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What is state estimation? 

• Given a “black box” component, we can try to use a linear or nonlinear 
system to model it (maybe based on physics, or data-driven)

• Model may posit that the plant has  internal states, but we typically 
have access only to the outputs of the model (whatever we can 
measure using a sensor)

• May need internal states to implement controller: how do we estimate 
them?

• State estimation: Problem of determining internal states of the plant



Deterministic vs. Noisy case 

● Typically sensor measurements are noisy (manufacturing imperfections, 
environment uncertainty, errors introduced in signal processing, etc.) 

● In the absence of noise, the model is deterministic: for the same input 
you always get the same output 

● Can use a simpler form of state 
estimator called an observer 
(e.g. a Luenberger observer) 

● In the presence of noise, we use a state estimator, such as a Kalman 
Filter 

● Kalman Filter is one of the most fundamental algorithm that you will see 
in autonomous systems, robotics, computer graphics, … 



Random variables and statistics refresher 

 



Multi-variate sensor fusion 



Motion  makes things interesting 

● What if we have one sensor and making repeated measurements of a 
moving object? 

● Measurement differences are not all because of sensor noise, some of it 
is because of object motion 

● Kalman filter is a tool that can include a motion model (or in general a 
dynamical model) to account for changes in internal state of the system 

● Combines idea of prediction using the system dynamics with correction 
using weighted average (Bayesian inference)



Data fusion example 



Stochastic Difference Equation Models

● We assume that the plant (whose state we are trying to 
estimate) is a stochastic discrete dynamical process:



Kalman Filter



Step I: Prediction



Step I: Prediction



Step II: Correction



Step II: Correction



Step II: Correction



one-dimensional example



Extended Kalman Filter



EKF updates



EKF updates

● Correction updates:


