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Abstract

Autonomous driving is developing from an insurmountable aspiration into a more
realistic vehicle’s feature radically transforming the transportation system. The self-
localization system implementation with a stable and accurate performance is a funda-
mental and substantial challenge for accomplishing this objective. This doctoral thesis
focuses on the conceptual design and implementation of new radar-based solutions for
self-localization in GNSS-restricted areas utilizing a priori environment model regis-
tration techniques and particle filtering as a sequential Monte-Carlo (SMC) method.
The first proposed algorithm is initialized with dead reckoning and aided with radar
measurements and an OpenStreetMap data— composed of lines — as the a priori envi-
ronment model. The registration problem is formulated to interpret and process the a
priori model using mathematically described native lines for preventing its discretiza-
tion which accelerates the registration procedure. Two new radar-relevant weighting
procedures enhance the algorithm functionality in terms of the plausible robustness
by taking the measurement density into account to identify noisy data.

As the preeminent contribution of this work, the registration execution is transferred
from the radar measurement in Cartesian coordinates to the range-Doppler domain
offering significant advantages. This domain transformation leads to the reduction of
required data processing and transformations between measurement domains. More-
over, it excludes the angle estimation as a potential supplementary uncertainty source
from the registration problem. Beside the observation dimension reduction, this
methodology facilitates the application of single transmit /receive antenna for the self-
localization application.

The absolute self-localization using SMC method is extended with new subsystems to
optimize the algorithm’s robustness and reliability. After performing a sample cluster-
ing, the first technique processes the main clusters as independent filters and monitors
the filter convergence by entropy information and effective sample size. The second
methodology tracks the main clusters by their Gaussian parameters to recover the
filter in case of divergence by performing a systematic particle injection. The appli-
cability of the proposed algorithms is evaluated comparatively by using experimental

data.






Kurzfassung

Das atemberaubende Tempo des technologischen Fortschritts scheint die Verwirkli-
chung von autonom fahrenden Fahrzeugen in greifbare Néhe zu riicken. Die Implemen-
tierung eines optimal funktionierenden Selbstlokalisierungssystems stellt die Grund-
voraussetzung fiir die Entwicklung eines solchen Systems dar. Der Fokus dieses Buches
liegt auf der Konzeptionierung und Implementierung neuer Radar-basierter Selbstlo-
kalisierungssysteme mittels Registrierungsverfahren sowie Sequentieller Monte-Carlo
(SMC) Methode. Die Radarbeobachtungen und OpenStreetMap als a-priori Umge-
bungsmodell werden in den entwickelten Registrierungsalgorithmus eingespeist. Die
Hauptidee dieser Methodik besteht in der Formulierung des Verfahrens mittels ma-
thematisch definierter nativer Linien ohne diese zu diskretisieren. Dies fithrt zur Be-
schleunigung und Genauigkeitserhohung des Registrierungsprozesses. Dariiber hinaus
werden zwei auf Beobachtungsdichte basierende neue Gewichtungsverfahren imple-
mentiert, welche die Prozessrobustheit optimieren.

Als herausragenden Beitrag dieser Arbeit wird ein Konzept zur Ubertragung der Re-
gistrierung zu einer den Rohdaten néherliegenden Sensordatenebene entwickelt. Durch
die sogenannte Range-Doppler-Registrierung reduzieren sich die Datenverarbeitungs-
prozesse und die Anzahl der Transformationen zwischen den Beobachtungsdoménen.
Dariiber hinaus schlieit diese Methodik die Winkelschétzung von der Registrierungs-
formulierung aus, welche zur Dimensionsreduktion des Problems und Verringerung
der potenziellen Unsicherheiten fiihrt. Weiterhin wird der Einsatz einer einzelnen
Sende-/Empfangsantenne fiir die Selbstlokalisierung ermoglicht. Des Weiteren wird
die globale Selbstlokalisierung mittels SMC durch neue Teilsysteme erweitert um ihre
Robustheit zu erhdhen. Die erste Technik verarbeitet nach dem Clustering parallel
die Hauptcluster iiber die SMC-Methode als unabhéngige Filter. Die Filterkonvergenz
wird durch die Entropie und effektive Stichprobengrofie als Uberwachungsparameter
verifiziert. Die zweite Methodik verfolgt die Hauptcluster mittels ihrer Gaufischen Pa-
rameter und fithrt eine systematische Partikeleinspeisung im Falle einer Divergenz
durch. Um die Umsetzbarkeit und Validitat der entwickelten Algorithmen nachzuwei-

sen, werden ausfiihrliche Versuchsreihen durchgefiihrt.
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Radar-based Self-localization
for Autonomous Vehicles

Autonomous driving is developing from an insurmountable aspiration into a more realistic
vehicle's feature radically transforming the transportation system. Implementing a
self-localization system with a stable and accurate performance is a fundamental and
substantial challenge for accomplishing this objective. Global navigation satellite systems
are frequently implemented to register the absolute position and orientation of the vehicle.
However, in the absence of satellite signals, an alternative is required to ensure the
continuous and unimpaired functionality of the self-localization system. A widely applied
method with a straightforward implementation is dead reckoning as a self-localization
technique based on mechanical motion sensors. A major disadvantage of such a system
is the self-localization inaccuracy due to the sensors' systematic and non-systematic
errors propagating over time. Access to an environment map allows the application of
registration techniques using the perception of the vehicle environment and its dynamic
changes through appropriate sensing systems. In this book, the realization of the map
registration algorithms is performed with radar sensors, as they perceive the environment
regardless of weather and light conditions.

This book focuses on the conceptual design and implementation of new radar-based
solutions for self-localization in GNSS-restricted areas utilizing registration of environment
models and sequential Monte-Carlo method. A map registration algorithm is proposed
utilizing radar observations and mathematically defined native lines of OpenStreetMap
initialized with dead reckoning. Moreover, a particle filtering approach is implemented to
realize absolute self-localization with divergence avoidance strategies. As the preeminent
contribution of this book, the map registration of radar measurements is transferred from
Cartesian coordinates to Range-Doppler coordinates offering significant advantages.

C o

Ahmad Pishehvari has finished his academic master's degree in
electrical engineering with a focus on control technology and
automation engineering in 2016 at the Bergische Universitat
Wuppertal (BUW). He completed his Ph.D. in the field of autonomous
driving with an emphasis on radar-based self-localization algorithms
in 2020 at BUW in collaboration with APTIV Services Deutschland
GmbH. During his doctoral studies, he published four scientific
papers, one journal paper and seven patents in the field of
radar-based self-localization.

0-78

SHAKER

ISBN 978-3-844 74-9
9 ‘ 783844 078749 H






