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Abstract

In this paper, we present a novel adaptive multi-scale system for performing visual place
recognition. Unlike recent previous multi-scale place recognition systems that use manually
pre-fixed scales, we present a system that adaptively selects the spatial scales. This
approach differs from previous multi-scale methods, where place recognition is performed
through a non-optimized distance metric in a fixed and pre-determined scale space. Instead,
we learn an optimized distance metric which creates a new recognition space for clustering
images with similar features while separating those with different features. Consequently,
the method exploits the natural spatial scales present in the operating environment. With
these adaptive scales, a hierarchical recognition mechanism with multiple parallel channels
is then proposed. Each channel performs place recognition from a coarse match to a fine
match. We present specific techniques for training each channel to recognize places at
varying spatial scales and for combining the place recognition hypotheses from these
parallel channels. We also conduct a systematic series of experiments and parameter
studies that determine the effect on performance of using different numbers of combined
recognition channels. The results demonstrate that the adaptive multi-scale approach
outperforms the previous fixed multi-scale approach and is capable of producing better
than state of the art performance compared to existing robotic navigation algorithms. The
system complexity is linear in the number of places in the reference static map and can
realize the online place recognition in mobile robotics on typical dataset sizes. We analyze
the results and provide theoretical analysis of the performance improvements. Finally, we
discuss interesting insights gained with respect to future work in robotics and neuroscience
in this area.

Keywords

Visual place recognition, SLAM, adaptive multiple scales, metric learning, biologically-
inspired, grid cells

1. Introduction

Visual place recognition techniques operating at one fixed spatial scale, or over two, achieve
impressive performance in robotic mapping and localization tasks [1-3]. Recent high profile
discoveries in neuroscience have demonstrated that animals such as rodents, and likely
many other mammals including humans, can navigate the world using multiple parallel
maps, each of which encodes the world at varying spatial scales [4]. Unlike hybrid metric-
topological multi-scale robot mapping systems, rodent maps are homogenous,
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