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Introduce dynamic state estimation (DSE)

Discuss classes of observers/estimators + Applications  Briefly

 discuss stochastic estimators — Kalman filter 

Deterministic observers

State observer for MPC

Dynamic State Estimation for Dynamical 
Systems
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 What is dynamic state estimation (DSE)?
–Accurately depicting what’s happening inside a system
 Precisely: estimating internal system states
–In circuits: voltages and currents
–Water networks: amount of water flowing
–Chemical plants: concentrations
–Robots and UAVs: location & speed
–Humans: temperature, blood pressure, glucose level
 So how does having estimates help me?
–Well, if you have estimates, you can do control
–And if you do good control, you become better off!
 In power systems: DSE can tell me what’s happening to generators &

lines⇒ Preventing/Predicting Blackouts!

Introduction
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Dynamic observer: dynamical system that observes the
internal system state, given a set of input & output
measurements

State estimator: estimates the system’s states under different
assumptions Estimators: utilized for state estimation and
parametric identification

Observers: used for deterministic systems, Estimators: for
stochastic dynamical systems

If statistical information on process and measurement is
available, stochastic estimators can be utilized

This assumption is strict for many dynamical systems
Quantifying distributions of measurement and process noise is

very challenging

Introduction
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 Stochastic estimators:
–Extended Kalman Filter (EKF)
–Unscented Kalman filter (UKF)
–Square-root Unscented Kalman filter (SRUKF)
–Cubature Kalman Filter (CKF)
 Stochastic estimators used if distributions of measurement & process 

noise  are available
 System dynamics:

xk = f (xk−1, uk−1) + wk−1  

yk = h(xk, uk ) + vk
–wk−1 ∼ N (0, Qk−1) and vk ∼ N (0, Rk ): process &
measurement noise

–Qk−1 and Rk : covariance of qk−1 & rk

Stochastic estimators
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Stochastic Estimator: The Extended 
Kalman Filter
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Determinstic Estimators (Observers)
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 Deterministic observers for:
–LTI systems
–LTI systems + Unknown Inputs
–LTI systems + Unknown Inputs + Measurement Noise 
–Nonlinear systems (bounded nonlinearity)
–Nonlinear systems + Unknown Inputs
–Nonlinear systems + Unknown Inputs + Measurement 
–LTI delayed systems
–LTI delayed systems + Unknown Inputs
–Hybrid systems
–... and many more
*Deterministic estimators used if measurement and process noise  
distributions are not available



Determinstic Estimators (Observers)
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 Controllers often need values for the full state-vector of the plant

 This is nearly impossible in most complex systems

 Why? You simply can’t put sensors everywhere, and some states are  
inaccessible

 Observer: a dynamical system that estimates the states of the system  
based on the plant’s inputs and outputs 

 Who introduced observers? David Luenberger in 1963, Ph.D. 
dissertation



LuenbergerObserver and Plant Dynamics
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Observer-Based Control 
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Observer-Based Control  
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State observer for MPC
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Extended model for observer design
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Kalman filter design
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I/O feedthrough
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