
Robust Particle Filter by Dynamic Averaging of 

Multiple Noise Models 

Bin Liu 
Nanjing University of Posts and Telecommunications  

Email: bins@ ieee.org 

 

ICASSP 2017, New Orleans, USA 

March 5-9, 2017 
 1  



Bin Liu, ICASSP 2017 

 

 2  

 A Basic Framework of Particle Filter (PF) 

 

 The Proposed Robust Particle Filter (RPF) Algorithm 

 

 Simulation Results 

 

 Conclusions 

 

Outline 



Bin Liu, ICASSP 2017 

Problem 

 3  

We are interested in                       , where  

 1k k k
x f x u


 

 k k k
y h x n 

 1
|

k k
p x x



 |
k k

p y x

 0:
|

k k
p x y  0: 0

=
k

k i i
y y



State transition prior  

Likelihood 

 0:
|

k k
p x yHow to estimate                      online, in presence of measurement outliers ?  



Bin Liu, ICASSP 2017 

Bayes Filter 
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The basic idea uderlying PF  
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A Basic Framework of PF 
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PFs under model uncertainty 
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 if there is uncertainty on    , how to modify the PF to adapt it? [1]  

 if there is uncertainty on    , how to modify the PF to adapt it? [2]  

 if there is uncertainty in the measurement noise model, how  

    to modify the PF to adapt it? 
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Robustify PF by Employing Multiple Noise Models 
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 Model the measurement noise      by       candidate models together      
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Model Averaging Strategy to Handle Multiple Models 

  Bayesian Model Averaging to compute  
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Perform PF under each model hypothesis 

 11  

Sample        from                             ; calculate its weight by   
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Update the posterior prob. of each candidate model 
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Given  

cumbersome, 

intractable integral 

Solution: approximate it by: 
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The Proposed RPFAlgorithm 
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  Model averaging step. Compute            using Eqns.(9)-(12) 
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Simulation Setting 
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Algorithm Performance Comparison for case I 
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Algorithm Performance Comparison for case II 
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Parameter Sensitivity 
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Simulation results 
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Averaged posterior probability of candidate models outputted by the proposed RPF 

method. The left and right sub-figures correspond to Case I and II, respectively.  
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Conclusions 

A multi-model based PF method, which is shown to be robust 

against the presence of outliers in the measurements. 

 

  The usage of a mixture of heavier tailed Student’s t distributions 

and a Gaussian distribution shows promises in modeling the 

measurement noise in the context of robust state filtering.  

 

Simple, while highly efficient ! 

 

Future work: 1) consider uncertainties in    ,    , and  the model of                 

all together; possible usages of other types of mixing components; 

3) real-life problems   
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Thanks for your attention! 

 Q & A  
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