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Motivation

» The estimation/filtering issue with regard to sensor networks has received much
attention, and many results have been reported for normal systems over sensor
networks. However, studies of handling singular system estimation issues are still
limited, and deserve further investigation.

» The distributed fusion filtering problem has seldom been addressed for multi-

sensor nonlinear singular systems in the presence of measurement outliers, which
motivates our current study.

» For multi-sensor nonlinear normal systems with the dynamic event-triggered
scheme, the distributed filtering and distributed fusion filtering issues have been
tackled. Nevertheless, the distributed fusion filtering problem has not been
completely handled for multi-sensor nonlinear singular systems under the dynamic
event-triggered scheme, which further motivates our investigation.



Method

We consider the fOIIOWing class of multi- Theorem 2 For each sensor subsystem, let
sensor discrete time-varying nonlinear scalars ¢, > 0 (¢, = 0,1,...,13) be given. If the
singular systems: following two difference equations
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Fusion filtering method

In accordance with the local filter Z; r; and
its UB f‘fflf =
concerning the ICI-based FF &
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In addition, the DFF algorithm can be
transformed into the following optimization
problem:
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Method

To facilitate implementation, the
procedure of the DETS-based DFF
(DETSBDFF) algorithm is given in
Algorithm 1.

Algorithm 1 DETSBDFF

Step 1: Let f =0 and initialize the parameters
Step 2 : Compute #; .15 according to Eq. (10)
Step 3 : Compute I'; ;11 7 by Eq. (18)

Step 4 : Derive the filter gain G; 11 by Eq. (21)
Step 5: Compute &; 741|741 based on Eq. (11)
Step 6 : Obtain I'; ;474 via Eq. (19)

Step 7 : Obtain the fusion estimate i'[C] by Eq. (32)

Step 8 : Compute the fusion FEC f}lcfl from Eq. (33)

Step 9: Let f = f + 1 and return to step 2
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Boundedness analysis

Assumption 6 For any sensori (i = 1,2,...,K)
and time f, there exist positive numbers a, b, &, r, 7,
w, i, q, 9, 5. A\ A, 7, and p such that the following
conditions hold:

AfA} <al, BfB’fT < bl, C,f(‘le <cel,
rl < R4 <7, UUT <al, Q; <ql,
P (1) ¢ 5 i
ViV < al, 6 < AN <8, A< A AT, <3,
nE€L &Lzl g ZE
Theorem 4 Consider the time-varying multi-
sensor SSs depicted in Egs. (1) and (2). Under
Assumption 6 and notations (37), if the inequality

condition Y’ < Y holds with the initial condition
T < x1I, then I 1 r+1 < xI holds for any f.
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An illustrative example
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Fig. 2 Actual state and fusion filtering: (a) the first Fig. 3 Log(MSEs) of the fusion filter and three local Fig. 4 Logarithm of UB traces of the fusion filter and
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An illustrative example
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Fig. 5 Log(MSEs) of the fusion filter with or with-
out adaptive saturation condition: (a) the first state
component; (b) the second state component

Fig. 6 Log(MSEs) of the fusion filter in two cases:
(a) the first state component; (b) the second state
component
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An illustrative example
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Fig. 7 Logarithm of UB traces of the fusion filter

in two cases: (a) the first state component; (b) the Fig. 8 Event-triggered time of each node under the
second state component DETS (a) and SETS (b)



Conclusions

» The outlier-resistant distributed fusion filtering issue has been tackled for a class
of multi-sensor nonlinear singular systems with measurement outliers and a
dynamic event-triggered scheme.

»In view of the stochastic analysis method, a local upper bound with respect to the
filtering error covariance has been deduced, and the filter gain has been
computed by minimizing the trace of the obtained upper bound.

» The outlier-resistant fusion filtering approach has been implemented using the
Inverse covariance intersection fusion.
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