
Unsettled Topics 
Concerning Sensors 
for Automated Road 

Vehicles

Sven Beiker, Ph.D.Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/sae-epr2018001-pdf/


CONTRIBUTORS

Erik Anderson, NVIDIA

Avinash Balachandran,  
Toyota Research Institute

Caitin Blancaflor, Luminar

Dave Barry, Multek

Carrie Bobier-Tiu, Toyota Research Institute

Anthony Cooke, Luminar

Louay Elada, Quanergy

Mark Fichtl, Ouster

Dan Galves, Mobileye

Nikhil George, Volkswagen

Anand Gopalan, Velodyne LiDAR

Serge Lambermont, formerly Aptiv

Dirk Langer, Continental Advanced Lidar 
Solutions US, LLC

Erwin Lau, Exponent

Shad Laws, Peloton Technology

Grant Mahler, BMW

Michael Maile, Daimler

Raffi Mardirosian, Ouster

Lane Martin, Luminar

Alexander Mitelman, Exponent

Venkatapathi (Raju) Nallapa,  
Ford Motor Company

Mark Overby, NVIDIA

Gary Pollak, SAE International

Glenn Schuster, NVIDIA

Robert Seidl, Motus Ventures

Greg Stanley, NXP Semiconductors

John Suh, Hyundai Motor Company 

John Tintinalli, SAE International

Matthew Weed, Luminar 

Sven Beiker, Ph.D.
Silicon Valley Mobility

Unsettled Topics 
Concerning Sensors 
for Automated Road 

Vehicles

Warrendale, Pennsylvania, USACurre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/sae-epr2018001-pdf/


Copyright © 2018 SAE International. All rights reserved.

No part of this publication may be reproduced, stored in a retrieval system, distributed, or transmitted, in any form or by any means without the prior 
written permission of SAE International. For permission and licensing requests, contact SAE Permissions, 400 Commonwealth Drive, Warrendale, PA 
15096-0001 USA; e-mail: copyright@sae.org; phone: 724-772-4028; fax: 724-772-9765.

Printed in USA

Information contained in this work has been obtained by SAE International from sources believed to be reliable. However, neither SAE International nor 
its authors guarantee the accuracy or completeness of any information published herein and neither SAE International nor its authors shall be responsible 
for any errors, omissions, or damages arising out of use of this information. This work is published with the understanding that SAE International and its 
authors are supplying information, but are not attempting to render engineering or other professional services. If such services are required, the assistance 
of an appropriate professional should be sought.

ISSN 2380-2170
e-ISSN 2380-2170

To purchase bulk quantities, please contact: SAE Customer Service

E-mail:	 mailto:CustomerService@sae.org 
Phone:	 877-606-7323 (inside USA and Canada) 
	 724-776-4970 (outside USA) 
Fax:	 724-776-0790

Visit the SAE International Bookstore at books.sae.org

About This Publication
SAE EDGE™ Research Reports provide state-of-the-art 
and state-of--industry examinations of the most significant 
topics in mobility engineering. SAE EDGE™ contributors 
are experts from research, academia and industry who have 
come together to explore and define the most critical advance-
ments, challenges and future direction in areas such as vehicle 
automation, unmanned aircraft, IoT and connectivity, cyber-
security, advanced propulsion, and advanced manufacturing.

Related Resources
SAE MOBILUS® Automated & Connected Knowledge Hub
http://sae.org/Mobilus/Automated

SAE Team:
Frank Menchaca, Chief Product Officer
John Tintinalli, Global Product Group Director, 
Ground Vehicles
Strategic Content Editor and Project Manager: Patti Kreh
Product Manager: Jill Leonard
Content Editors: Tim Weisenberger and Gary Pollak
Professional Writer: Harlan McGhan, 24C Analytics

About the Publisher
SAE International® is a global association of more than 
128,000 engineers and related technical experts in the 
aerospace, automotive and commercial-vehicle industries. 
Our core competencies are life-long learning and voluntary 
consensus standards development. Visit sae.org

SAE EDGETM Research Report Disclaimer
SAE EDGETM Research Reports focus on topics that are 
dynamic, in which knowledge is incomplete, and which have 
yet to be standardized. They represent the collective wisdom of 
a group of experts and serve as a practical guide to the reader 
in understanding unsettled subject matter. They are not meant 
to provide a recommended practice or protocol. The experts 
engaged have contributed their own thoughts and points of view 
and these are not the positions of the institutions or businesses 
with which they are affiliated. A professional writer has 
collectivized their input; there is no one contributor’s perspective 
being advanced, but rather that of a community of practitio-
ners. SAE EDGETM Research Reports are the property of SAE 
International and SAE alone is responsible for their content.

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/sae-epr2018001-pdf/


About the Author

Sven Beiker, Ph.D.  is the Founder and Managing Director of Silicon 
Valley Mobility, a mobility consulting and advisory firm that specializes in 
technical diligence, product roadmaps, and business models for mobility 
topics. The engagements span startups, investors, and corporations in the 
mobility and adjacent industries. In addition, Dr. Beiker is a Lecturer at 
the Graduate School of Business at Stanford University where he instructs 
students on strategies for startups and corporations in the field of automated, 
connected, electrified, and shared mobility.

With his well over 20 years of experience gained during his tenure at 
McKinsey & Company, Stanford University, and the BMW Group, Dr. Beiker 
is dedicated to the future of the automobile and personal mobility. His 
mission is to improve sustainability, safety, efficiency, and convenience in 
how consumers use automobiles. He combines perspectives from technology, 
business, policy, and human factors.

Dr. Beiker also serves on advisory boards of several startups in the mobility 
space, as an advisor to the German American Chamber of Commerce in San 
Francisco, and as an advisor / co-editor to the Lecture Notes in Mobility of 
Springer Science+Business Media.

N
an

cy
 R

ot
hs

te
in

 P
ho

to
gr

ap
hy

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/sae-epr2018001-pdf/


	 1

About the Author

Unsettled Topics Concerning Sensors 
for Automated Road Vehicles. .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3

Introduction. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  4
State of the Industry . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  4

Unsettled Domains in Automated Vehicle Sensors. .  .  .  .  .  .  .  8

Sensor Terminology and Taxonomy. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8
Importance and Scope of Vocabulary . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8

Frames of Reference. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9

Types of Vehicle Sensors. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9

Sensor Boundaries Unclear. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9

Fields of Coverage. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 12

Other Terminological Issues . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 13

Need for a General Glossary. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 13

Recommendations. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 13

Testing, Simulation, and Calibration of Sensors. .  .  .  .  .  14
Importance of Testing. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 14

Industry-Wide Alignment of Sensor Testing . .  .  .  .  .  .  .  .  .  .  .  . 15

Benefits from Standardized Testing. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 15

Benefits from Standardized Simulation. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 15

Fidelity in Sensor Simulation. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 16

Other Issues . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 16

Adjacent Initiatives and Further Considerations. .  .  .  .  .  .  .  .  . 17

Need for a Working Committee . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 17

Recommendations. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 17

Integrity, Robustness, and Security of Sensors . .  .  .  .  .  . 18
Importance of Integrity, Robustness, and Security. .  .  .  .  .  .  . 18

Security Aspects for Sensors. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 18

Robustness Regarding Scalability. . . . . . . . . . . . . . . . . . . . . 19

Robustness Regarding Disturbances . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  20

Integrity. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

Adjacent Initiatives and Further Considerations. .  .  .  .  .  .  .  .  22

Need for a New Sensor Standard. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  22

Recommendations. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  22

Outlook of Data Ownership and Privacy. .  .  .  .  .  .  .  .  .  .  .  22
Recommendations. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  23

Summary/Conclusions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  23
Need for Common Practices. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  23

SAE EDGE™ Research Reports . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  24

Next Steps for ADS Sensors . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  24

Recommendations. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  24

Abbreviations/Definitions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  25

Professional References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

Contact Information. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  28

Acknowledgments. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  28

contents

© 2018 SAE International. All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any 
means, electronic, mechanical, photocopying, recording, or otherwise, without the prior written permission of SAE.

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/sae-epr2018001-pdf/


	 3

Unsettled Topics Concerning Sensors 
for Automated Road Vehicles

Abstract
This SAE EDGE™ Research Report identifies key unsettled issues of interest to the 
automotive industry regarding the new generation of sensors designed for vehicles 
capable of automated driving. Four main issues are outlined that merit immediate 
interest: First, specifying a standardized terminology and taxonomy to be used for 
discussing the sensors required by automated vehicles. Second, generating stan-
dardized tests and procedures for verifying, simulating, and calibrating automated 
driving sensors. Third, creating a standardized set of tools and methods to ensure 
the security, robustness, and integrity of data collected by such sensors. The fourth 
issue, regarding the ownership and privacy of data collected by automated vehicle 
sensors, is considered only briefly here since its scope far exceeds the technical issues 
that are the primary focus of the present report. SAE EDGE™ Research Reports are 
preliminary investigations of new technologies. The three technical issues identified 
in this report need to be discussed in greater depth with the aims of, first, clarifying 
the scope of the industry-wide alignment needed, second, prioritizing the issues 
requiring resolution, and, third, creating a plan to generate the necessary frameworks, 
practices, and protocols.

NOTE: SAE EDGE™ Research Reports are intended to identify and illuminate 
key issues in emerging, but still unsettled, technologies of interest to the mobility 
industry. The goal of SAE EDGE™ Research Reports is to stimulate discussion and work 
in the hope of promoting and speeding resolution of identified issues. SAE EDGE™ 
Research Reports are not intended to resolve the issues they identify or close any 
topic to further scrutiny.
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