
Unsettled Issues on 
Sensor Calibration for 

Automotive Aftermarket 
Advanced Driver-

Assistance Systems

John Waraniak

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/sae-epr2021008-pdf/


Unsettled Issues on 
Sensor Calibration for 

Automotive Aftermarket 
Advanced Driver-

Assistance Systems

John Waraniak
Have Blue, Hackrod Studio MFG

EDGE DEVELOPMENT TEAM

Greg Potter, Equipment and Tool Institute

Brian Daugherty, Motor and Equipment 
Manufacturers Association

Douglas Brooks, PhD, Southwest Research 
Institute

Chuck Olsen, AirPro Diagnostics

Bram Paris, Belron International

Kaleb Silver, Hunter Engineering Co.

Aaron Schulenburg, Society of Collision Repair 
Specialists

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-epr2021008-pdf/


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 lifelong learning and voluntary 
consensus standards development. Visit sae.org

SAE EDGE™ Research Report Disclaimer
SAE EDGE™ 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 have assembled as a commu-
nity of practitioners to contribute and collectivize their 
thoughts and points of view. These are not the positions 
of the institutions or businesses with which they are affili-
ated, nor is one contributor’s perspective advanced over 
others. SAE EDGE™ Research Reports are the property 
of SAE International and SAE alone is responsible for 
their content.

About this Publication
SAE EDGE™ Research Reports provide state-of-the-art and 
state-of-the-industry examinations of the most significant topics 
in mobility engineering. Contributors to SAE EDGE™ Research 
Reports are experts from academia, government, industry, and 
research who have come together to explore and define the most 
critical advancements, challenges, and future direction in areas 
such as vehicle automation, unmanned aircraft, cybersecurity, 
advanced propulsion, advanced manufacturing, Internet of 
Things, connectivity, and quantum technology.

Related Resources
SAE MOBILUS® Automated & Connected Knowledge Hub
https://saemobilus.sae.org/automated-connected/

SAE Team
Frank Menchaca, Chief Growth Officer
Michael Thompson, Director of Standards, Information, 

and Research Publications
Monica Nogueira, Director of Content Acquisition 

and Development
Beth Ellen Dibeler, Product Manager
William Kucinski, Managing Technical Editor

Copyright © 2021 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: +1-724-772-4028; fax: +1-724-772-9765.

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.

EPR2021008
ISSN 2640-3536
e-ISSN 2640-3544
ISBN 978-1-4686-0325-5

To purchase bulk quantities, please contact: SAE Customer Service

E-mail:	 CustomerService@sae.org
Phone:	 877-606-7323 (inside USA and Canada)
	 +1-724-776-4970 (outside USA)
Fax:	 +1-724-776-0790

https://www.sae.org/publications/edge-research-reports

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://sae.org
https://saemobilus.sae.org/automated-connected/
copyright@sae.org
CustomerService@sae.org
https://www.sae.org/publications/edge-research-reports
https://www.stdhive.com/standards/sae-epr2021008-pdf/


About the Editor

John Waraniak has been in the aerospace, automotive, racing, and performance 
industries for over 25 years with wide-ranging systems engineering experience, 
innovative technology insights, and frontline lessons for competing and winning 
in today’s Automotive 5.0 transformation. John was elected as an SAE Fellow in 
October 2019 for his significant technical achievements and mobility industry 
contributions in both automotive and aerospace.

John is currently CEO and co-founder of Have Blue, a proof-of-concept and 
technology demonstrator company and Executive Producer at the digital indus-
trial firm Hackrod Studio MFG. He most recently served as Vice President of 
Vehicle Technology for the Specialty Equipment Market Association (SEMA) from 
May 2006 to January 2021. During his 15-year tenure, Waraniak was responsible 
for helping performance aftermarket companies integrate their products with 
the latest technologies and capitalize on new business and product-development 
opportunities. In addition, he developed the customize-with-confidence™ strategy 
by connecting aftermarket manufacturers with engineering resources, capabilities, 
and tools to manage disruptive vehicle technologies and ensure compliance with 
the latest industry standards and manufacturer best practices.

He is an acknowledged progressive strategist, technology program leader, and 
advocate for automaker-aftermarket-technology innovation and collaboration for 

advancing safety performance; electrification; connected, assisted, and automated driving; new mobility solutions; generative 
design; and vehicle systems engineering management.

He has held executive management positions at General Motors, Hughes Aircraft, Northrop, and No Fear. He is Chairman 
and Founding Member of the SAE Connect2Car Executive Leadership Committee, Board Advisor for the Indy Autonomous 
Challenge, King of the Hammers Electric Vehicle Challenge, and member of the Carroll A. Campbell Jr. Graduate Engineering 
Center External Advisory Board at Clemson University.

Waraniak was an original Member of Senior Ice, Tacit Blue, and Have Blue Classified Operations and Programs to design 
and develop the Northrop B2 Advanced Technology Stealth Bomber from 1980 to 1986. Born and raised in the Motor City of 
Detroit, John is an avid auto industry and motocross enthusiast. He is a graduate of the University of Michigan, the University 
of Illinois, and California Institute of Technology’s Executive Engineering Management Program.

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/sae-epr2021008-pdf/


About the Editor

Unsettled Issues on Sensor Calibration 
for Automotive Aftermarket Advanced 
Driver-Assistance Systems . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3

Introduction. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  4
The State of ADAS Technology. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  4
Aftermarket Implications . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6
Unsettled Issues Concerning Sensor 
Calibration for Automotive Aftermarket ADAS. .  .  .  .  6

Proliferation of ADAS Naming. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7
Confusion in the Automotive Industry. .  .  .  .  .  .  .  .  .  .  .  7
Consumer Confusion . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7
Technician Confusion. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9
Recommendations. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9

Impact of ADAS on Vehicle Modification. .  .  .  .  .  .  9
Adherence to ADAS Functional Safety Protocols. .  .  9
Understanding the Safety Ramifications of 
Modifications. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  10
Recommendations. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  10

Overwhelming Amount of Calibration 
Procedures. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10

Shops Must Acquire Too Many Targets . .  .  .  .  .  .  .  .  .  . 12
Space Requirements. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 12
Recommendations. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 13

Liability Concern. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 13
No Easy Way to Validate ADAS . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 13
Who Assumes Liability? . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  14
Spoofing ADAS . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  14
Recommendations. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  14

Summary. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 15
SAE EDGE™ Research Reports. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 15
Next Steps for ADAS Sensor Calibration. .  .  .  .  .  .  .  .  . 15
Recommendations. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 15
Definitions . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 16
Acknowledgments. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 16
References. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 16
Contact Information . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 17

© 2021 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.

	 1

contents

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/sae-epr2021008-pdf/


	 3

JOHN WARANIAK
Have Blue, Hackrod Studio MFG

EDGE Development Team
Greg Potter, Equipment and Tool Institute
Brian Daugherty, Motor and Equipment 

Manufacturers Association
Douglas Brooks, PhD, Southwest Research 

Institute
Chuck Olsen, AirPro Diagnostics
Bram Paris, Belron International
Kaleb Silver, Hunter Engineering Co.
Aaron Schulenburg, Society of Collision 

Repair Specialists

ISSN 2640-3536

Unsettled Issues on Sensor 
Calibration for Automotive 
Aftermarket Advanced Driver-
Assistance Systems
Abstract
Many automotive industry safety advocates have been pushing for greater market 
penetration of active safety and advanced driver-assistance systems (ADAS), with the 
goal of zero deaths due to transportation crashes. There are far-reaching implications 
for the collision repair, specialty equipment, and performance aftermarket sectors. 
After a collision or modification, the ADAS functionality must be preserved to maintain, 
driver, passenger, and road user safety.

To do this, sensor recalibration and ADAS functional safety validation and docu-
mentation after repair, modification, or accessorizing are necessary. However, the 
accelerating pace of ADAS technology additions to vehicles; a general industry lack of 
understanding of the systems, sensors, software, controllers, and other components; 
an overwhelming variety of sensor calibration procedures and automaker targets; 
and—finally—liability concerns are challenging the industry as it seeks to move forward 
safely. These are all unsettled topics that demand attention and standardization to 
support the safety and reliability of automated vehicles.

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 the resolution of identified issues. These 
reports are not intended to resolve the challenges they identify or close any topic 
to further scrutiny.
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