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Surface models that represent the distribution of elevations at given points in the plane
are important in many areas such as outdoor robotics or the geo-sciences. We introduce
a nonparametric, probabilistic regression framework based on locally-adaptive Gaussian
processes for learning such models from sets of elevation samples. Our approach does
not require a discretization of the space, it can be learned efficiently by making justified
model approximations, and it is fully predictive in the sense that, for every point in the
plane, a predictive distribution of elevation values can be estimated.

We discuss several ways of representing and learning local smoothness in our model,
which allow the user to balance model accuracy and computational efficiency depending
on the application scenario.

We demonstrate the usefulness of our approach in difficult test settings, including a
quadruped robot equipped with a light-weight laser range finder, which observes rocky
terrain, plans a path as well as a sequence of foot placements, and then executes its plan
(see Figure).
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Figure 1: Our goal is to recover the true elevation function (left) from a set of elevation
samples (middle). As an application example, we discuss a quadruped robot walking
over rocky terrain (right).


