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Place recognition survey: An update on deep learning approaches

Abstract—Autonomous Vehicles (AY) are becoming more ca
pable of mavigating in complex environments with dyna
and changing conditions. A key component that enables thes
intelligent vehicles to overcome such conditions and bec
more autonomous is the sophistication of the perception an
localization systems. As part of the localization system, pla
recognition has benefited from recent developments in other pe

ion tasks such as place categorization or object recognition
namely with the emergence of deep learning (DL) framewor]
This paper surveys recent approaches and methods used
place recognition, particularly those based on deep learning. The
ontributions of this work are twofold: surveying recent sensors
such as 3D LiDARs and RADARs, applied in place recognition
and categorizing the various DL-based place recognition works
into supervised, unsupervised, semi-supervised, parallel, and
hierarchical categories. First, this survey introduces key place
recognition concepts to contextualize the reader. Then, sensor
haracteristics are addressed. This survey proceeds by elaborat
ing on the various DL-based works, presenting summaries for
cach framework. Some lessons learned from this survey incude
the importance of NetVLAD for supervised end-to-end learning
the advantages of unsupervised approaches in place recognition
namely for cross-domain applications; or the increasing tendency]
of rmnl \mrks to seek, not only for higher performance but alsa

ﬂl’-dm‘mg vehicles are increasingly able to deal with
unstructured and dynamic environments, which is mainly dud
1o the development of more robust long-term localization and
perception systems. A critical aspect of long-term localizatiol
is to guarantee coherent mapping and bounded error ove
time, which is achieved by finding loops in revisited areas
Revisited places are detected in long-term localization systemy
by resorting to approaches such as place recognition and
loop closure. Namely, place recognition is a perception based
approach that recognizes previously visited places based or

ace recognition has been the Tocus of much research ovel
the last decade. The efforts of the intelligent vehicle ai
machine vision communities, including those devoted to plac
recognition, resulted in great achievements, namely evolvin,
towards systems that achieve promising performances in ap
pearance changing and extreme viewpoint variation conditions
D.\pllc the recent achievements, the fundamental challenges
solved, which occur when:

two distinct places look similar (also known as pcn:up(ual
aliasing):

The authors are with the University of Commbra, Insttute of Systems
and Robotics, Department of Electrical and Computer Engineering, Portud
gal. E-maﬂl:{:iagobarras, ricardo.pereira, garrote,

coremebhida urbancl@isr uc. ot

Sensor Data

i g 1. Em:ﬂu. place recognition pipeline with the following modules: place
madeling, beliefl generation and place mapping. Place modeling creates an
internal place representation. Place mapping is concerned with maintaining
a coherent representation of places over time. And Belief generation, finally
generates, based on the current place model and the map. loop candidates.

ﬁu&linn of the seasonal environment changes. Images taken from
the Oxford Robotcar El and_MNondland dataset E’

— the same places exhibit significant appearance changes
over time duc o day-mghl vunaunn wc.nhcr seasonall

— same places are pcrcmvcd from d1ffcr:,nl viewpoints 011
iions

olving these challenges is essential to enable robust placd
cogpition and consequently long-term localization.
¢ primary motivation for writing this survey paper is tq

rovide an updated review of the recent place recognition
approaches and methods since the publication of previous

urveys . . The, gu..l.l is, in punlf.ulur to focus on the

wry et al. [j] prcacmcd a mmprehcmwv: overview o
he existing visual place recognition methods up to 2016. The
work summarizes and discusses several fundamentals to deall
with appearance changing environments and viewpoint varia-
ions. However, the rapid developments in deep learning (DL
and new sensor modalities (e.g., 3D LiDARs and RADARs
are setting unprecedented performances, shifting the placg
recognition state of the arn from traditional (handcrafied-only
extraction towards data-driven methods.
A key advantage of these data-driven approaches is the end
to-end training, which enables to learn a task directly from
sens: a withol iri i W ead




