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Abstract— Changes in appearance is one of the main sources
of failure in visual localization systems in outdoor environments. To address this challenge, we present VIZARD, a
visual localization system for urban outdoor environments.
By combining a local localization algorithm with the use of
multi-session maps, a high localization recall can be achieved
across vastly different appearance conditions. The fusion of the
visual localization constraints with wheel-odometry in a state
estimation framework further guarantees smooth and accurate
pose estimates. In an extensive experimental evaluation on
several hundreds of driving kilometers in challenging urban
outdoor environments, we analyze the recall and accuracy of
our localization system, investigate its key parameters and
boundary conditions, and compare different types of feature
descriptors. Our results show that VIZARD is able to achieve
nearly 100% recall with a localization accuracy below 0.5m
under varying outdoor appearance conditions, including at
night-time.

Fig. 1. We aim at accurately localizing the UP-Drive vehicle depicted in
the upper-left corner in a map of visual features depicted on the right side.
Features are extracted from images of the surround-view camera system
(lower-left corner) and matched against 3D landmarks in the map. Inlier
matches, centered on the estimated 6DoF pose of the vehicle in the map,
are illustrated as dark yellow lines on the right side.

I. I NTRODUCTION
Localization is a pivotal capability of any autonomous
vehicle. By knowing their precise location, vehicles are
able to plan a path to a next goal location, navigate safely
in the environment, and eventually successfully complete
their mission. Especially for autonomous vehicles in urban
environments, localization is challenging, as GNSS based localization systems fail to provide reliable and precise enough
localization near buildings due to multi-path effects, or in
tunnels or parking garages due to a lack of visible satellites.
Alternative exteroceptive sensor modalities are therefore necessary to accomplish this task, of which LiDARs and cameras
have received most attention in recent years [1], [2]. While
LiDARs have become more suited for mass market adoption,
we believe there are still significant advantages with camerabased localization systems, despite the challenges related to
long-term appearance change in outdoor environments. Cameras remain considerably more cost-effective than LiDAR
sensors, allowing them to be deployed in multitudes and in
a flexible way on a large quantity of vehicles. Furthermore,
they can be used for sensing both appearance and geometric
information of the environment, and are often better suited
for global localization and loop-closure detection, which are
necessary capabilities for bootstrapping any local localization
algorithm, and to maintain geometrically consistent maps in
lifelong operation [1].
For these reasons, we have developed a visual localization
system, dubbed VIZARD, for the self-driving cars in the

UP-Drive project1 , with the following main features:
1) We employ map-tracking, a local localization algorithm
able to generate both accurate 6DoF pose estimates and
achieve high localization recall.
2) Multi-session mapping techniques enable us to successfully tackle the challenge of long-term appearance
change in outdoor environments, and even allow for
localizing in night-time conditions.
3) The use of binary descriptors and an efficient sensor
fusion backend renders real-time localization with CPUonly hardware set-ups feasible.
In a thorough evaluation of all crucial aspects of our localization system using two long-term outdoor dataset collections,
one of them publicly available, we carefully analyze the
most important parameters in our pipeline, compare the use
of different binary descriptors, investigate key performance
metrics such as localization accuracy and recall and relate
to a state-of-the-art metric global localization algorithm. We
see the main added value of this paper in sharing with the
community the insights gained in this long-term study.
The contributions of this paper are thus as follows:
‚ We thoroughly study the critical parameters of our
localization system, analyze their boundary conditions,
and share our gained insights.
1 The UP-Drive project is a research endeavor funded by the European
Commission, aiming at advancing research and development towards fully
autonomous cars in urban environment. See www.up-drive.eu.

