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Abstract: The year 2010 marks fifty years since the seminal March 1960 paper of Rudy Kalman. It is then fitting that we revisit Kalman filter in the setting of loosely coupled distributed agents (systems or sensors) that exchange data locally according to a random protocol (e.g., gossip,) and when the underlying sparse communications network is subject to intermittent random failures. We describe several classes of Kalman type distributed estimators, including the Gossip Interactive Kalman Filter (GIKF). We establish a distributed detectability condition under which these distributed estimators are asymptotically equivalent to the optimal centralized filter. For the GIKF, the associated Riccati equation is random, which we model as a random dynamical system (RDS). The sample paths of the Riccati RDS converge in distribution to an invariant measure on the cone of positive definite matrices – this is the random equivalent of Kalman’s result that, under appropriate conditions, the Riccati equation converges to a fixed point. Finally, we obtain a large deviation result that characterizes the optimal decay rate of the probability of rare events, i.e., events where the paths of the random Riccati equation are bounded away from the fixed point of the non random Riccati equation. 

