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Abstract

In this paper, we consider the problem of using a robot to explore an environment with an unknown,
state-dependent disturbance function while avoiding some forbidden areas. The goal of the robot is
to safely collect observations of the disturbance and construct an accurate estimate of the underly-
ing disturbance function. We use Gaussian Process (GP) to get an estimate of the disturbance from
data with a high-confidence bound on the regression error. Furthermore, we use neural Contrac-
tion Metrics to derive a tracking controller and the corresponding high-confidence uncertainty tube
around the nominal trajectory planned for the robot, based on the estimate of the disturbance. From
the robustness of the Contraction Metric, error bound can be pre-computed and used by the motion
planner such that the actual trajectory is guaranteed to be safe. As the robot collects more and more
observations along its trajectory, the estimate of the disturbance becomes more and more accurate,
which in turn improves the performance of the tracking controller and enlarges the free space that
the robot can safely explore. We evaluate the proposed method using a carefully designed environ-
ment with a ground vehicle. Results show that with the proposed method the robot can thoroughly
explore the environment safely and quickly.
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1. Introduction

In the past few years, there has been an increasing interest in combining learning-based system
identification and control theoretic techniques to accomplish complex tasks and control objec-
tives (Deisenroth and Rasmussen, 2011; Dean et al., 2019; Sarkar et al., 2019; Coulson et al., 2019;
Chen et al., 2018; Liu et al., 2020; Fan et al., 2020b; Chowdhary et al., 2014; Jagtap et al., 2020;
Levine et al., 2016; Pan et al., 2018; Kahn et al., 2020; Thananjeyan et al., 2020; Srinivasan et al.,
2020; Wabersich and Zeilinger, 2020a,b). Such a combination has shown to be able to reconcile
the advantages of (deep) learned models which better represent data but are hard to be analyzed,
and control techniques that are proven to work robustly but only on well-modeled control systems.
Following this line of work, we study the problem of motion planning for robots to better learn the
model uncertainties, while maintaining safety during the exploration process.
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