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Distributed Nonlinear Estimation Under Event-Triggered Communication
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Abstract: In the distributed estimation framework based on wireless sensor networks, the conventional periodic time-
triggered mechanism suffers from inherent drawbacks such as high communication frequency and massive redundant data
exchange, which easily leads to excessive consumption of network communication resources and further degrades the per-
formance of distributed estimation. To address this issue, this paper proposes a stochastic event-triggered communication
mechanism and investigates the event-triggered distributed nonlinear estimation method for wireless sensor networks. This
paper focuses on the event-triggered distributed nonlinear filtering over wireless sensor networks by introducing a stochastic
event-triggered communication scheme. Given the pronounced nonlinear characteristics of the system’s observation model,
traditional linear estimation methods fail to match the state evolution rules of nonlinear systems and cannot guarantee satis-
factory estimation performance. Thus, within the framework of unscented kalman filtering (UKF), this paper adopts the un-
scented transformation to accurately approximate the nonlinear state propagation process, and develops a UKF-based local
estimator tailored for nonlinear observation models to effectively improve local estimation performance. To reduce exces-
sive estimation interactions caused by continuous and frequent information interaction among neighboring nodes, a local es-
timation-based stochastic event-triggered communication strategy is constructed according to the characteristics of local
state estimation errors. Meanwhile, a recursive event-triggered local estimator is designed based on Bayesian estimation the-
ory. By further employing the covariance intersection fusion technique, event-triggered local estimates are fused in real time

to derive an event-triggered distributed estimator, which guarantees the consistency of distributed estimation under incom-
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plete information exchange among neighboring nodes. Furthermore, the convergence of the proposed event-triggered distrib-

uted estimator is analyzed under the global observability of the network, and a sufficient condition is established to ensure

the boundedness of the distributed covariance. Finally, simulation experiments are conducted using a typical maneuvering

target tracking scenario to verify that the proposed algorithm can significantly reduce the network communication load

while ensuring estimation accuracy.
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1% 22 (Root Mean Square Error, RMSE) 5 -2 34 5 /R %
%(Average Root Mean Square Error, ARMSE ) /E M A& B
TEM 8 b5 , DL AR XS Fe Sl v PR R . RS BE 1A 48
FRiy g LN
RMSE} = \/(p = p ) +(p,=Pik)?
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Figure 1 ~ Trajectory tracking of all nodes
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Figure 4 Comparison of estimation errors under stochastic event-

triggered schemes and stochastic communication (1=0.2)
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Figure 5 Comparison of estimation errors under stochastic event-

triggered schemes and stochastic communication (1=0.66)
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deterministic event-triggered schemes (1 =0.66)
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