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Motivations 
1. Traditional Kalman filter algorithm is optimal for linear 
systems with exact system models, but it needs a fusion 
center to gather all the system information 

2. In large-scale WSNs, a centralized estimator for the 
whole system is both restrictive and infeasible, which 
motivates us to focus on distributed algorithms 
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Problem statement 
Dynamical  model 

Measurement  model 

Measurement  model of an anchor 
node 
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Problem statement 

Consider a homogeneous relative sensing network modeled by an 
undirected graph and suppose that: 
(a) Each node is governed by the dynamical model in Eq. (1); 
(b) Each node has the measurements of the relative states between itself 
and its neighbors, modeled in Eq. (2); 
(c) Each anchor node also has the measurements of its own absolute 
state, modeled in Eq. (3).  
Find a distributed estimation scheme to reduce the overall estimation error 
of the large-scale network.  

Problems: 
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Optimal Kalman estimator 
Centralized optimal estimators 

Full state observability 

Unconnected 
(node 3 cannot receive information 

from anchor node 0) 
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Distributed suboptimal estimators 
Design of estimators 

Convergence analysis 
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 Simulation 
System models 
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 Simulation 

1. Errors in all estimators converge to steady states. 
2. The estimation errors of the suboptimal estimator are larger than those of 
the optimal estimator. 
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 Simulation 

Both centralized and distributed estimates finally catch 
up with the real state.   
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 Simulation 

With time delay, the convergence would be slower but can still be achieved 
with a larger trace of the estimation error  
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Conclusions 
1. The sufficient and necessary condition for observability of 
relative sensing networks is presented with a detailed analysis. 

2. A distributed suboptimal estimator is designed by ignoring 
the correlated edge covariance of the centralized optimal 
estimator. The solutions of n LMIs are prepared as the 
condition for convergence, and the network topology and 
parameters also influence the stability of the estimation error. 

3. Simulations with different topologies are carried out to verify 
the performance of the proposed estimators. 

Front In
form

 Technol E
lectro

n Eng



Future work 
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