
Probabilistic Graphical Models
Lectures 17

Inference in Temporal Models
Recursive Bayesian Filtering

Intro to Kalman Filter
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Remember: Temporal Models
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Remember: Temporal Models
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What if εv cannot model approximation?
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Solution 1: create more dependencies.



What if εv cannot model approximation?
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Solution 2: add acceleration to state vector. 



Remember: Temporal Models (nonlinear 
case)
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Linear:

    Xt = A Xt-1 + ε

Nonlinear:

    Xt = f(Xt-1) + ε

    Xt = f(Xt-1, ε)

Xt-1 Xt



Remember: Temporal Models (nonlinear case 
with input)
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Xt-1 Xt

Linear:

    Xt = A Xt-1 + B ut + ε

Nonlinear:

    Xt = f(Xt-1,   ut) + ε

    Xt = f(Xt-1,  ut,ε)

u2

 
 

 



Remember: Observation Model Example
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Remember: Observation Model Example
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Remember: Transition and Observation 
Models
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(No input)

    P(Xt | Xt-1)       Transition Model

    P(Ot | Xt)          Observation Model

Xt-1 Xt

Ot



Inference: State Estimation

Given O1, O2, … ,  Ot    what is Xt?

P(Xt | O1, O2, … ,  Ot) = ?
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Inference: Prediction
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Given O1, O2, … ,  Ot-1    what is Xt?

P(Xt | O1, O2, … ,  Ot-1) = ?



Inference Problems

pred(Xt) = P(Xt | O1, O2, … ,  Ot-1)     Prediction

corr(Xt) = P(Xt | O1, O2, … ,  Ot)        Correction (update)
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Inference Problems
pred(Xt) = P(Xt | O1, O2, … ,  Ot-1)     Prediction

corr(Xt) = P(Xt | O1, O2, … ,  Ot)        Correction (update)

1. Variable Elimination
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Inference Problems

pred(Xt) = P(Xt | O1, O2, … ,  Ot-1)     Prediction

corr(Xt) = P(Xt | O1, O2, … ,  Ot)        Correction (update)

1. Variable Elimination

2. Recursive Bayesian Filtering

        ··· → pred(Xt) →  corr(Xt) →  pred(Xt+1) →  corr(Xt+1) → ···
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Prediction Phase
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pred(Xt) = P(Xt | O1, O2, … ,  Ot-1) = 



Recursive Bayesian Filtering - Prediction
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Correction Phase

corr(Xt) = P(Xt | O1, O2, … ,  Ot)       
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Recursive Bayesian Filtering - Correction
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Initialization Phase

pred(Xt) = P(Xt | O1, O2, … ,  Ot-1)     Prediction

corr(Xt) = P(Xt | O1, O2, … ,  Ot)        Correction (update)

pred(X1) = P(X1)

corr(X1) = P(X1 | O1)
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Kalman Filter

Recursive Bayesian Filtering

●  P(Xt | Xt-1)       Transition Model

●  P(Ot | Xt)          Observation Model

Simple Case:

● Continuous States
● Linear Transition and Observation Models
● Additive Gaussian Noise 22



Kalman Filter

● Continuous States
● Linear Transition and Observation Models

○ Xt = A Xt-1 + εx

○ Ot = B Xt + εo

● Additive Gaussian Noise
○ εx ~ N(0, Σx)

○ εo ~ N(0, Σo)
23



Kalman Filter

● Linear Transition and Observation Models
○ Xt = A Xt-1 + εx   ,        Ot = B Xt + εo

● Additive Gaussian Noise
○ εx ~ N(0, Σx),   εo ~ N(0, Σo)

P(Xt | Xt-1) = Pεx(A Xt-1 -  Xt) = Normal(A Xt-1 -  Xt; 0, Σx)

P(Ot | Xt) = Pεo( Ot - B Xt) = Normal(Ot - B Xt; 0, Σo)
24



Kalman Filter
● Linear Transition and Observation Models

○ Xt = A Xt-1 + εx   ,        Ot = B Xt + εo

● Additive Gaussian Noise
○ εx ~ N(0, Σx),   εo ~ N(0, Σo)

P(Xt | Xt-1) = Pεx(A Xt-1 -  Xt) = Normal(A Xt-1 -  Xt; 0, Σx)

P(Ot | Xt) = Pεo( Ot - B Xt) = Normal(Ot - B Xt; 0, Σo)

pred(Xt) and corr(Xt) remain Gaussian. 
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Kalman Filter
● Linear Transition and Observation Models

○ Xt = A Xt-1 + εx   ,        Ot = B Xt + εo

● Additive Gaussian Noise
○ εx ~ N(0, Σx),   εo ~ N(0, Σo)

P(Xt | Xt-1) = Pεx(A Xt-1 -  Xt) = Normal(A Xt-1 -  Xt; 0, Σx)

P(Ot | Xt) = Pεo( Ot - B Xt) = Normal(Ot - B Xt; 0, Σo)

Recursive Bayesian Filter → Kalman Filter
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Remember: Gaussian Distribution
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p(x) can be represented with µ, σ 



Remember: Multivariate Gaussian 
Distribution

28p(x) can be represented with µ, Σ



Kalman Filter

29



Kalman Filters
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