain Selection
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LQR: Examples
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LQR: Examples
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LQR: Examples
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LQR: Examples
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LQR: Examples
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Estimation Problem with Noises
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Linear Quadratic Estimation (LQE)
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Kalman‐Bucy Filter
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Kalman Filtering w/ No Uncertainty

orthogonal wrt I



17

Dongjun Lee

Kalman Filtering w/ No Uncertainty
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Kalman Filtering w/ Process Noise
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Kalman Filtering w/ Process Noise

orthogonal wrt P‐1k+1|k
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Kalman Filtering w/ Process Noise
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Kalman Filtering w/ Process Noise
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Kalman Filtering
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Kalman Filtering
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Kalman Filtering
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Kalman Filtering

direction with 
state uncertainty

weighted gain of 
measurementx

Dongjun Lee

Linear Quadratic Gaussian (LQG)

LQR robustness

KF in discrete

LQG wrap‐up

LQR filter Q and R/colored noise


