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Abstract

Environmental knowledge of an autonomous vehicle is limited by its
physical range of sensors and algorithmic performance, as well as by occlu-
sions that degrade its understanding of the current traffic situation. Not
only does it pose a significant safety hazard and limit driving speeds, it can
also lead to awkward maneuvering. Smart infrastructure solutions can help
to solve these problems. A smart infrastructure will fill the void between
vehicle perceptions and extend its range in the shape of a digital model of
the present traffic situation (the digital twin), by offering more accurate in-
formation on its environment.

This paper describes how a new synthetic dataset was created using
Carla Simulator. This is based on the Unreal Engine and had to be modified
to make this possible. This artificial dataset has made it possible to train an
existing neural network called YOLOv5. This shows that the completeness
as well as the functionality of the dataset is given. The dataset covers many
possible applications.

The important features for further work are the annotation of the vehi-
cles and the existence of a dynamic vision sensor event stream. The YOLOvH
network was modified to use the DVS event stream as input to detect ve-
hicles and determine their position. Subsequently, the working network was
modified and tested several times. Successfully, various activation functions
were replaced with the leaky-integrate-and-fire neuron. Finally, the network
was optimized in terms of runtime and memory consumption by means of
pruning and quantization.



Zusammenfassung

Das Umgebungswissen eines autonomen Fahrzeugs ist durch die Reichweite
seiner Sensoren und die Leistung seiner Algorithmen sowie durch Verdeckun-
gen begrenzt, die sein Verstdndnis der aktuellen Verkehrssituation beein-
trachtigen. Dies stellt nicht nur ein erhebliches Sicherheitsrisiko dar und be-
grenzt die Fahrgeschwindigkeit, sondern kann auch zu ungiinstigen Manovern
fithren. Intelligente Infrastrukturlésungen kénnen dazu beitragen, diese Pro-
bleme zu 16sen. Eine intelligente Infrastruktur fiillt die Liicke zwischen den
Wahrnehmungen des Fahrzeugs und erweitert seine Reichweite in Form eines
digitalen Modells der aktuellen Verkehrssituation (des digitalen Zwillings),
indem sie genauere Informationen iiber seine Umgebung bietet.

In dieser Arbeit wird beschrieben, wie ein neues synthetisches Daten-
satz mithilfe von Carla Simulator erstellt wurde. Dieser baut auf der Unreal
Engine auf und musste um dies zu ermoglichen modifiziert werden. Dieser
kiinstliche Datensatz hat es ermoglicht ein bereits existierendes neuronales
Netz namens YOLOvV5 zu trainieren. Dies zeige, dass die Vollstiandigkeit so-
wie die Funktionalitit des Datensatzes gegeben ist.

Der Datensatz deckt viele Anwendungsmoglichkeiten ab. Die fiir die fort-
setzende Arbeit wichtigen Eingenschaften sind die Annotierung der Fahrzeu-
ge sowie das Existieren von einem Dynamic Vision Sensor event stream. Das
YOLOv)S Netzwerk wurde so verdndert, dass es den DVS event stream als
Eingabe verwenden kann um Fahrzeuge zu erkennen und ihre Position zu
bestimmen. Daraufthin wurde das funktionierende Netzwerk mehrfach modi-
fiziert und getestet. Erfolgreich wurden verschiedene Aktivierungsfunktionen
mit dem Leaky-integrate-and-fire Neuron ersetzt. Auch wurde das Netzwerk
zum Schluss mittels pruning und quantizierung in Richtung Laufzeit und
Speicherverbrauch optimiert.
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Al Arti cial Intelligence
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Chapter 1

Introduction

This chapter introduces the topics of vehicle detection using a dynamic vision
sensor. The research is motivated by the problem that Vehicle detection with
frame based cameras can be improved by using a DVS. And therefor saving
resources. The research proposes a new type of vehicle detection based on
DVS and YOLO.

1.1 Problem

The available sensor ranges and object detection capabilities restrict an au-
tonomous vehicle's and the ensuing scene's ambient perception. Even in the
vehicle's immediate proximity, the existence of occlusions results in inade-
guate information about the vehicle's surroundings. The ensuing uncertain-
ties endanger not just the autonomous car, but also other road users. It must
lower its driving speed in order to drive safely, which slows down tra c. As

a result of the car reacting spontaneously to unanticipated circumstances,
driving comfort su ers. The Intelligent infrastructure systems (1IS) can help

to alleviate these issues by giving extra information about each road user
and the overall tra ¢ condition to autonomous cars as well as conventional
vehicles and drivers. For instance, an IS may monitor and recognize road
users from various higher-level views, therefore increasing its coverage be-
yond that of a single vehicle. When a car receives this new information, it
can better comprehend its surroundings and plan safer and more convenient
driving moves. Furthermore, an IIS with the aforementioned characteristics
provides a range of services that aid in decision-making. However, devel-
oping such a system involves a number of problems, such as selecting the
right hardware and sensors, as well as optimizing their deployment and uti-
lization in a complicated software stack. The system's perception must be
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