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State Estimation in Robotics

HE: We first consider the range-based localization, hoping that as the number of sensors increases,
the estimate converges to the true position with the minimum variance. We show that under some
conditions on the sensor deployment and measurement noises, the LS estimator is strongly consistent
and asymptotically normal. However, the LS problem is nonsmooth and nonconvex, and therefore
hard to solve. We then devise realizable estimators that possess the same asymptotic properties as the
LS one. These estimators are based on a two-step estimation architecture, which says that any
squreroot m-consistent estimate followed by a one-step Gauss-Newton iteration can yield a solution
that possesses the same asymptotic property as the LS one. We then investigate planar pose
estimation using only range measurements and study the estimators statistical efficiency. We prove the
excellent property of a two-step scheme, which says that we can refine a consistent estimator to be
asymptotically efficient by one step of Gauss-Newton iteration. Grounded on this result, we design the
GN-ULS estimator and evaluate it through simulations and collected datasets.
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