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Autonomous Driving: Part 1-Sensing and Perception

he integration of advanced sensing,

signal processing, artificial intelli-

gence, and controls technologies into
vehicles is enabling intelligent automated
vehicles that can navigate autonomously
in various environments. In particular,
autonomous driving and, more general-
ly, automated driving are receiving more
attention, with significantly increasing
resources deployed to enable safe, reli-
able, and efficient automated mobility in
complex, uncontrolled real-world envi-
ronments and for various applications
ranging from automated transportation,
and farming to public safety and environ-
mental exploration. Signal processing is a
critical component of automated driving.
Some of the needed enabling technolo-
gies include affordable sensing platforms
that can acquire useful data under vary-
ing environmental conditions; reliable
simultaneous localization and mapping;
machine learning that can effectively
handle varying real-world conditions
and unforeseen events; “machine learn-
ing- friendly” signal processing to enable
more effective classification and decision
making; hardware and software code-
sign for efficient real-time performance;
resilient and robust platforms that can
withstand adversarial attacks and fail-
ures; and end-to-end system integration
of sensing, signal processing, machine
learning, and controls.

This special issue on autonomous
driving will be presented in two parts:
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Part 1—Sensing and Perception and
Part 2—Learning and Cognition [sched-
uled for publication in the January
2021 issue of IEEE Signal Processing
Magazine (SPM)).

In this issve
The goal of Part 1 is to provide research-
ers and professionals with tutorial-style
articles covering the current state of the
art as well as emerging trends in the
design, development, and deployment
of sensing and percep-
tion technologies for
autonomous and au-

The integration of

on remaining challenges that need to be
addressed to enable further perfor-
mance improvements.

Overview
Part 1 contains seven articles covering
various aspects of sensing and percep-
tion for autonomous driving. The first
two articles deal with problems related
to robust sensing for autonomous driv-
ing, whereas the remaining five articles
are each focused on a particular sens-
ing modality (camera,
lidar, or radar).
Among the robust

tomated driving. Such a_d vanced sens_lng, sensing articles, the
technologies include SIg!I?I_nr9ces§|“g’ first article, “Toward
camera, ultrasound, artificial intelligence, and Robust Sensing for
Global Navigation Sa- controls technologies Autonomous Vehi-
tellite System-, lidar-, into vehicles is enabling cles,” by Modas et al.,
and radar-based plat- intelligent automated addresses the topic of

forms integrating
signal processing
components to process
the acquired data and
extract information to
be used for recognition, navigation, and
situational awareness. Despite recent
advances in such sensing platforms,
the performance of these sensors can
be significantly constrained by their
quality—cost tradeoff, excessive en-
ergy consumption, and inconsis-
tency under varying environmental
conditions. Key concepts and the latest
advances underlying the operation of
such sensing technologies are dis-
cussed in Part 1 of this special issue.
This special issue also sheds light
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vehicles that can navigate
autonomously in various
environments.

adversarial attacks
that take the form of
crafted alterations of
the physical environ-
ment or of the sen-
sory measurements with the objective
of attacking and defeating the auto-
nomous vehicle. The authors provide
an overview of adversarial attacks for
various sensing modalities and discuss
countermeasures and research direc-
tions to build and deploy safer autono-
mous driving systems. The second
article, “Automated Vehicular Safety
Systems,” by Stockle et al., presents
a methodology for jointly design-
ing the functions and sensors of au-
tomated vehicular safety systems,



while accounting for both sensor
measurement errors and customers’
requirements.

Among the sensing modality articles,
Chen et al. provide an overview of the
emerging bio-inspired neuromorphic
vision sensing in “Event-Based Neuro-
morphic Vision for Autonomous Driving,”
including key concepts, underlying signal
processing algorithms, application in auton-
omous driving, and remaining challenges.
In “Lidar for Autonomous Driving,” Li and
Ibanez-Guzman address the topic of auto-
motive lidar. They introduce the main com-
ponents of automotive lidar systems and
present areview of the state of the art as well
as challenges and trends. Rapp et al. present
the working principles of single-photon lidar
in “Advances in Single-Photon Lidar for
Autonomous Vehicles” and discuss recent
advances in signal processing tech-
niques for this modality, applications in
autonomous vehicles, and challenges for
vehicular lidar. Aydogdu et al. address the
topic of automotive radar interference in
“Radar Interference Mitigation for Auto-
mated Driving” and discuss methods to
mitigate such interference with a focus on
frequency-modulated continuous ~ wave
(FMCW) radar. The article also provides
a review of automotive radar and an intro-
duction to the basics of FMCW radar. In
“Joint Radar-Communications Strategies
for Autonomous Vehicles,” Ma et al. pres-
ent a survey of dual-function radar-com-
munications methods within the context
of autonomous vehicles. Main challenges
and potential research directions are also
discussed.
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the lack of models that connect different
communication and sensing mecha-
nisms. Many kinds of sensors may play
a role beyond just radar, cameras, or
lidar. Biosensors could be used to adapt
communication in a wearable commu-
nication network. I hope to see many
contributions to SPM in the future.
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