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Abstract
This paper presents a novel algorithm for efficient online estimation of the filter
derivatives in general hidden Markov models. The algorithm, which has a linear com-
putational complexity and very limited memory requirements, is furnished with a
number of convergence results, including a central limit theorem with an asymptotic
variance that can be shown to be uniformly bounded in time. Using the proposed filter
derivative estimator, we design a recursive maximum likelihood algorithm updating
the parameters according the gradient of the one-step predictor log-likelihood. The
efficiency of this online parameter estimation scheme is illustrated in a simulation
study.
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1 Introduction

The general state-space hidden Markov models form a powerful statistical modelling
tool which is presently applied across a wide range of scientific and engineering
disciplines; see e.g. Cappé (2001), Cappé et al. (2005) and the references therein for
such examples. In the literature, the term “hidden Markov model” is often restricted
to the case where the state space of the hidden chain is a finite set, and we hence use
the term “state-space model” (SSM) to stress that the state spaces of the models that
we consider are completely general. More specifically, SSMs are bivariate stochastic

B Johan Westerborn Alenlöv
johawes@math.kth.se

Jimmy Olsson
jimmyol@math.kth.se

1 Department of Mathematics, KTH Royal Institute of Technology, 100 44 Stockholm, Sweden

123

http://crossmark.crossref.org/dialog/?doi=10.1007/s10463-018-0698-1&domain=pdf
洋
長方形


	Particle-based online estimation of tangent filters with application to parameter estimation in nonlinear state-space models
	Abstract
	1 Introduction
	1.1 Previous work
	1.2 Our contribution
	1.3 Outline
	2 Preliminaries
	2.1 General state-space models
	2.2 Tangent filters
	2.3 Particle-based smoothing in SSMs
	2.3.1 The bootstrap particle filter

	2.4 Online smoothing of additive functionals
	2.4.1 The PaRIS


	3 Tangent filter estimation: main results
	3.1 PaRIS-based estimation of tangent filters
	3.2 Theoretical results
	3.2.1 Results on convergence
	3.2.2 Results on stochastic stability


	4 Application to recursive maximum likelihood estimation
	4.1 Batch mode implementation
	4.2 Online implementation: PaRISian RML
	4.3 Simulations
	4.3.1 Stochastic volatility model
	4.3.2 Simultaneous localisation and mapping (SLAM)


	5 Conclusion

	A Proofs
	A.1 Proof of Theorem 1
	A.2 Proof of corollary 1
	A.3 Proof of Theorem 2
	A.4 Proof of Theorem 3
	B Kernels
	References






