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Hidden Markov Chains (HMC)
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- linear and Gaussian case : Kalman filtering

- general case : extended Kalman , particle filtering� � �
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Extension HMC / Pairwise Markov Chains (PMC) ?
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Extension HMC / Pairwise Markov Chains (PMC) ?
=
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� Bayesian restoration : � 
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Extension PMC / Triplet Markov Chains (TMC) ?
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Example 1 :K discrete, L discrete
� Hidden semi-Markov Chains (e.g.[Yu and Kobayashi, 2003]) :

- M � the time during which N � remains in the same state

- O B probability distribution (on PQ H ) of state duration

R SSSSSSS
T SSSSSSSU

V WX % Y - ZX % []\ % ^ _ `
a b % WX % Y - ^ cd \ %e f

V WX % Y - ZX % ^ cd \ % _ f

V W\ % Y - Z\ % ^ _ `
a g % + - W\ % Y - ^ cd \ % e f

h W\ % Y - ^ cd \ % _ f

V Wi % Y - ZX % Y - []\ % Y - []j % ^ _ V Wi % Y - ZX % Y - ^

� Then

� 
lk � �� � M � �� � m � ��� �� �G % Y -

�on � � � � � � 
 n � �� � n � � �

� 
 M � �� �k � � M � � m � � � 
 k � �� � M � �� � k � � M � � m � � � 
 m � �� �k � �� � M � �� � k � � M � � m � �

10



Example 2 :K continuous, L discrete
� "Switching" or "Jumping" models :
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Exemple 3 :K continuous, L continuous
�
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Efficient algorithms for Partially Observed Markov Chains
� Bayesian restoration

filtering : � 
lk � � m �� � �
– Kalman Filter (Ait-El-Fquih & Desbouvries, IEEE tr. SP Aug. 2006)

– Particle Filtering (Desbouvries & Pieczynski , NSIP’03)

smoothing : � 
lk � � m ��� �
– Forward Backward, Viterbi (Pieczynski 2000)

– RTS, Two-Filter, Frazer-Potter, Bryson-Frazier ... (Ait-El-Fquih & Desbouvries,

SSP’05, MaxEnt’06)

– Particle filtering (Ait-El-Fquih & Desbouvries , NSSPW’06)

� Parameter Estimation
Gaussian case, EM algorithm (Ait-El-Fquih & Desbouvries, Icassp’06)

� Entropy Computation
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Entropy Computation in Partially Observed Markov Chains
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