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Motivation 
Outliers are common in underwater applications because of the 
changing marine environment, sound velocity variation, and severe 
maneuver of vehicles. 

Ranging error samples 
including outliers 
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Motivation (Cont’d) 
1. The outliers occurring in different state and measurement 
dimensions may possess different statistical properties in practical 
applications. 

2. The newly emerging statistical similarity measure based 
Kalman filtering (SSMKF) is incapable of addressing multiple 
outliers because it was designed based on an assumption that the 
outliers occurring in different state and measurement dimensions 
have the same statistical properties. 

3. The existing M-estimator can to some extent reduce the effects 
of multiple outliers, but the randomness inherent in the state 
vector is neglected, which limits its estimation accuracy. 
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Main idea 

1. Proposing a new multiple statistical similarity measure (MSSM) 
to evaluate the similarity between two random vectors from 
dimension to dimension. 

2. Maximizing an MSSM-based cost function by the fixed-iteration 
method to develop a multiple-outlier-robust estimator. 

3. Convergence is guaranteed under mild conditions. The similarity 
function selection is also presented. 
  
 

Front In
form

 Technol E
lectro

n Eng



Method 
1. To evaluate the similarity between two random vectors 
from dimension to dimension, we define a novel MSSM as 

where f(·) represents the similarity function satisfying: 
 f(·) is continuous and differentiable on [0,+∞); 
          0 on [0,+∞); 
             on [0,+∞). 

 
 

Front In
form

 Technol E
lectro

n Eng



Method (Cont’d) 
2. Construct an MSSM-based cost function. The aim is to look 
for an optimal posterior probability density function (PDF): 
 

Compared with the existing 
M-estimators, the proposed 
method considers the 
randomness of the state. 

 The explicit form of the posterior PDF is unavailable 
 The integrals above cannot be solved analytically 
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Method (Cont’d) 
3. Two essential approximations are made to address the 
optimization problem above:  

 Approximate the posterior PDF as Gaussian: 

 

 Substitute the original cost function by its lower bound: 
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Theoretical result 
4. Modified Kalman-like update: 

 

 

 

with the auxiliary matrices calculated by 
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Simulation study 
Noise settings: 

Case 1: 

First stage (1–500 s) Second stage (501–1000 s) 
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Simulation study (Cont’d) 

Fig. 1  RMSEs of position from all filters in 
case 1  

Fig. 2  RMSEs of velocity from all filters in 
case 1  

Comparisons of root mean square 
errors (RMSEs) and average 
RMSEs (ARMSE) 
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Simulation study (Cont’d) 

In the second stage, only the second and fourth dimensions of        and the 
second dimension of        are reduced to accommodate the suddenly 
increased outliers, which benefits the performance of the proposed method. 
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Simulation study (Cont’d) 
Noise settings: 

Case 2: 

First stage (1–500 s) Second stage (501–1000 s) 
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Simulation study (Cont’d) 

Fig. 5  RMSEs of position from all filters in 
case 2 

Fig. 6  RMSEs of velocity from all filters in 
case 2  

Comparisons of root mean square 
errors (RMSEs) and average 
RMSEs (ARMSE) 
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Conclusions 

1. To evaluate the similarity between two random vectors from 
dimension to dimension, a new MSSM was first introduced. 

2. The MORKF was derived by maximizing an MSSM-based 
cost function. 

3. Simulation results demonstrated that the developed MORKF 
outperforms the existing cutting-edge robust KFs in linear 
systems with multiple outliers. 
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