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Executive Summary

This project provides research findings in terms of options regarding technical translations of
select Federal Motor Vehicle Safety Standards (FMVSS), including the performance
requirements and the test procedures. The newly created technical translation options take into
account potential unnecessary/unintended regulatory barriers' to innovative new vehicle designs
appearing in vehicles equipped with Automated Driving Systems (ADSs).

This report builds on the FMVSS Considerations for Automated Driving Systems: Volume 1
report (Blanco et al., 2020), which documented the framework used to evaluate the regulatory
text and test procedures with the goal of identifying possible options to remove regulatory
barriers for the compliance verification of ADS-dedicated vehicles (ADS-DVs) that lack
manually operated driving controls. This research includes feedback obtained from the research
team, stakeholders, and subject matter experts (SMEs). A technical translation is a modification
that would allow regulatory text and/or test procedures identified as potential regulatory barriers
to result in the same basic engineering performance without manual control-specific restrictions
or references. This report (Volume 2) documents the process carried out to develop technical
translations and testing procedure options for the 18 FMVSS that it covers, such that the
identified potential regulatory barriers could be removed for vehicles operated exclusively by an
ADS that may not have the traditional controls used by human drivers.

While the Volume 1 report discussed the 12 FMVSS covered in Volume 1 research, the current
Volume 2 report describes activities related to 9 crash avoidance standards and 9
crashworthiness standards. The 30 FMVSS that are part of Volume 1 and Volume 2 are shown in
Figure ES-1 on the following page. The 18 FMVSS covered in this report are emphasized in this
figure.

! The use of the term “regulatory barrier” in this report always refers to “an unintended and unnecessary
regulatory barrier” because the technical translation process does not remove, reduce, or otherwise alter
performance standards of the FMVSS under consideration.
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Figure ES-1. FMVSS Covered in This Report

Despite the approach used in developing the technical translation options, limitations that should
be disclosed in the interest of transparency are noted here. First, the legality of the potential
options discussed in this report has not yet been fully verified. Second, the potential options in
this report do not include all translation possibilities for the FMVSS or test procedures. The
options included are limited to those that the authors of the report and the stakeholders involved
suggested and discussed as potentially feasible at the time the research was performed. Thus,
there may be other, better options not included in this report. Third, it is important to disclose
that the majority of stakeholders involved in this project were representatives of industry, not
public interest groups or others that the National Highway Traffic Safety Administration would
consider “stakeholders” in NHTSA’s processes. Please see Appendix F for a complete listing of
the stakeholder organizations involved in the development of this report and in the technical
translations of each of the FMVSS included in this report.

Scope

The FMVSS technical translations effort is focused on a particular type of new vehicle design,
the ADS-DV, which this report defines as a vehicle designed to be operated exclusively by an
SAE level 4 or level 5 ADS (as defined in SAE International Standard J3016 201806,
Taxonomy and Definitions for Terms Related to Driving Automation Systems for On-Road
Motor Vehicles, 2018) for all trips, and which is not equipped with manually operated driving
controls. Thus, technical translation options were not developed for regulatory text or test
procedures that might pose a barrier to the compliance verification of an ADS that operates with
functionalities less than SAE level 4. Nor were technical translations developed for provisions
within the FMVSS targeted toward vehicles equipped with an SAE level 4 or level 5 ADS that
are also equipped with manually operated driving controls (sometimes referred to as “dual-
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mode” vehicles). Vehicles equipped with an ADS and manually operated driving controls would
have the physical characteristics necessary to perform the test procedures as specified.

Technical translations for this effort present possible options for the regulatory text and test
procedures when a regulatory barrier is present. Many of the FMVSS include both performance
requirements and test procedures in the regulatory text. The OVSC test procedures are derived
from the FMVSS regulatory text test procedures, if any. The technical translation options focus
mainly on the regulatory text. Examples of potential regulatory barriers could include a feature
mentioned in the regulatory text that is not available in the ADS-DV (e.g., steering column,
steering wheel), instances where the feature is required as a reference point (e.g., driver’s seat),
or if its presence is required (e.g., rearview mirror). A portion of a test procedure that cannot be
implemented as prescribed (e.g., measuring a steering wheel angle) might also present challenges
for NHTSA compliance verification.

The knowledge gained and considerations made while evaluating the 30 FMVSS (18 of which
are covered in this report) will be leveraged for any other FMVSS that might be evaluated in
future work done by this research team. This additional work will be addressed longer term and
documented in a separate report.

During the translation process, the research team reviewed the FMVSS regulatory language and
test procedures. Several parts of the regulatory language include standards that are incorporated
by reference (e.g., American National Standards Institute, ASTM International, International
Organization for Standardization, SAE International). These standards incorporated by reference
from external organizations, as part of the FMVSS, were analyzed in the same way as the
regulatory text.

Crash Avoidance Standards

Work on the 100-series crash avoidance standards revealed many of the same themes that were
repeatedly seen during Volume 1 research—for example: driver (operator); service brake
application; shift position; and controls, telltales, indicators and auditory alerts. These themes
represent some of the inherent assumptions throughout 49 C.F.R. Part 571—that a human is
driving the vehicle using manually operated driving controls. In most cases, the research team
determined that language in the 100-series standards could be addressed with straightforward
clarification of the regulatory text. The technical translations provided options for how to treat
the “driver” references in a way that may work across the standards. Since the project is focused
on ADS-DVs and may not take into account all the potential considerations for dual-mode
vehicles (considered outside of the current project scope), when the Volume 2 research
requirements were suitable, the terms “ADS-DV” and “manually operated driving controls” were
used in the technical translation options. This approach differed slightly from the Volume 1
translations, which used “vehicle operated by an ADS” and “vehicle that can be operated by a
human driver,” which the research team believes may include dual-mode vehicles. The methods
used in the Volume 1 and Volume 2 research are compatible.

The visibility theme found in some of the standards covered in this volume (FMVSS Nos. 103,
104, 111 and 113) was distinct from the visibility theme addressed with FMVSS No. 108
(Volume 1 report). The visibility-related standards discussed herein focus on the human driver
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having a clear and reasonably unobstructed view and the provided technical translation options
include retaining the performance requirements for ADS-DVs or, in some cases, specifying the
requirement(s) for vehicles with manually operated driving controls. Additionally, FMVSS No.
101, a standard also considered as part of the Volume 2 visibility theme, specifies provisions for
location, identification, color, and illumination of motor vehicle controls, telltales, and
indicators. The analysis of regulatory information communicated in vehicles completed for the
Volume 1 standards was also conducted for the Volume 2 standards to develop options for
specifying where or to whom a telltale, indicator, or auditory alert is directed in ADS-DVs. The
Volume 2 analysis was also expanded to include labels, written notices, and markings.

FMVSS No. 110 presents a unique aspect to the vehicle loading theme that was not part of the
considerations for the Volume 1 translations. The vehicle normal load on the tire provisions
contained in FMVSS No. 110 includes the vehicle’s curb weight, accessory weight, and normal
occupant weight based on typical seating patterns. Unconventional seating designs could benefit
from additional research to understand the potential impacts to the vehicle normal load on the
tire provisions.

Test Procedures

While much of the language in the 100-series standards could be addressed with straightforward
clarifications, many of the test-procedure-related specifications may have potential compliance
verification barriers. The primary goal was to identify a technically feasible path forward for
execution of the test procedures through the test methods being evaluated. The intent was not to
provide the final resolution or recommended implementation, but rather to demonstrate potential
solutions and identify considerations for execution of the test procedures with an ADS-DV.
Additional factors that may influence how the current test procedures are translated and/or
executed for ADS-DVs are presented and discussed in this report.

There are some general considerations that apply to all standards. One is that, given the variety
of vehicle functionalities and that the level of specificity for some functionalities is different
depending on the FMVSS, there may not be a single solution for compliance verification testing
of ADS-DVs that works equally well for all standards. Second, as existing test procedures are
dependent upon human control of vehicle functionalities, testing of ADS-DVs may need to
change as ADS-equipped vehicles themselves evolve. Because control of an ADS-DV will not
be natively available to an external entity (a human), control of the vehicle will likely be
manufacturer-specific, if not model-specific. With market maturation, control by authorized
entities other than the manufacturer may become more accessible, potentially through
standardization. This natural design evolution could influence the way test procedures are
implemented and executed in the near future and later on. Therefore, the approach taken in this
effort attempted to keep a broad view of the potential options and considerations that could be
applicable now and in the future as the team investigated the test procedures and potential
methods that could be used in their execution.

Crashworthiness Standards

In translating the 9 FMVSS 200-series standards covered in the Volume 2 research, many of the
same themes repeatedly encountered in the Volume 1 research were also present—for example:



(1) references to driver (operator); (2) references to driver/passenger position; (3) references to
front/rear of vehicle; (4) controls, telltales, indicators, and auditory alerts; and (5) dummy
positioning. Many of these themes are also present in the 100-series Volume 1 and Volume 2
standards, so a consistent translation strategy was used in both series.

The aim of the 200-series standards is to reduce the risk of injury in the event of a crash. The
occupant protection provisions of the 200-series are associated with the potential hazards to
occupants at various seating positions rather than the role of the occupants seated at those
locations. Bi-directional vehicles and unconventional seating configurations (e.g., rear-facing
front seats) were not considered for the 200-series standards. Therefore, much of the language in
the 200-series standards could be addressed with straightforward clarification of the regulatory
text. The same 100-series standards approach used for the analysis of regulatory information
communicated in vehicles was applied to the 200-series standards.

Test Procedures

The same approach used to provide translation options for the regulatory text of the 200-series
standards was used for the associated test procedures. The technical translations provided options
for how to treat the “driver” references in a way that worked across the standards. Many
translations of the FMVSS 200-series test procedures involve mirroring the passenger/front right
outboard seat to the left front outboard seat for ADS-DVs and, therefore, any additional test
procedure development for translation may not be warranted. In many instances, the translation
options use the phrase “if present” when the test procedures refer to the “steering column” or
“steering wheel” to maintain the current requirements for conventional vehicles with manually
operated controls. Based on the translations, additional test procedures for telltales in the
FMVSS 200-series may be considered. Options for the air bag readiness indicator, passenger air
bag suppression indicator, and seat belt warning system could expand the current requirements
depending on who or what should receive which information.

Stakeholders and Subject Matter Experts

Stakeholders and SME reviewers were involved in the technical translation process. Several
entities were engaged by the research team as collaborators on this project to obtain input and
feedback, and to produce prototype technology for testing and evaluation. Stakeholders include
companies, organizations, and advocacy groups that were invited to be involved in this project in
the proposal stage based on their experience with FMVSS and ADS-equipped vehicles.
Additional stakeholder entities have since been added; in some cases, organizations asked to be
added and in other cases a need was identified for additional expert feedback, resulting in
additional stakeholders being invited to participate.

SME reviewers are a subset of the larger stakeholder group; these are individuals with
demonstrated expertise in and knowledge of a particular FMVSS and/or test procedure and a
comprehension of how potential barriers to unconventional vehicle designs may be addressed.
SMEs were divided into working groups based on their expertise. Working group members
assisted with the review process once technical translation options were developed. SMEs also
provided feedback on alternative methods evaluated for test procedures of interest. In addition,
stakeholders participated in open project meetings and provided project input.
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Report Contents

This report includes the following information:

Chapter 1 — Introduction. This chapter provides an overview of the research project as well as
relevant background information.

Chapter 2 — Technical Translation Process. This chapter introduces the process followed for
the development of technical translation options provided in this report. An overview describes
the steps followed to analyze potential regulatory barriers for vehicles operated exclusively by an
ADS in the references cited in 18 FMVSS, the methods used to develop technical translations,
and the approach used for identifying and evaluating methods that NHTSA could potentially use
to verify compliance. The steps followed for stakeholder and SME review and participation are
also described in this chapter.

Chapter 3 — Crash Avoidance Standards. This chapter explains the results from the analysis
performed for each of the nine 100-series FMVSS covered in Volume 2 research: FMVSS Nos.
101, 103, 104, 110, 111, 113, 124, 125 and 126. An overview of the technical translations as well
as the stakeholder and SME feedback on each technical translation is presented.

Chapter 4 — Crashworthiness and Occupant Protection Standards. This chapter explains the
results from the analysis performed for each of the nine 200-series FMVSS covered in Volume 2
research: FMVSS Nos. 207, 208, 210, 214, 216a, 219, 222, 225, and 226. The translation
overview as well as the stakeholder and SME feedback on each translation are presented.

Chapter 5 — Test Method Evaluation Findings. This chapter provides a recap of the approach
presented in the Volume 1 report and the specific application of the approach for the Volume 2
standards covered in the current report. While the focus for the Volume 2 research was the
execution of FMVSS No. 126 test procedures that required operation of the ADS beyond what
was demonstrated in the Volume 1 research, the evaluation includes the results from testing
associated with the Volume 1 research. Results of the evaluation also incorporate SME insight
and options captured during face-to-face panel discussions.

Chapter 6 — Summary of Research Findings. This chapter reviews the key findings from the
translation analyses for the 100- and 200-series FMVSS for this portion of the research effort and
summarizes the development of methods that may allow NHTSA to perform the test procedures
and test procedure options.

Appendices — Appendices are included to provide information regarding definitions, technical
translation worksheets, telltale tables from FMVSS No. 101, the information communicated to
occupants, lists of standards incorporated by reference for the FMVSS covered in Volume 2
research, stakeholder listings, independent ADS-equipped research vehicle testing, simulation,
and hardware-in-the-loop simulation.

vii



Summary Conclusion

This study continued the work reported on in the Volume 1 report and carried forward the
process for developing FMVSS translation options. As with the Volume 1 research, crosscutting
analyses were developed to drive consistency in the technical translation options and clarify
when individual standards required unique options or approaches. This allowed for the
development of a potential range of options, and recognition of where an option in one standard
could have broader implications.

In most cases options were provided for the 100-series standards that might be addressed through
clarification by NHTSA and may not require additional supporting research. The 100-series
standards covered in the Volume 2 research had many of the same themes that became apparent
during the Volume 1 research. Many of the crash avoidance standards inherently assume that a
human is driving the vehicle using manually operated driving controls. The technical translations
provided options for how to treat the “driver” references in a similar manner across the Volume 1
and Volume 2 research. The visibility theme found in some of the Volume 2 research (FMVSS
Nos. 103, 104 and 113) was different from the FMVSS No. 108 visibility theme covered under
the Volume 1 research.

For the 200-series FMVSS, the effort focused on occupant protection in ADS-DVs with
conventional seating configurations. Similar to the 100-series, in most cases, options were
provided for the 200-series standards that might require clarification by NHTSA, as the focus for
the Volume 2 research was limited to conventional seating configurations, and passenger side
requirements could be used in most cases where a driver’s designated seating position is no
longer present. Many of the same themes were present across the Volume 1 and Volume 2
research. Crashworthiness requirements could be stated in terms of seating positions rather than
occupant roles (e.g., driver, passenger). The test procedures developed for passenger seating
positions could be used for ADS-DVs given that the main design difference between the two
front outboard seating positions in conventional vehicles is the presence or absence of manually
operated driving controls. ADS-DV developments may be changing the role of the rear seat to be
more like that of the front seat, affecting FMVSS No. 208 in particular.

The Volume 1 report provided foundational work in developing FMVSS technical translation
options and associated test procedure functionality that could be used by NHTSA to verify the
compliance of ADS-DVs without manually operated driving controls, and Volume 2 used the
same approach with 18 additional FMVSS. The exchange of ideas and feedback by the research
team, stakeholders, and SME reviewers provided input to the options and the associated findings.
Test procedures to verify FMVSS compliance for ADS-DVs without manually operated driving
controls may continue to be refined during the next phase of this project. Furthermore,
considerations for unconventional seating may be investigated.
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Chapter 1. Introduction

This project provides research findings in terms of options regarding technical translations of
select Federal Motor Vehicle Safety Standards and test procedures. The newly created technical
translation options take into account potential unnecessary/unintended regulatory barriers' to
innovative new vehicle designs appearing in vehicles equipped with automated driving systems
(ADSs) that lack manually operated driving controls. This report builds on the FMVSS
Considerations for Automated Driving Systems Phase 1, Volume 1 (Blanco et al., 2020), which
documented the framework used to evaluate the standards in that report. While the Volume 1
report discussed 12 FMVSS, the current report (Volume 2) describes activities related to 9 crash
avoidance standards and 9 crashworthiness standards, as shown in Figure 1. (The four standards
distinguished by white cells in the table are explained in footnotes under the figure.) This
research includes feedback obtained from the research team, stakeholders, and subject matter
experts.

Crashworthiness & Occupant Protection

Controls and displays Tire selection and rims and|| Accelerator control Seating systems Side impact protection School bus passenger
motor home/recreation systems seating and crash
vehicle trailer load carrying protection
capacity information

Windshield defrosting and | | Rear visibility Warning devices Occupant crash protection || Roof crush resistance Child restraint

defogging systems anchorage systems

Windshield wiping Hood latch system Electronic stability control Seat belt Windshield zone intrusion || Ejection Mitigation

and washing systems systems for light vehicles assembly anchorages

FMVSS No. 111: May benefit from further research to complete technical translation options
FMVSS Nos. 125, 210, and 219: No barriers identified that required technical translation development

Figure 1. FMVSS Covered in Volume 2

For the purposes of this report, a technical translation is a modification that would allow
regulatory text and/or test procedures that are identified as potential barriers to result in the same
basic engineering performance without manual control-specific restrictions. Technical
translations for this effort present options for the regulatory text and associated test procedures
when a regulatory barrier is present. This report provides information regarding the technical
translations and the test procedures for the 18 FMVSS covered in Volume 2 research in this
project, such that the identified potential regulatory barriers could be removed for vehicles
operated exclusively by an ADS that does not have the traditional manually operated controls
used by human drivers.

! The use of the term “regulatory barrier” in this report always refers to “an unintended and unnecessary
regulatory barrier” because the technical translation process does not remove, reduce, or otherwise alter
performance standards of the FMVSSs under consideration.



Background

As part of the Volume 1 research, an analysis was performed to group features for current
concept vehicles into four types of ADS-DVs: (1) First Generation, (2) Transitional, (3)
Revolutionary, and (4) Low Speed. Studying the characteristics of the features for these
innovative new vehicle designs allowed the research team to evaluate potential barriers. The
Volume 1 research included 6 crash avoidance standards and 6 crashworthiness standards, as
shown in Figure 2.

Crashworthiness & Occupant Protection

Transmission shift Theft protection and Tire pressure Occupant protection Impact protection for Glazing materials
position sequence, rollaway prevention monitoring systems in interior impact the driver from the
starter interlock, and steering control system
transmission braking
effect

|8 14 202a 204 206
Lamps, reflective Power-operated Minimum Sound Head restraints Steering control Door locks and door
devices, and associated ~ window, partition, and  Requirements for Hybrid rearward displacement ~ retention components
equipment roof panel systems and Electric Vehicles

Figure 2. FMVSS Covered in Volume 1 Research

Scope

The FMVSS technical translations effort is focused on a particular type of new vehicle design,
the ADS-DV, which this report defines as a vehicle designed to be operated exclusively by an
SAE level 4 or level 5 ADS (as defined in SAE International Standard J3016, Taxonomy and
Definitions for Terms Related to Driving Automation Systems for On-Road Motor Vehicles,
June 2018) for all trips, and that is not equipped with manually operated driving controls. Thus,
technical translation options were not developed for regulatory text or test procedures that might
pose a barrier to the compliance verification of an ADS that operates with functionalities less
than SAE level 4. Nor were technical translations developed for provisions within the FMVSS
targeted toward vehicles equipped with an SAE level 4 or level 5 ADS that are also equipped
with manually operated driving controls (sometimes referred to as “dual-mode” vehicles).
Finally, only existent FMVSS are covered as part of the scope of this effort. The development of
future standards is considered outside of the project’s scope.

Multiple factors were considered during the research scoping effort, including definitions,
concept vehicles, and technical translation principles (See Appendix A for the definitions and the
Volume 1 report for the technical translation principles). The scoping process allowed the
development of technical translation options that the research team believes are appropriate to
the vehicles of interest: ADS-DVs without manually operated driving controls. The approaches
used for evaluating the translation options and test procedure implications for those standards
covered in Volume 2 research are presented in their respective chapters.



Conventional Seating Configuration

During Volume 1 and Volume 2 research, the 200-series technical translation options considered
conventional seating configurations only. Certain unconventional seating configurations may be
explored in future research.

Bidirectional Vehicles

The current standards do not define the front and rear of the vehicle. These have been well
understood to date (hood, trunk, front doors, rear axles, headlamps, etc.); however, with a
bidirectional vehicle, it is possible that, depending on the vehicle’s direction of travel, the hood
becomes the trunk, the front doors become the rear doors, the front axles become the rear axles,
the headlamps become the backup lamps, and so on. While front and rear are referenced
throughout the standards, they are not defined, which can make things unclear when discussing
vehicles with bidirectional functionality. Bidirectional ADS-DVs were analyzed in the context of
the crash avoidance standards (100-series) and potential bidirectional vehicle definition options
and application approaches were discussed. For the crashworthiness standards (200-series),
bidirectional vehicles were not considered under Volume 1 or Volume 2 research. The
implications of bidirectional vehicles for crashworthiness may be explored in future research.

Approach

During the translation process, potential regulatory barriers were analyzed. The first set of
regulatory barrier analysis, technical translations, and test method evaluations that were reported
on in the Volume 1 report were used as a framework for the evaluation of the standards covered
in Volume 2. Chapter 2 of the current report provides additional detail on the process used to
analyze regulatory barriers.

Definitions used in this study are provided in Appendix A. Detailed information on these
definitions was included in the Volume 1 report. Research conducted under this project regarding
concept vehicles as they relate to current FMVSS was also covered in that report.



Chapter 2. Technical Translation Process

Performing Technical Translations

Following, we describe the process used to analyze the potential need for technical translations.
Potential barriers were analyzed at two levels: (1) regulatory language, including performance
requirements and test procedures, and (2) exercise of test procedures. There are many external
standards that are incorporated by reference (e.g., American National Standards Institute, ASTM
International, International Organization for Standardization, SAE International). The external
standards, as part of the FMVSS, were analyzed in the same way as the rest of the text.

Technical Translation Types and Reasons for Inability to Translate

The following taxonomy was used to categorize the analysis performed for each FMVSS. This
initial framework allowed for the accommodation of options as they evolved and as information
developed throughout the technical translation process. The standard translation assessment code
is a categorical variable ranging from 0 to 2. The code assigned to each standard’s technical
translation conveys what the research team believes is the appropriate category (Table 1). Codes
were used to categorize the considered translations throughout the technical translation
development process. The technical translation type and assessment reason can be found in the
individual standard translation worksheets. See Appendix B for the technical translation
worksheets for each of the FMVSS covered in Volume 2 research.

Table 1. Technical Translation Taxonomy

Reason Technical Translation Type Description
0 — Not performed Translation evaluated but not performed.
1 — Translation is straightforward | The translation performed is straightforward.
2 — Limited research may be Can translate standards or provisions of standards, maintaining
beneficial current performance levels, with some limited amount of research

for NHTSA to conduct compliance verification for both
conventional vehicle designs and new vehicle designs associated
with ADS-DVs.

Key Considerations
Crash Avoidance

Similar themes emerged among Volumes 1 and 2 research (e.g., driver [operator]; service brake
application; shift position; and controls, telltales, indicators, and auditory alerts). Table 2
captures the crosscutting themes from both the Volume 1 and Volume 2 standards.



Table 2. Crash Avoidance Crosscutting Themes

Volume 1 Volume 2

Themes 102 {108 | 114 | 118 | 138 | 141 | 101 | 103 | 104 | 110 | 111 | 113 | 124 | 125 | 126

Congressional

Mandate ¢ ¢ ¢ ¢ ¢ ¢

Controls, Telltales,
Indicators, and () () () () () ()
Auditory Alerts

Driver (Operator) o o o o o o o ) ) ) )

Driver/Passenger
Position/Presence

Equipment May
Not Be Applicable

Front/Rear of
Vehicle

Service Brake
Application

Shift Position
(Gear, Selects, () () () () () () ()
Reverse)

Vehicle Loading
Including Test
Driver and
Instrumentation

Visibility ° o | o o | o

These themes represent some of the inherent assumptions throughout 49 C.F.R. Part 571—that a
human is driving the vehicle using manually operated driving controls; this presents one of the
biggest challenges to the technical translation of the 100-series standards. Among other things,
an ADS is not expected to manipulate the lateral control of a vehicle through a steering wheel, is
not expected to apply pressure to a brake pedal to stop a vehicle, and likely would not require
illuminated telltales to make it aware of vehicle conditions. A key aspect to addressing the
inherent assumptions in the standards was how to treat the “driver” references in a way that
worked across the standards. This was one of the key undertakings for the Volume 1 research. As
detailed in the Volume 1 report and shown in the definitions in Appendix A, the research team
discussed two potential definitions for the term “driver.” Under Option 1, “driver” is used both
for an ADS performing the dynamic driving task (DDT) for an ADS-DV and also for a human
driver. In Option 2, the term always refers to a human as the driver—the ADS would be treated
and, if necessary, defined separately. Because the latter option does not specify the entity that is
operating/controlling the vehicle, the technical translation options use language such as “for a
vehicle operated by an ADS” or “for a vehicle operated by a driver.”

In some cases, the Volume 2 standard requirements were not anchored on the “driver” actively
performing the DDT but were more guided towards describing the vehicle in terms of its




features. Therefore, when referring to vehicle features—not the driver—the technical translation
options provided for the Volume 2 standards refer to the “ADS-DV” directly and, when
specifying a requirement for a vehicle driven by a human driver, the phrase “vehicle with
manually operated driving controls” is used. This is different than the method generally used for
the Volume 1 technical translation options, which mainly specified requirements by who or what
was operating the vehicle. For the Volume 1 standards, “for a vehicle operated by an ADS” was
used to specify requirements for an ADS-DV and “for a vehicle that can be operated by a human
driver [driver]” was used to specify requirements for a vehicle operated by a human driver. In
most cases, the language used in the Volume 1 report would also work for the Volume 2
technical translation options. Since the project is focused on ADS-DVs and may not take into
account all potential considerations for dual-mode vehicles (considered outside of the current
project scope), when requirements were suitable, the terms “ADS-DV” and “manually operated
driving controls” were used in the technical translation options.

To explain further, the current language from FMVSS No. 103 S4.2 is provided in the first
paragraph below, while the subsequent paragraphs denote additions and changes to the language
in red font. This translation has extracted language directly from SAE Recommended Practice
J902 1964. While the extracted language from this external reference did not change, language
has been added to the standard, as indicated by the use of the red, bolded, underlined font in the
two paragraphs further below:

Each passenger car windshield defrosting and defogging system shall meet the
requirements of section 3 of SAE Recommended Practice J902 (1964)
(incorporated by reference, see §571.5) when tested in accordance with S4.3,
except that “the critical area” specified in paragraph 3.1 of SAE Recommended
Practice J902 (1964) shall be that established as Area C in accordance with
Motor Vehicle Safety Standard No. 104, “Windshield Wiping and Washing
Systems,” and “the entire windshield” specified in paragraph 3.3 of SAE
Recommended Practice J902 (1964) shall be that established as Area A in
accordance with §571.104.

One of the four technical translation options uses “vehicles that can be operated with manually
operated driving controls” to delineate the requirements for a human driver and uses “ADS-DV”
when referring to vehicles without manually operated driving controls, as follows:

For vehicles that can be operated with manually operated driving controls, each
passenger car windshield...in accordance with §571.104. For ADS-DVs, if equipped with
windshield defrosting and defogging systems, Area A defrost pattern of the windshield
shall be 80 percent defrosted after 25 minutes of operation. After 40 minutes of operation
the entire windshield area shall be 95 percent defrosted.

While not supplied as a technical translation option, the approach used with the Volume 1
standards might also work, as shown here using the driver definition Option 2:

For vehicles that can be operated by a driver, each passenger car windshield...in
accordance with §571.104. For vehicles operated by an ADS, and if equipped with
windshield defrosting and defogging systems, Area A defrost pattern of the windshield




shall be 80 percent defrosted after 25 minutes of operation. After 40 minutes of operation
the entire windshield area shall be 95 percent defrosted.

As shown in Table 2, defining the front and rear of the vehicle was also a theme explored in
Volume 1 research, predominantly in the context of FMVSS Nos. 108 and 141. The research
team considered whether there may be a need to define front and rear to support the technical
translation options for bidirectional vehicles. After review and analysis, the team presented
options for defining bidirectional vehicles in section 571.3 and added a new subsection (g) of
section 571.7, or a new section 571.11, which clarified that each applicable standard set forth in
Subpart B shall apply to bidirectional vehicles in both directions of travel. For the most part, this
same approach was applied to the development of options for the Volume 2 standards—
compliant in both directions of travel. However, one of the three technical translations options
for FMVSS No. 110 considers an approach that may facilitate only one placard placement for
vehicles with bidirectional functionality.

The visibility theme was present in the Volume 1 standards (FMVSS No. 108); however, it was
more prevalent in the Volume 2 standards. FMVSS No. 108 specifies requirements for all
original and replacement lamps, reflective devices, and associated equipment; much of this
standard is focused on helping the driver see and making the vehicle visible to others. In contrast,
the Volume 2 standards associated with visibility (FMVSS Nos. 103, 104, 111 and 113) specify
requirements for the driver having a clear and reasonably unobstructed view, and FMVSS No.
101 specifies requirements for location, identification, color, and illumination of motor vehicle
controls, telltales, and indicators. While some aspects overlap the Volume 1 and Volume 2
standards (such as the use of similar SAE standards to establish an “eyellipse,” a statistical
representation of driver eye locations, and the options for telltale and indicators), the Volume 2
standards address different aspects of visibility.

Additionally, some of the Volume 2 standards include requirements with provisions for vehicle
loading focused on testing personnel and equipment. This aspect of the vehicle loading theme
that was addressed in the Volume 1 standards and the technical translation options used was also
used in the pertinent Volume 2 standards’ technical translations. However, FMVSS No. 110
presents a unique aspect to the vehicle loading theme that was not part of the considerations for
the Volume 1 translations and, thus, required additional considerations. The vehicle normal load
on the tire provisions contained in FMVSS No. 110 includes the vehicle’s curb weight, accessory
weight, and normal occupant weight based on typical seating patterns. ADS-DVs’
unconventional seating designs and the potential impact on vehicle loading specific to FMVSS
No. 110 are discussed further in Chapter 3: Crash Avoidance Standards.

Test Procedures

For the crash avoidance standards, the primary goal was to demonstrate potential ways to
execute test procedures using an ADS-DV. Some of the key considerations that were identified
during the current research are summarized here.

There are multiple factors that may influence how the current test procedures could be translated
and/or executed for ADS-DVs. For example, the Office of Vehicle Safety Compliance (OVSC)
test procedure for FMVSS No. 111 records the live image shown on the rearview image display



for compliance verification. If an ADS-DV manufacturer chooses to use vision-based perception
sensors at the rear of the vehicle and their architecture supports live viewing of the video stream,
this could allow a test procedure execution similar to that currently conducted. However, if a
radar-based system is used at the rear of the vehicle instead, the streaming of the raw radar data
may not provide adequate information for the test operator to directly verify compliance.
Similarly, ADS-DVs with an ODD that is strictly limited to an urban environment may not be
designed to travel at the minimum speed required to execute the sine-with-dwell (SWD) test
defined in FMVSS No. 126 for electronic stability control (ESC). This potential scenario may
influence how compliance verification for ESC is defined and executed for ADS-DVs.

There may not be a single solution or test method for compliance verification testing of ADS-
DVs that works equally well for all standards. The FMVSS include a wide spectrum of behavior
and performance criteria, such as the ability of the transmission to hold on a hill (FMVSS No.
114) and the ability to limit vehicle yaw (FMVSS No. 126). Current execution of the associated
test procedures for these two standards are carried out using different methods: human control
and programmed control. Similarly, different standards may be easier to execute with one of the
proposed methods investigated during this research. The different opinions offered by SMEs also
reflected this ambiguity in identifying a single preferred test execution method. This difference
in opinion could also be a function of the way in which a given manufacturer may architect and
build an ADS, which may influence how an ADS-DV might be manually controlled.

Another consideration that was reflected in the feedback from stakeholders and SMEs is that the
technology may be too new to establish a final testing solution. Market maturation may provide
more tangible data on how manufactures will implement control of their vehicles outside the
normal ODD. This data may provide additional insight on how to perform compliance
verification testing with ADS-DVs. Therefore, the approach taken in this effort attempted to
keep a broad view of the potential options and considerations that could be applicable now and in
the future while investigating the test procedures and potential methods that could be used in the
execution of these procedures.

Crashworthiness and Occupant Protection

In translating the FMVSS 200-series standards covered in Volume 2 research, many of the same
recurring themes in the Volume 1 research were also present (e.g., driver [operator];
driver/passenger position; front/rear of vehicle; controls, telltales, indicators, and auditory alerts).
Table 3 captures the crosscutting themes from both the Volume 1 and Volume 2 standards.



Table 3. Crashworthiness and Occupant Protection Crosscutting Themes

Volume 1 Volume 2

Themes 201 |202a 203 (204 |205 [206 (207 [208 |210 (214 |216a 219 |222 |225

226

Assumes Front
Row is Preferred [ ) [ ) [ ) [ ) [ ) () ()
Seating Position

Congressional
Mandate

Controls,
Telltales,
Indicators, and
Auditory Alerts

Driver (Operator) | @ ° ® ° ® ° ® o o °

Driver/Passenger
Position/Presence

Dummy
Positioning

Equipment May
Not Be ® [
Applicable

Front/Rear of
Vehicle

The aim of the 200-series standards is to reduce the risk of injury in the event of a crash. Many

of the FMVSS in the 200-series use the terms “driver,” “driver’s seat,” “driver’s designated

seating position,” and similar terms, which might appear at first inspection to warrant technical
translation. However, the occupant protection provisions of the 200-series are associated with the
potential hazards to occupants at various seating positions rather than the role of the occupants

seated at those locations.

In some FMVSS, the terms “driver side” or “passenger side” are used to define vehicle

landmarks. Technical translation options were provided to modify these terms to “left side” or

“right side,” respectively.

Test Procedures

The same approach used to provide translation options for the regulatory text of the 200-series

standards was used for the associated test procedures. Many translations of the FMVSS 200-

series test procedures involved mirroring the passenger/front right outboard seat to the left front

outboard seat for ADS-DVs, and therefore any additional test procedure development for
translation may not be warranted. The dummy positioning procedures for the front outboard

passenger designated seating position (DSP) were mirrored for dummy positioning in the left

front DSP in vehicles without manually operated driving controls. In many instances, the
translation options use the term “if present” when the test procedures refer to the “steering
column” or “steering wheel” to maintain the current requirements for conventional vehicles.




Based on the translations, additional test procedures for telltales may be warranted in the
FMVSS 200-series. Options for the air bag readiness indicator, passenger air bag suppression
indicator, and seat belt warning system could expand the current requirements, depending on
who should receive what information.

Controls, Telltales, Indicators, Auditory Alerts, Symbols, Labels, and Markers

In general, the performance specifications for required controls, telltales, indicators, auditory
alerts, symbols, labels, and markers are contained within the individual standards and are
designed to be used by, or convey information to, the driver of a vehicle and, in a few cases, to
other occupants. As indicated in the crosscutting themes tables (Table 2 and Table 3 above),
FMVSS Nos. 126, 208, and 226, which are covered in the Volume 2 standards, require telltales
and specify performance conditions for those features.

In addition to these standards, FMVSS No. 101, Controls and Displays, contains requirements
for location, identification, color, and illumination of motor vehicle controls, telltales, and
indicators. For example, FMVSS No. 101, S5.1.2 specifies, “The telltales and indicators listed in
Table 1 and Table 2 [in the standard] must be located so that, when activated, they are visible to
a driver....” (See the tables in Appendix C of this report.) This is an “if equipped” standard—the
standard applies if the vehicle is fitted with the controls, telltales, or indicators in the tables
provided in FMVSS No. 101. Not all FMVSS No. 101 controls, telltales, and indicators
presented in Tables 1 and 2 are referred to in other standards that specify the equipment
performance. For example, the fuel level telltale and indicator equipment performance are not
referred to in other standards. Conversely, FMVSS No. 208, S7.3 specifies that there should be
“...a continuous or flashing warning light visible to the driver displaying the identifying symbol
for the seat belt telltale shown in Table 2 of FMVSS No. 101 or, at the option of the
manufacturer if permitted by FMVSS No. 101, displaying the words “Fasten Seat Belts” or
“Fasten Belts,” for not less than 60 seconds...." Additionally, FMVSS No. 208, S4.5.2 includes a
“readiness indicator” requirement to monitor the readiness of the driver and passenger air bags.
The term “readiness indicator” in FMVSS No. 208 and S4.2.2 of FMVSS No. 226 refers to the
telltale in this case.

In addition to the controls, telltales, indicators, and auditory alerts, some of the standards specify
information to be communicated using labels, written notices, and markings (e.g., the placard
label that contains the tire pressures and the vehicle's load limits, markings identifying the child
restraint anchorages, and written notices covering spare tire use information). Issues related to
what an ADS should do in response are beyond the scope of this project. Nevertheless, the
premise of providing a driver with a warning indicates the expectation that a response will be
initiated based on that warning. To develop the different technical translation options, an analysis
of the driver’s expected response to telltales and other communication was conducted. The
research team reviewed publicly available documents and owner’s manuals and combined
information from those with the team’s collective knowledge in order to: (1) identify standards
that require controls, telltales, indicators, symbols, labels, markers, written notices, and auditory
alerts, (2) attempt to identify the “expected response” of a driver and/or occupant(s) to these
items in a manually operated vehicle; (3) present options for technical translations; and (4)
identify potential considerations associated with the options.

10



The same approach used in the Volume 1 research was applied to the Volume 2 standards. Table
4 below outlines the four areas that were used in the analysis: (1) information communicated, (2)
delivery method, (3) intended for, and (4) expected response.

Table 4. Analysis of Regulatory Information Communicated in Vehicles

Categories Analysis Questions Examples

What is communicated? Engaged, warning, malfunction,

Infi ti mmunicat L . : .
nformation Communicated What type of communication? identification

[Mlumination of a telltale, auditory

Delivery Method How is information delivered? .
alert, indicator
. . . Driver, non-driving occupants
Intended For Who is the information for? Ve, V] g up >
maintenance entity
After a low tire pressure warning
What action is expected in response | is activated, someone is expected
Expected Response p p ’ p

to information? to check the tires and take
appropriate action

The analysis of the Volume 2 standards retained the 10 potential options developed during
Volume 1 research for technical translation of provisions that specify where or to whom a
telltale, indicator, or auditory alert is directed in ADS-DVs. The 10 options are detailed in the
Volume 1 report. They range from communicating the information to the ADS only, to
communicating to the ADS and all DSPs, to not communicating the information to either the
ADS or DSPs, and include many options in-between.

Appendix D captures the complete results of the Volume 2 analysis of information
communicated in an ADS-DV. Similar to the initial analysis completed for the Volume 1
standards, some of the FMVSS explicitly state to whom the information in question should be
communicated and the expected response, such as S7.3 of FMVSS No. 208, Seat belt warning
system, outlined above and further described in S4.5.1(f), which details the information to appear
in the owner’s manual: "The information shall emphasize that all occupants, including the driver,
should always wear their seat belts whether or not an air bag is also provided at their seating
position to minimize the risk of severe injury or death in the event of a crash." Based on the
analysis of the expected response described in the regulatory language, only 4 of the 10 technical
translation options were used in the seat belt warning system requirement translation (Volume 1
report). These options and the associated rationales are discussed in Chapter 4: Crashworthiness
and Occupant Protection, FMVSS No. 208.

Other provisions had little to no indication of the expected response (e.g., the fuel level telltale
and indicator in FMVSS No. 101). However, this was not unexpected since the fuel level telltale
and indicator are not required. By way of example, the 2018 Ford Fusion owner’s manual states,
“It will illuminate when the fuel level is low or the fuel tank is nearly empty. Refuel as soon as
possible” (Ford Motor Company, 2018a, p. 97). Similarly, the owner’s manual for the 2018
Toyota Camry states: “Indicates that remaining fuel is approximately 2.2 gallons. Refuel the
vehicle” (Toyota Motor Corporation, 2018, p. 500). Therefore, the expected response was
determined to be: Verify fuel level status and refill fuel tank as soon as possible. If a vehicle is
equipped with a fuel level indicator and corresponding telltale, a range of options from the
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Volume 1 report could be applied as part of a new Table 3 for FMVSS No. 101 for ADS-DVs.
This notion is discussed further in the upcoming Chapter 3: Crash Avoidance Standards, FMVSS
No. 101 section.

The entity responsible for the vehicle’s “Operational Readiness” played a role in the
development of the translation options. SAE International’s J3016 defines a “Dispatching Entity”
as an entity that dispatches an ADS-equipped vehicle(s) in driverless operation (2018). It further
outlines that while the ADS is not engaged, the dispatcher verifies operational readiness of the
ADS-equipped vehicle. The responsibility for operational readiness (e.g., vehicle condition,
maintenance) of an ADS-DV may no longer belong to a human driver. Rather, it could be a
dispatcher or dispatching entity (e.g., vehicle owner and/or a fleet management company) that
completes the operational readiness function. Items such as the fuel level indicator and telltale,
along with others contained in the FMVSS No. 101 tables (e.g., engine oil pressure and air bag
readiness), were reviewed for this analysis and considerations for the concept of operational
readiness was explored. NHTSA’s Automated Vehicle Research for Enhanced Safety report
(Tellis et al., 2016) identifies some safety principles for ADS-equipped vehicles. One of these
principles for SAE level 4 and 5 ADS-equipped vehicles is that the vehicle operator shall ensure
vehicle operational readiness before engaging the ADS. While the term “vehicle operator” is not
used in SAE’s J3016 (2018)—*“dispatching entity” is used instead—the principles provide
insight regarding how and to whom operational readiness information may need to be delivered.

As discussed in the Volume 1 report, for an ADS-DV, the method of communicating the
required regulatory written instructions, which is typically via a vehicle owner’s manual, may
benefit from further research to consider potential delivery methods for occupants. However,
many of the labels and markings reviewed as part of the Volume 2 standards are already intended
for non-driving occupants, such as those in FMVSS No. 207 S4.4, “Seats not designated for
occupancy while the vehicle is in motion shall be conspicuously labeled to that effect.” Other
markings and labels were specific to supporting a human driver. One such example is FMVSS
No. 111 S5.4.2, which states, “Each convex mirror shall have permanently and indelibly marked
at the lower edge of the mirror's reflective surface, in letters not less than 4.8 mm nor more than
6.4 mm high the words ‘Objects in Mirror Are Closer Than They Appear,”” which may not be
relevant for ADS-DV occupants. These examples were not provided within the technical
translation options since they either already addressed occupants or were specific only to human
drivers, and thus did not represent a regulatory barrier.

Analysis of Standards Incorporated by Reference

Many of the FMVSS make reference to external standards; these documents are incorporated by
reference in the FMVSS and they appear in 49 CFR §571.5. As stated in the Volume 1 report,
the goal of this analysis is to identify potential regulatory barriers to NHTSA’s compliance
verification as well as to provide options for technical translations in the sections where the
standard is incorporated by reference. Each incorporated reference within the FMVSS regulatory
text and associated test procedures was evaluated and coded based on its potential to create a
barrier for compliance verification. If it was a potential barrier, then a technical translation
option(s) was provided. This was performed with criteria similar to those used for FMVSS, given
that standards incorporated by reference become part of the FMVSS regulatory language (Table
5).
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Table 5. Taxonomy for Translation of Standards Incorporated by Reference

Reference Classification Scale

Description

0 — No barrier

The reference could be used as originally cited and
intended. It does not present any regulatory barrier.

1 — Translation is straightforward

Translations were incorporated to ensure the reference
does not present a regulatory barrier.

2 — Limited research may be
beneficial

Research may be beneficial in order to implement a
translation in the reference or the regulatory text.

Sixty-five standards by external organizations were incorporated by reference in the regulatory
text and the associated test procedures for the 18 FMVSS that were evaluated as part of this
report (Figure 3). These standards represent multiple organizations external to NHTSA (e.g.,
ASTM, International Commission on [llumination [CIE], SAE). The total number of
incorporated references within each FMVSS, as shown in Appendix E, was calculated per
referenced document, not by the number of citations to said references. For example, FMVSS
No. 103 contained six citations to different sections of one incorporated-by-reference document
(e.g., section 3, paragraph 3.1, paragraph 3.3, paragraphs 4.1-4.7 of SAE J902) but was only
counted once in the tables in Appendix E.
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References cited ranged in publication date from 1931 to 2010. Many newer references issued by
external organizations have not been updated in the FMVSS. Thus, only incorporated references
presently cited within the standard were assessed. The final results for this volume of the project
are presented by FMVSS as well as by external organizations in case there were some
organization-based trends (Figure 4). Details about the analysis of standards incorporated by
reference are provided for each FMVSS in its respective section (Chapters 3 and 4).

ASTM .

0 2 4 6 8 10 12 14
No. of Standards Incorporated by Reference

External Organization

® No Potential Regulatory Barrier =~ ® Translation May Be Needed

Figure 4. Standards Incorporated by Reference Cited in the 18 FMVSS, Divided by
Publishing Organization

Overall, the potential barriers presented by these standards incorporated by reference are
believed by the research team to be minimal. The few exceptions found involve SAE Standards
and Recommended Practices over varying years that are relevant to vehicle interior layout (i.e.,
packaging tools). Reed (2018) presents a review of some of these standards. The November 2018
FMVSS stakeholder meeting for this study discussed several of these standards incorporated by
reference that could present a barrier. Test procedure elements involving use of the H-Point
(SAE J826), eyellipse (SAE J941), and metrics such as W3 and W7 dimensions (SAE J1100)
may not be applicable to ADS-DV aspects such as ADS visibility. Vehicle packaging for the
human driver use points of reference defined relative to the driver’s DSPs and areas of driving
visibility relative to the windshield and manual driving controls. Some of the technical
translation options were developed using language that already exists in the current standards.
For example, FMVSS No. 104 S4.2.2 current language for multipurpose vehicle suggests:
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Each multipurpose passenger vehicle, truck, and bus shall have a windshield washing
system that meets the requirements of SAE Recommended Practice J942 (1965)
(incorporated by reference, see §571.5), except that the reference to “the effective wipe
pattern defined in SAE J903, paragraph 3.1.2” in paragraph 3.1 of SAE Recommended
Practice J942 (1965) shall be deleted and “the pattern designed by the manufacturer
for the windshield wiping system on the exterior surface of the windshield glazing”
shall be inserted in lieu thereof.

This language (including adaptations for the defogging and defrosting systems) was presented in
lieu of performing human driver centric calculations required by standards such as SAE J826 and
SAE 941. For example, a technical translation option for FMVSS No. 104 S4.2.1 could be as
follows (red font indicates changed/added text):

Each passenger car equipped with manually operated driving controls
shall have... in lieu thereof. For ADS-DVs, if equipped with a windshield
washing system, the system shall meet the requirements of this standard
for the pattern designed by the manufacturer for the windshield wiping
system on the exterior surface of the windshield glazing.

Therefore, most of the references analyzed were determined as potentially not presenting a
barrier given that translations such as the one above would allow for alternate methods to obtain
the information (e.g., manufacturer-developed pattern). This alternative method would not
involve standards that apply solely to aspects of human drivers. Alternatively, it would allow for
the same information to be obtained for aspects related to non-driving occupants.

In the evaluation process, the research team encountered an exception to the FMVSS approach
taken in the Volume 1 report with regard to the external reference citation analysis. For Volume
2, the approach was modified to consider key terms of non-incorporated references. The
modified approach was used as an inclusive measure to address all potential external documents
affected by a technical translation option. There were several examples of references to key
terms found in non-incorporated references, such as “Manikin H-Point” (FMVSS No. 101,
S5.3.4), that are not defined explicitly within the standard. Instead, these references depend on a
definition derived from an external non-incorporated reference—in this case, SAE Standard

J826 201511—from which the term originated. These references that rely on external definitions
or specified measurements may potentially pose a barrier to NHTSA for verifying compliance

testing of ADS-DVs. A table summarizing these reference exceptions can be found in Appendix
E.

Stakeholder and SME Review Process
Overall Approach

Research tasks for this report benefited from input from stakeholders and associated SMEs.
Stakeholders for this project were assembled from companies, organizations, and advocacy
groups that were invited to be involved during the proposal stage based on their experience with
FMVSS and ADS-equipped vehicles. Additional stakeholder entities have since been added; in
some cases, organizations asked to be added and, in other cases, a need was identified for
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additional SME feedback, resulting in additional stakeholders being invited to participate. SME
reviewers are a subset of the larger stakeholder group; these are individuals with expertise in and
knowledge of a particular FMVSS and/or test procedure and a comprehension of how potential
barriers to NHTSA’s compliance verification of vehicle designs may be addressed. The SME
reviewers for each FMVSS covered in Volume 2 research (Appendix F) were given
opportunities to review the technical translation options and, if provided, their input was taken
into consideration. It should be noted that no new information was requested or provided for the
FMVSS technical translation options reviews.

As detailed in the Volume 1 report, worksheets were developed for each FMVSS to provide
background information for developing the technical translation options. The FMVSS project
leads completed the initial technical translation exercise after reviewing and studying the
background information. They then gathered input from multiple core team members and further
refined the technical translation options. The updated worksheets were provided to SME
reviewers and their feedback was compiled and incorporated into the worksheets as long as the
input was within the project’s scope. All SME reviewer feedback was anonymized and
maintained within the worksheets.

The results of this task were presented during the second FMVSS stakeholder meeting, which
was held on November 28 and 29, 2018, at U.S. Department of Transportation headquarters in
Washington, DC. As was the case with the first, earlier FMVSS stakeholder meeting in April
2018), this meeting enabled a larger and broader group of stakeholders to provide input
(Appendix F). Details regarding this meeting are provided in the section below.

Stakeholder Meeting

The November 2018 FMVSS stakeholder meeting, FMVSS Considerations for Automated
Driving Systems, was held to provide feedback on the technical translation options and to
identify any additional regulatory barriers for compliance verification of innovative new vehicle
designs precipitated by ADSs.

The meeting opened with a plenary session that included an overview of the project objectives,
scope, FMVSS candidate standards, approach to the development of technical translation
options, review of incorporated reference analysis, and the concept vehicle framework used for
the project. An overview of the 100-series test method development and evaluation was
presented, followed by an introduction to the potential translation of FMVSS No. 208. As this
may extend to occupants seated behind the front seat, issues that may be encountered as a result
of occupants being seated in locations other than the front row of an ADS-DV were introduced to
provide a framework for the 200-series breakout session.

The morning meeting was rounded out by two sessions. The first was titled Analysis of
Regulatory Information Communicated in an ADS-DV. The presentation outlined the intended
design of telltales, indicators, and audible alerts to convey information to the driver—and, in
some instances, to occupants of the vehicles—and explored considerations for communicating
regulatory information in an ADS-DV. The analysis investigated what is communicated, how
information is delivered, for whom the information is intended, and the action expected in
response to the information. A research team member from Nissan Technical Center North
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America presented the current SAE and ISO tools and procedures for understanding passenger
seating and vision. The presentation concluded that the existing SAE and ISO vision standards
could provide a solid basis to measure readability for occupant control icons and information
displays in an ADS-DV. However, the passenger seat eyellipse for seats with greater than
“minimum” fore/aft adjustment may require new definitions and measurement methods. The
second session included a panel discussion on ADS-DV testing procedures.

The afternoon consisted of breakout sessions for the 100-series and 200-series FMVSS, with
presentations and panelist discussions for the Volume 2 FMVSS. The following breakout
sessions took place for the 100-series: FMVSS Nos. 108, 110, 111, 126 — (1) Translation
Updates, (2) Test Procedure Overview, and (3) Test Method Evaluation Assessment. Breakout
sessions for the 200-series were FMVSS No. 208 — (1) Rear Seat Testing, (2) Seating Location
Selection, and (3) Novel Seating Configurations. The rear seat testing update included an
overview of the selection of late-model vehicles spanning a range of potential rear-seat
performance based on vehicle package characteristics, restraint geometry, and seat belt routing.
The current and future rear-seat experiences were discussed and previous studies on rear-seat
safety were summarized. Previous stakeholder remarks on novel seating configurations were
presented and led to a discussion on how novel seating may impact technical translations and
future research. Panel discussions were chaired by the researcher responsible for leading the
technical translation for the standard. The panelists were project stakeholders who had provided
feedback to the technical translation options and who represented a range of perspectives and
backgrounds.

The symposium reconvened on the second day, and summaries of the previous day’s sessions
were presented along with next steps and closing remarks.

SME Test Methods Feedback Meetings

A series of SME meetings was held to obtain additional feedback on the proposed 100-series test
methods and associated procedures (see the Test Methods section in Chapter 5 for more details)
and the means used to evaluate and assess the different options.

Seven SME focus-group meetings were facilitated in the Farmington Hills area of Michigan and
the Silicon Valley region of California. This approach was selected as part of the data collection
methods because it provided opportunities for exploratory research while still ensuring that a
consistent set of questions was presented. Responses were aggregated for each of the focus-
group meetings allowing multiple attendees to participate at one time in an open discussion
format to generate new ideas and insights. As a result, researchers could better understand the
rationale behind the SMEs’ thought processes.

When considering the results of this effort, it is important to recognize that while SMEs were
asked a consistent set of open-ended questions, they focused their answers on aspects of testing
and evaluation most significant to them at the time. For example, a test procedure-related
opportunity expressed in one feedback meeting may also have been considered in a second
meeting; however, due to the conversational focus of the second meeting, that opportunity was
not expressly discussed.
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SMEs with direct involvement in FMVSS compliance testing and/or the development of
apparatuses associated with FMVSS and/or ADS were involved in these meetings. Specific
experience was sought from individuals in the following positions:

Safety Engineers: People who work with relevant agencies on rulemaking activities.

Regulatory Compliance Engineers: People engaged in ongoing and/or future product
compliance.

System Engineers: People who are experts on a specific area or component associated
with an FMVSS.

ADS Development Engineers: People who are involved with the development of ADS-
equipped vehicle software and electrical systems.

Test Engineers: People who perform the physical tests associated with FMVSS.

Simulation Engineers: People who perform simulation for development or compliance
including those involved with hardware-in-the-loop (HIL) development.

Seven focus groups were held with representatives from 20 organizations, including advocacy
and trade associations (3), equipment and service providers (6), traditional manufacturers (7),
and tech and startup companies (4). Appendix F provides a summary of the 45 participating
SMESs’ experience by the type of organization each represents. To target diversity of ideas, each
meeting was planned so that it included a variety of SME expertise.

SME feedback during the series of meetings consisted of qualitative discussion and quantitative
evaluation. Qualitative feedback was focused on an exploration of the criteria pertinent to
compliance verification. For the quantitative evaluation, SMEs were asked to prioritize the test
procedure evaluation criteria and indicate if any criteria or definitions should be modified.
Meeting findings are discussed in detail in Chapter 5: Test Method Evaluation Findings.
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Chapter 3. Crash Avoidance Standards

Overview

This chapter summarizes the technical translation options of the crash avoidance standards
covered in Volume 2 research: FMVSS Nos. 101, 103, 104, 110, 111, 113, 124, 125, and 126.
These standards cover a range of performance requirements that help prevent motor vehicle
crashes or injuries. The goal of this effort was to provide options for translating the language of
each standard to accommodate ADS-DVs. In addition to the FMVSS, the associated test
procedures used by NHTSA to verify compliance were reviewed; these are discussed further in
the Test Procedures section below. Technical translation assessments were completed to identify
potential regulatory barriers.

Technical Translations

As discussed in the Key Considerations, Crash Avoidance section in Chapter 2, themes such as
driver (operator), service brake application, shift position, front and rear of the vehicle and
controls, telltales, indicators, and auditory alerts were crosscutting themes addressed in the
Volume 1 research, and the approaches used for the Volume 1 standards were also used in the
development of translations for the Volume 2 standards. Perhaps one of the main differences was
the use of the term “ADS-DV” in the Volume 2 technical translation options to specify
requirements specific to an ADS-DV, whereas the term “driver” was used extensively in the
Volume 1 technical translation options, as previously discussed.

The technical translation options for FMVSS Nos. 124 and 126 addressed some of the inherent
assumptions that a human driver is operating the vehicle, such as assuming that a mechanical
pedal is present for controlling the speed of the vehicle and that precise steering inputs are
controlled through a physical steering wheel. In general, the technical translation options used
included the following: utilization of the “driver” definitions options, generalized inputs,
and—for FMVSS No. 126—translation to refer to equivalent inputs. These approaches are
consistent with the approaches used to develop the technical translation options for the Volume 1
standards.

Other Volume 2 standards contained inherent assumptions specific to a human completing the
driving task. The visibility-related requirements, for example, are intended to provide the driver
with a clear and reasonably unobstructed view. A human driver uses the view through the
windshield and windows as well as other equipment, such as mirrors and a rearview image, to
understand the driving environment around the vehicle. Similarly, the ADS uses information
from sensors to take in the environment around the ADS-DV. In many cases, when performing
the technical translations, researchers considered how the measures for a human driver could be
translated to measures for the ADS sensors. In general, the aim was to provide options to
translate the requirements for an ADS-DV, where possible. In some cases, an option that
specifies the standard for vehicles with manually operated driving controls (i.e., operated by a
human) was developed. For FMVSS No. 111, it was determined that more research was needed
to perform the technical translations. However, possible approaches to translating the
requirements were developed and are discussed in this section.
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The technical translation options for FMVSS No. 110 included the initial discovery of how
unconventional seating could potentially be a barrier to compliance for the 100-series. The
possible impact associated with ADS-DV unconventional seating designs and bidirectional
functionality is outlined in the FMVSS No. 110 section to follow.

In most cases, it was determined that language in the 100-series standards could be addressed
with textual clarification, and without the need for additional supporting research. Therefore, the
regulatory language was assessed as a 0 (assigned in cases when the technical translation was
evaluated but not performed) or a 1 (assigned when the technical translation was
straightforward). However, many of the test procedures in the regulatory text were assessed as a
2 (assigned when limited research may be beneficial). Several of the items assessed as a 2 were
related to potential compliance verification aspects. The development of methods that may allow
NHTSA to perform the test procedures to verify the compliance of ADS-DVs is a critical aspect
of removing regulatory barriers. While many of these same aspects were present in the Volume 1
standards, FMVSS Nos. 110 and 126 specify vehicle control requirements that may be
representative of an emergency situation—for example, rapid loss of inflation pressure and an
evasive steering maneuver—and are discussed further in the test procedures sections of this
report.

Potential Considerations

Visibility depends on the driver’s (human or ADS) unobstructed view of the driving
environment. Regardless of whether the driver is a human or an ADS, weather, lighting, dirt,
buildings, and other vehicles, etc., may impact visibility (Schoettle, 2017). However, the effect
of these sources of obstruction may vary by driver type (human or ADS) and, for an ADS-DV,
will mostly likely vary by the type of sensor technologies that provide the ADS with the
information to “see” the driving environment. This project included a literature review on the
sensors related to ADS and a survey of the Voluntary Safety Self-Assessment (VSSA)
disclosures (Apple, Inc., 2019; Aurora Innovations, Inc., 2019; AutoX, Inc., 2018; Mercedes-
Benz Research & Development North America, Inc., & Robert Bosch LLC, 2018; Ford, 2018b;
General Motors, 2018; Navya, 2019; Nuro, 2018; Nvidia Corporation, 2018; Robomart, Inc.,
2019; Starsky Robotics, 2018; TuSimple, Inc., 2019; Uber Technologies Inc., 2018; Waymo
LLC, 2018; Zoox, 2018) to develop a representation of the anticipated sensor types and possible
mounting locations. Figure 5 depicts which sensors are reported as being in use and their
locations for ADS on-road testing. As demonstrated in the figure, multiple sensors are needed to
provide a complete view around the vehicle. For example, using a single lidar? on the top of the
vehicle would not provide coverage of the roof-occluded areas around the vehicle (Friedmann,
2019). For example, to ensure complete coverage of the surrounding environment with sufficient
resolution, GM’s 2018 Self-Driving Safety Report states that its Cruise vehicle has 5 lidars, 16

2 [Editor’s note: There is as yet no clear consensus on the capitalization of “lidar,” which variously appears as
LIDAR, LiDAR, LIDaR, and Lidar as well as lidar. That said, it is clearly a device similar to radar and sonar,
which over decades have settled into their present, generic forms, from their early days as RADAR, R.A.D.AR.,
SONAR, SoNAR, etc. Radar and sonar are no longer considered to be abbreviations or acronyms. It is clear the
trend is heading toward lidar by many users (the New York Times and Wikipedia already have it as lidar),
although it is not fully there yet. In this report, the term has been changed to “lidar,” even though the source
documents, specifications, and regulations use the term in several different forms. References and citations retain
their original usage.]
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cameras, and 21 radars (General Motors, 2018). It is expected that the sensors will continue to
evolve, which may impact the type of sensor technology used, sensor positioning, and the
number of sensors. Figure 5 below represents the current typical locations of sensors and type of
sensors, but not their number or configurations. The locations are approximations from the
information gathered in the VSSA reports. Once a sensor was noted as being placed in a certain
location, when another VSSA report included the same sensor type in essentially the same area,
no additional denotation was made.

.Camera .LiDAR .Other (e.g., V2X Communication, GPS and Audio) ~ Radar Ultrasonic

Figure 5. Generic Sensor Types and Positioning

The sensor positioning is influenced by the method that particular sensor uses to perceive the
environment. Radar systems use wavelengths, which can travel through some objects and
therefore can be placed behind body panels and bumper systems. However, radar can still be
affected by electromagnetic characteristics of multi-layer structures (e.g., paint and material) and
misalignment could substantially impact the accuracy of the radar’s output (e.g., object tracking,
distance calculation; Dickmann et al., 2015). One of the key aspects of radar is that it is more
robust in adverse environmental conditions than other sensors (Friedmann, 2019; Waymo LLC,
2018). For camera systems, color vision capability and resolution may vary by camera type and
could be impacted by weather, illumination levels, and physical obstructions. Lidar uses lasers to
provide a 3D view of the surroundings. Some of the same conditions that could impact cameras
may also adversely affect lidar. Sensor suppliers have developed cleaning systems for camera
and lidar systems to reduce some of the adverse environmental effects (Continental Automotive
GmbH, 2019). Additionally, a degraded lidar sensor may still provide information to an ADS,
which could be adequate under some circumstances. For example, since lidar reflects off rain
drops, precipitation increases the noise floor in the returned signal. However, it may still be
possible for the processor to identify the heavy rain and filter the data, allowing the lidar data to
be used in conditions in which it otherwise would not function properly (Wang et al., 2013;
Filgueira et al., 2017; Goodin et al., 2019).
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The differences in electromagnetic spectrum ranges, shown below in Figure 6, help to
demonstrate the sensor technology complexity and the differences between how a sensor “sees”
as compared to how a human driver sees the driving environment. Some of the standards have
requirements based on measures of human visual performance; however, the measures for sensor
capability are not the same. According to basic physics, the electromagnetic spectrum is the
range of frequencies of electromagnetic radiation and their respective wavelengths
(wwwl.phys.vt.edu). The human driver can only see in the visible range of the electromagnetic
spectrum (i.e., from 430 to 750 THz or wavelengths of 400 nm to 700 nm). Current technologies,
such as cameras, radars, lidars, and ultrasonics can cover a wider spectrum range. Specifically,
short-range radar sensors have typically used 24 GHz, classified as super high frequency in the
millimeter wave range. Sensors operating in narrow and wide bands available around the 77 GHz
and 79 GHz frequencies, classified as extremely high frequency, are being used for short-range
radar and long-range radar applications. This range provides advantages in performance and
sensor size. Automotive lidar typically uses 905 nm and 1550 nm, classified as “infrared” (IR)
from 300 GHz to 300 THz (1 mm to 1 micrometer wavelengths). Most cameras used in
automotive applications have sensor arrays that are sensitive to wavelengths from 400 to 1,000
nm, which encompasses the visible spectrum classified as “visible” from 430 to 750 THz (400
nm to 700 nm wavelengths). Therefore, the measures used to perform the technical translations
may not be the same as measures used for a human driver. Understanding the electromagnetic
spectrum for the anticipated ADS-DV sensor technologies provided important background for
approaching the technical translations.

Frequency 10’ 10° 10° 10"
—Hz T T T T

Region Microwaves THz

Wavelength 10?
R Interaction nuclear electron molecular outer outer inner nuclear
1 spin spin vibration electron & electron
1 meV =8,0655cm ~ & inner
1THz = 33.3547 cm -1 rotation electron
Example Industries: Radio Radar Optical Medical  Astrophysics
Communication Communications Imaging

Figure 6. Electromagnetic Spectrum

The visibility-related measures (e.g., distance and resolution) for an ADS to respond
appropriately to a scenario, such as an unexpected obstruction, may differ from the measures
(e.g., distance and resolution) needed by a human driver to respond. For the purposes of this
research, providing technical translation options for visibility-related requirements in the
FMVSS standards may provide some initial measures for sensors perceiving the environment.
Future research that considers ADS responsiveness instead of treating visibility separately from
performance requirements may be of benefit.

While the crosscutting themes depicted in Table 2 earlier in this report helped to provide
consistent technical translation approaches for both the Volume 1 and Volume 2 standards, each
standard addresses a unique crash avoidance safety area and may result in some differences in
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the technical translations. The technical translation summary and considerations for each of the
Volume 2 crash avoidance standards are provided in this chapter.

Test Procedures

The approach used in the Volume 1 standards was applied to the Volume 2 standards. Thus,
many of the same considerations identified for the six 100-series FMVSS covered during
Volume 1 research apply to the Volume 2 standards with similar functionalities. For example,
the speed control demonstrated during Volume 1 research applies to standards such as FMVSS
No. 103, which specifies engine speed constraints for vehicles that use an engine-coolant-based
heat exchanger. Similarly, the engine speed control for FMVSS No. 124 also applies. However,
engine speed control is unique in that it provides requirements for the return of the vehicle’s
throttle to idle position when the actuating force is removed or in the event of a failure. NHTSA
has previously investigated how this applies to modern electronic and electrically controlled
vehicles, but its application is particularly relevant for ADS-DVs where there is likely no
mechanical system component nor any throttle-specific components in which to introduce a
fault. Consequently, though the functionalities required by the standard and associated test
procedures have been demonstrated, broader applicability to modern vehicles’ accelerator
control systems are not addressed in this project. In the case of FMVSS No. 110, the braking
requirements will be considered more directly during the evaluation of FMVSS No. 135 and will
also leverage current and previous research for additional functionalities.

FMVSS No. 111 was established based on a human driver’s need for information regarding the
surrounding environmental through “indirect vision.” It is likely that the need for indirect vision
of the surrounding environment is different for an ADS, and they way that compliance is verified
may depend upon the type of perception sensor used. As discussed briefly in Chapter 2, the test
procedures and methods may be influenced by factors that are based on the vehicle design. For
example, if the current test target configuration remains, then testing for radar-based sensors may
require some minimum processing of the data to verify compliance, whereas a vision-based
system may not require any processing. A research team member with an ADS-equipped
research vehicle implemented a test to demonstrate a potential means for perception sensor
verification. This is discussed further in Appendix G.

FMVSS No. 126 provided the opportunity to investigate an additional subset of the steering
control functionality associated with specific steering system input requirements. The standard
itself contains most of the test procedures and presents a unique scenario where the inputs are
based on a precise manipulation of a control—the steering wheel—which does not exist in ADS-
DVs. Therefore, the primary focus for the Volume 2 research was applying the test procedures
associated with FMVSS No. 126 to demonstrate how compliance verification might be
accomplished via the different proposed test methods. This is discussed in more detail in Chapter
5: Test Method Evaluation Findings.

Summary of SME Open-ended Input

Additional SME input resulting from discussion questions can be generalized into the following
three areas: (1) Many of the SME reviewers mentioned that NHTSA could consider adding a
new category/class of vehicles (i.e., vehicles certified as being capable of being operated by an
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ADS without manually operated controls) instead of making changes to the current standards
applicable to conventional vehicles; (2) Several emphasized the importance of using, in this
project and, when appropriate, the terms and definitions (e.g., ADS, DDT, ODD) from Surface
Vehicle Recommended Practice J3016 (SAE International, 2018) as part of the technical
translation options; and (3) Input outside of the project’s scope was also provided. For example,
several SMEs mentioned deleting or updating outdated requirements in the FMVSS, and
presenting new requirements associated with an ADS in response to the regulatory information.

Standards Incorporated by Reference

As noted in Chapter 2 of this report, documents incorporated by reference were reviewed as part
of the technical translation effort. Between the regulatory text and the test procedure, all Volume
2 research 100-series standards refer to documents created by an external organization, with the
exceptions of FMVSS Nos. 113 and 124. Two documents, SAE J902 1964 and SAE J941 2010
(and 1965), were assessed as a 2 (i.e., limited research may be beneficial). These assessments are
discussed further in the sections relating to FMVSS Nos. 103 and 104.

FMVSS No. 101: Controls and Displays

“This standard specifies performance requirements for location, identification, color, and
illumination of motor vehicle controls, telltales and indicators™ (S1).

“The purpose of this standard is to ensure the accessibility, visibility, and recognition of motor

vehicle controls, telltales and indicators, and to facilitate the proper selection of controls under

daylight and nighttime conditions, in order to reduce the safety hazards caused by the diversion
of the driver's attention from the driving task, and by mistakes in selecting controls” (S2).

Technical Translations

This FMVSS ensures that information is provided to human drivers in a visible manner. While
an ADS certainly needs information about the vehicle’s status (e.g., the ADS may need to
“know” if the ESC has malfunctioned and if the oil pressure is low), methods to satisfy all
possible ADS informational needs are different than the visual means (e.g., color, contrast,
symbols) of conveying information required in FMVSS No. 101. Therefore, the overall technical
translation approach is to clarify that this standard is for the human driver. Some of the
information that is currently communicated to the human driver might be safety-relevant or
maintenance-related—rather than comfort/convenience features—for occupants in the absence of
a human driver inside the occupant compartment. However, it is not clear whether all of the
requirements of FMVSS No. 101 should apply to non-driving occupants. (See Appendix C for
the tables from FMVSS No. 101.)

Therefore, a technical translation option is included for which manufacturers may have to present
information to occupants if some of the information is safety-relevant (i.e., not related to
convenience or comfort). Information communicated to the ADS could potentially be a part of
the FMVSS No. 101 technical translation covering its presentation/delivery to the ADS. The
information presented/delivered to the ADS was considered in the test methods to confirm that
the information is accessible to the ADS. This is comparable to the visual confirmation
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performed as part of the compliance verification process for the information presented to the
human driver in conventional vehicles. This will be discussed further in Chapter 5.

Potential Considerations

FMVSS No. 101 is an “if equipped” standard (i.e., the standard applies if the vehicle is fitted
with the identified controls, telltales, or indicators). As mentioned in the purpose section of the
standard, a goal is to provide appropriate accessibility, visibility, and recognition to minimize
safety problems caused by a human driver’s inattention and mistakes. Therefore, if an ADS-DV
does not have a control, telltale, or indicator identified in Tables 1 or 2 from the FMVSS No. 101
standard (see Appendix C)—many of which are not mandated by another standard—the
requirements would not apply.

The information presented to the driver pursuant to FMVSS No. 101 assumes certain minimal
requirements for a person to hold a driver’s license, such as minimum age and vision
requirements. Presenting information to ADS-DV occupants might require assumption of a
different minimal level of understanding and might also account for visual and auditory
limitations and other impairments (i.e., defining who is a competent ADS-DV user or occupant).
Other aspects, such as the required location of controls, telltales, and displays, might need to be
reexamined.

The discussion and analysis presented in the Controls, Telltales, and Indicators section of
Chapter 2 in the Volume 1 report, and expanded on in the current report as part of the Controls,
Telltales, Indicators, Labels, Markers, and Auditory Alerts section in Chapter 2 represents an
effort to address these issues, which include information communicated to ADS-DV occupants,
how the information may be presented, and where it might be presented. Some examples are: at
the left front DSP (as is the case in conventional vehicles), at one or more DSPs to be specified
by the vehicle manufacturer, at all DSPs, or at an occupant compartment maintenance panel.
That analysis describes 10 potential options for presenting such information in an ADS-DV.
Additional research could be conducted to determine which of those options would be most
appropriate, as well as to determine the appropriate location(s) for those displays.

Test Procedures

There are no specific test procedures identified in FMVSS No. 101, and compliance is assessed
through visual inspection. However, the functionality of several of the telltales specified in the

standard’s Table 1 (see Appendix C) is addressed in other standards, such as FMVSS Nos. 114
and 138 (Volume 1 report).

Potential Considerations

The ADS might need most, if not all, of the information in order to operate the vehicle safely. As
discussed in the Volume 1 report in the context of FMVSS No. 138, in order to confirm that all
relevant information is communicated to the ADS (e.g., by electronic means) in a timely manner,
a test procedure would need to be developed. As part of the project’s scope, such a test procedure
would only confirm that the information is communicated to the ADS; it would not evaluate
what the ADS would do with the information. This is consistent with the approach taken in
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FMVSS No. 101, which requires that information be presented to the human driver but does not
regulate how the driver reacts to that information.

Stakeholder and SME Review Input

Stakeholders and SMEs mentioned the need for a broader definition of “driver” that incorporates
remote human drivers, who may potentially use some of the identified controls or need to be
aware of the information conveyed by select telltales or indicators. However, remote human
drivers are not within the current scope of this project. SMEs also noted the potential need for
ADS information prioritization, which is also considered outside of the scope of the current
project. Some comments were related to the information presented to occupants, noting that there
is a potential for gestures as well as other novel ways to implement controls that might not
necessarily involve manual or physical activation, such as using voice activation instead of a
button. In terms of occupant needs, a possible need was identified for presenting a standardized
telltale to identify an ADS-DV (i.e., no retractable manually operated driving controls available
for dual-mode use).

Standards Incorporated by Reference

One reference, SAE J826 2015, was implied by the mention of manikin H-point in S5.3.4. No
technical translation was deemed as potentially needed if this FMVSS text was to implement
Potential Set 1 or 2 of the driver’s DSP definitions. The implementation of the driver’s DSP
Potential Set 1 or 2 would clarify that the manikin H-point reference applies to a vehicle seating
position that is unique to the human driver and, thus, SAE J826 2015 may not be a regulatory
barrier.

FMVSS No. 103: Windshield Defrosting and Defogging Systems

This standard “specifies performance requirements for windshield defrosting and defogging
systems” (S1).

Technical Translations

While 49 CFR §571.103 does not contain a stated purpose for the standard, the research team
believes the primary safety concern that this FMVSS is meant to address is the increased risk of
crashes due to the presence of frost or fog on the windshield, which can impair a human driver’s
forward visibility. Because the ADS is not expected to perceive the environment in the same
way, it may not need the area of interest in the windshield to be clear analogous to a human
driver. Typically, the sensors that an ADS uses to perceive the driving environment are
positioned in multiple locations around the vehicle, with few sensors located behind the
windshield (see sensor discussion under Potential Considerations section under this chapter’s
Overview). Therefore, the emphasis for the technical translation is to clarify that this standard
applies only to vehicles operated by a human driver (Options 1-3, Appendix B).

Option 4 presents an “if equipped” option for ADS-DVs. To explain further, if a manufacturer
chooses to provide a defrost/defogging system, it will need to comply with the existing standard.
The research team did not pursue options that might account for potential sensor systems placed
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behind the windshield based on findings from the literature review and the results of the
VSSA survey.

Potential Considerations

Although the term “windshield” is used frequently throughout the FMVSS, the term is not
defined anywhere in NHTSA’s standards. For its analysis, the research team understood the term
to refer to the glazing material directly in front of the driver in the forward direction of travel
Under the current standard, certain specified areas of the windshield (identified as Area “A” and
Area “C” [driver’s side] in Figure 7) are required to be cleared of frost and fog under specific
conditions within a specified time period after the vehicle is started, so that the human driver can
see through the windshield while performing the DDT. As revealed by the literature review and
VSSA survey conducted by the research team, the cameras and sensors that an ADS uses to
perform the DDT are often mounted in locations that do not require visibility through Areas A
and C. Thus, being able to clear those areas of frost or fog may not improve the ADS’s ability to
perceive the environment. Therefore, the technical translation options do not account for the
potential placement of sensors such as cameras in Areas A and C. Moreover, the research team
believes that there are types of obscuration other than frost or fog that may have a greater impact
on ADS cameras’ and sensors’ perception (e.g., the accumulation of snow in a sensor opening).
Further considerations to help ensure that sensors have a clear view beyond Areas A and C may
be of benefit.

TYPICAL LOCATION OF AREAS ‘A" AND ‘C’
AS VIEWED FROM INTERIOR OF VEHICLE

CENTERLINE
OF WINI?SHIELD

IIII[fffEE{E?ifEffff]IIIIIH

Figure 7. Areas of Interest for FMVSS No. 103 (NHTSA, 1996)

Note that ADS-DVs could include vehicles used for delivering goods that might not be used for
occupants at any point. If these vehicles are close to what was designated as a First Generation
ADS-DV Concept in the Volume 1 report (Blanco et al., 2020), they could potentially have a
window resembling a windshield, but would not transport occupants.

Test Procedures

The current test procedure for this standard is focused on the areas of the windshield where
visibility for human drivers is needed. Based on the findings from the literature review and
VSSA survey results, the research team believes that the sensors needed for an ADS-DV may not
need to perceive the environment through those areas of the windshield (Options 1-3). The
research team has developed an “if equipped” option for an ADS-DV (Option 4), which provides
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an alternative for testing procedures by introducing the pattern designed by the manufacturer.
This language was extracted from SAE Recommended Practice J902 (1964), which is
incorporated by reference in other portions of this and other FMVSS.

Potential Considerations

The current test procedures use related industry practices (i.e., vehicle packaging metrics) such
as eyellipse (SAE J941 2010) and H-point (SAE J826 2015) that assume the vehicle is operated
by a human driver and that the DSP of interest will be facing the windshield. Therefore,
instances in which defrost/defog systems are available for an ADS-DV might require updates in
the test procedure and metrics in order to use other ADS-DV-relevant metrics. FMVSS No. 104
uses a pattern designated by the manufacturer for multipurpose passenger vehicles, trucks, and
buses (FMVSS No. 104 S4.2.2). A similar approach could be considered for passenger cars in
FMVSS No. 103 (Option 4 in Appendix B).

Another option could investigate a test procedure for FMVSS No. 103 that uses alternate non-
driver-based metrics. To explain further, the current FMVSS No. 103 Area C is established in
accordance with FMVSS No. 104. This last standard suggests using Figures 1 and 2 of SAE
J903a (1966), which are driver-based. The referenced figures in the SAE recommended practice
are based on a 95th percentile eye range contour. Additional technical translation options could
be developed that consider the potential for sensor systems that are placed behind the windshield.

Stakeholder and SME Review Input

Similar to other FMVSS where visibility is the main focus, SME and stakeholder input suggested
a new and separate FMVSS to address ADS visibility issues.

Standards Incorporated by Reference

Three standards are incorporated by reference: SAE J902 1964, SAE J902a 1967, and one
mention of W3 and W7. If, as discussed above, the standard is considered applicable to a human
driver’s visibility needs, then none of the references present any regulatory barriers. However, if
compliance testing were required for ADS-DVs (e.g., visibility for Area A), a set of
measurements that depend on the manually operated driving controls could be seen as a barrier.
Aspects such as H-Point and eyellipse pattern were developed by SAE, taking into account the
presence of a human driver and manually operated driving controls. Therefore, translation
options that allow “the pattern designated by the manufacturer” (similar to language present in
current FMVSS No. 104 S4.2.2) instead of fixed areas (e.g., Area A, Area C) determined by
human driver metrics might be more appropriate.

FMVSS No. 104: Windshield Wiping and Washing Systems

This standard “specifies performance requirements for windshield wiping and washing systems”
(S1).
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Technical Translations

Similar to the windshield defrosting and defogging systems (FMVSS No. 103) technical
translations discussed above, the focus of this FMVSS (based on the research team’s technical
translation development process outlined in the Volume 1 report) is the need to provide the
human driver adequate forward roadway visibility under conditions that would otherwise
obscure vision through the windshield. The presented options treat this as an “if equipped”
standard for an ADS-DV, meaning that if the manufacturer chooses to provide these systems,
they will need to comply with the existing standard. Aligned with the approach taken for FMVSS
No. 103, the research team did not pursue an option that considered sensor systems placed
behind the windshield. Based on the literature review findings and VSSA survey results, it is not
anticipated that sensors used by the ADS will be located in the windshield wiping and

washing areas.

Potential Considerations

Although the term “windshield” is used frequently throughout the FMVSS, the term is not
defined anywhere in NHTSA’s standards. For its analysis, the research team understood the term
to refer to the glazing material directly in front of the driver in the forward direction of travel.
Further research may be beneficial to quantify obscuration and the potential impact on sensors.

Test Procedures

The current test procedure for this standard is focused on the areas of the windshield where
visibility for human drivers is needed. Therefore, there are no technical translations for Options
1-3 for the test procedures. This is based on the expectation that the sensors will not be located
in the regulated areas of the windshield (per the literature review findings and VSSA survey
results. Option 4 considers an approach that is currently used for multipurpose passenger
vehicles, trucks, and buses (using a pattern designated by the manufacturer; FMVSS No. 104
S4.2.2), which could be applied to ADS-DV passenger car test procedures.

Potential Considerations

The current test procedures use related industry practices (i.e., vehicle packaging metrics) such
as eyellipse (SAE J941 1965) and H-point (SAE J826 2015) that assume the vehicle is operated
by a human driver and that the DSP of interest will be facing the windshield. Therefore,
instances where windshield washing and wiping systems are available for an ADS-DV may
require updates in the test procedure and metrics in order to use other ADS-DV-relevant metrics.
Further research could explore options for a test procedure for FMVSS No. 104 that considers
alternate metrics (non-human-driver-based). If desired, technical translation options that consider
the potential for sensor systems that are placed behind the windshield could be developed.

Stakeholder and SME Review Input

Similar to other FMVSS where visibility is the main focus, SME and stakeholder input suggested
that a new and separate FMVSS might be needed for an all-encompassing ADS visibility.
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Standards Incorporated by Reference

Seven standards are incorporated by reference. If, as discussed above, the standard is considered
to apply to a human driver’s visibility needs then none of the references may be seen as a barrier
However, if other options are considered as the key reference points instead of those in Figures 1
and 2 from SAE J903a 1966, alternate metrics (non-driver-based) might be needed to
accomplish the calculations. These alternate metrics might be more appropriate for non-human-
driver-based standards given that current standards cite SAE J941 1965 for 95 percent eye range
contour and SAE J826 2015 for the H point in order to calculate the area of interest. These SAE
standards are focused on human driver needs and reference points.

FMVSS No. 110: Tire Selection and Rims and Motor Home/Recreation Vehicle
Trailer Load Carrying Capacity Information for Motor Vehicles With a GVWR of
4,536 Kilograms (10,000 Pounds) or Less

The standard establishes requirements “for tire selection to prevent tire overloading and for
motor home/recreation vehicle trailer load carrying capacity information” (S1). This standard
was upgraded to address portions of the Transportation Recall Enhancement, Accountability, and
Documentation (TREAD) Act of 2000, which required the agency, among other things, to
improve public awareness regarding the importance of adhering to a vehicle’s tire load limits and
maintaining proper tire inflation levels for safe vehicle operation.

Technical Translations

The technical translations for FMVSS No. 110 focused on two aspects of the standard: (1)
placard location and content and (2) vehicle normal load on the tire.

Placard Location and Content

Among other things, FMVSS No. 110 specifies requirements for a placard that is permanently
affixed to each motor vehicle. The placard contains information about vehicle capacity weight,
designated seating capacity, and information regarding the tires and loading. Under the current
standard, the placard generally must be affixed to the driver’s side B-pillar as shown in Figure 8.
If the vehicle does not have a B-pillar, and under certain other circumstances, other locations are
allowed, such as the rear edge of the driver’s side door.
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ORIGINAL SIZE | COLD TIRE PRESSURE
| FRONT [ P235/65R18  H |  240kPa, 36 PS|
PR3SIGSR18  H | 2404Pa, 35PSI
NONE __NONE___

Figure 8. Placard Tire and Loading Information

FMVSS No. 110 references the driver’s side areas (e.g., B-pillar) to establish a standard location.
The “driver’s side” reference could be addressed by using “left, front door,” “left side,” or by
creating a new reference framework from a standard point in the vehicle such as the location of
the Vehicle Identification Number (VIN) to provide a consistent placard placement. The option
to develop a new frame of reference associated with the VIN is shown in Figure 9 below.

~\
\

A\

Figure 9. Placard VIN Frame of Reference Location Option

The VIN frame of reference would locate the placard on the second pillar aft of the VIN plate (or
label) and on the same side. One of the considerations for this option is bidirectional vehicles.
With the assumption that bidirectional vehicles are addressed as discussed in the Volume 1
report—to clarify: standards shall apply to bidirectional vehicles in both directions of travel—
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retaining the reference to the left side B-pillar may require the placard to be affixed in two
locations. There is a potential for the tire pressure information to differ from front to rear, and
with two labels, the front and rear would differ depending on side. The VIN frame of reference
would allow manufacturers to use the VIN location to determine placement of the placard in the
vehicle, which may help provide one consistent location to obtain the information. The VIN
location was used as one possible reference point example but other reference points could be
used.

The technical translation also considered the placard content, as shown in Figure 8 above. The
placard contains information regarding the front and rear seating capacity as well as the size and
pressure of the front and rear tires. In general, the reference to front and rear is not a regulatory
barrier for ADS-DVs. However, in a bidirectional ADS-DV, the front and rear seating capacities,
tire sizes, and tire pressures may not be equivalent. One option could be to translate “front” and
“rear” to “Front A-B” and “Rear C-D” specifically for vehicles with bidirectional operation or
for all vehicles, as shown in the placard reference location option in Figure 10.

TIRE AND LOADING INFORMATION
(SEATING CAPACITY | TOTAL 5 i FRONTA-B 2 | REARCD 3 )

The combined weight of occupants and cargo should never exceed 479 Kg or 1057 Ibs.

f SEE OWNER’S MANUAL FOR
TIRE | ORIGINAL SIZE | COLDTIRE PRESSURE | noyrional “INFORMATION

FRONTA-B| P235/65R18 H| 240 KPA, 35 PSI /"\
VIN

REARCD | P235/65R18 H| 240 KPA, 35 PSI ;j
| SPARE | NONE NONE AR D

hL O

Figure 10. Placard Reference Location Option

If combined with the option for the VIN frame of reference concept, the placard or owner’s
manual could include a picture that describes Front A-B and Rear C-D. Figure 10 shows an
example of how the placard could be modified to incorporate the reference location concept.
This approach could also be applied to the manufacturer’s tire inflation pressure label option that
is shown in Figure 8 of the FMVSS No. 110 standard.

Vehicle Normal Load on the Tire

FMVSS No. 110, S4.2.2.3 specifies the maximum “vehicle normal load” on each tire. The
vehicle normal load on a tire is determined by distributing to each axle its share of the curb
weight, accessory weight, and normal occupant weight and dividing by two. FMVSS No. 110
includes a table, provided in this report as Table 6, which assumes a typical seating pattern in a
unidirectional vehicle with manually operated driving controls. As shown in the table, the
assumption is that if there are two occupants, they would sit in the front seats, with one
additional occupant in the second row of seats, and so on, based on the vehicle’s designated
seating capacity. The table doesn’t explicitly state, but does refer to, “row” in the context of the
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second seat because at the time the table was developed, most, if not all, vehicles had bench
seats. Today, “second seat” is understood to mean second row when no bench seats are available.

Table 6. Occupant Loading and Distribution for Vehicle Normal Load for Various
Designated Seating Capacities (FMVSS No. 110 Table 1)

Cl;esgfﬁat?uslz;t;:(g) f Vehicle Normal Load, Occupant Distribution in a
pacity, Number of Occupants Normally Loaded Vehicle
Occupants
2 through 4 2 2 in front
5 through 10 3 2 in front, 1 in second seat
2 in front, 1 in second seat, 1 in
11 through 15 > third seat, 1 in fourth seat
2 in front, 2 in second seat, 2 in
16 through 22 7 third seat, 1 in fourth seat

There is limited data on occupant seating patterns in ADS-DVs; thus, these may not be the
typical seating patterns for such vehicles. As a practical matter, it may be necessary to retain the
FMVSS No. 110 table until more is known about occupant seating patterns in ADS-DVs.
However, there may be methods for determining vehicle normal loads on any given tire
considering seating capacities which are not based on seating position. Research on this topic is
discussed further in the Potential Considerations section below.

Potential Considerations

As noted, there remain unanswered questions about typical ADS-DV seating patterns. Will the
front, left DSP still be occupied for every trip? How will occupant distribution normal loading be
determined for unconventional seating (e.g., “campfire” seating)? For an ADS-DV ride-share
application, would a single occupant sit in the rear, right side of the vehicle? In the U.S., vehicles
drive on the right side of the road, making the right side of the vehicle the side that may be
closest to a building or sidewalk. Research may be needed to better understand the potential
ADS-DV occupant seating patterns. Furthermore, there may be benefit to research into
developing new methods for maximizing the normal load on a given tire that do not assume a
typical seating pattern. The result of this research could be an updated table for unconventional
seating patterns or may be the development of an additional vehicle test that experimentally
determines the maximum tire loading for the associated seating capacity.

Test Procedures

Most of the test procedures for FMVSS No. 110 could be addressed based on the technical
translations completed for the standard that were discussed in the FMVSS No. 110 Technical
Translation sections. However, there is one provision that requires general driving, speed control,
service brake application, and ignition start/stop functionalities—S4.4.1(b) specifies that in the
event of rapid loss of inflation pressure with the vehicle traveling in a straight line at a speed of
97 km/h (60 mph), the rim must retain the deflated tire until the vehicle can be stopped with a
controlled braking application. The test methods being developed and evaluated for FMVSS
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No. 126 are applicable to this test. Additional research might also help to further develop the
specific test procedure for S4.4.1(b) in the ADS-DV context.

Potential Considerations

With regard to FMVSS No. 110 provision S4.4.1(b), it is understood how an experienced human
test driver would perform this test to verify that the vehicle achieved the stop condition under
controlled braking. The OVSC test procedure provides an additional test protocol: “upon initial
release of air, bring the vehicle to a stop using the most rapid constant deceleration rate
attainable not exceeding 2.5 m/sec? (8 ft/sec?) with no wheel skid.” In evaluating an ADS-DV, it
may be difficult to isolate the ADS’s behavior without further defining controlled braking for
this type of vehicle (e.g., lateral deviation from a straight path). Further research aimed at
defining controlled braking performance metrics specific to an ADS-DV may be of benefit to
translating the test procedure.

Stakeholder and SME Review Input

Opinions were mixed on the potential need to consider bidirectional operation. Some SMEs and
stakeholders commented that the standard’s specified normal occupant weight of 68 kilograms
needs to be updated to represent the weight of the current average American. This aspect was
beyond the project scope and was not considered. With regard to the standard’s Table 1, most
agreed that it would need to be modified to accommodate unconventional seating designs or
configurations in ADS-DVs.

Standards Incorporated by Reference

The single reference, ASTM E29-06b, “Standard Practice for Using Significant Digits in Test
Data to Determine Conformance with Specifications” (2006) is incorporated by reference in the
OVSC test procedures for rounding measurement and was not found to have any barriers.

FMVSS No. 111: Rear Visibility

This standard specifies requirements for rear visibility devices and systems. Sections of the
standard were promulgated to implement a Congressional mandate, the Cameron Gulbransen
Kids Transportation Safety Act of 2007. The purpose of the standard “is to reduce the number of
deaths and injuries that occur when the driver of a motor vehicle does not have a clear and
reasonably unobstructed view to the rear” (S2).

Technical Translations

A human driver’s capability to see what is behind the vehicle is limited by the vehicle’s daylight
openings (e.g., windows) and the driver’s ability to turn their head. FMVSS No. 111 specifies
performance requirements for mirrors and rearview image systems to help the human driver have
a clear and reasonably unobstructed view to the rear. The rear visibility requirements specified
for passenger cars include the following:
e [nside rearview mirror: A mirror of unit magnification (as defined in S4 of the standard)
with specified FOV [field of view] requirements measured from a projected eye point
based on the reference points specified in FMVSS No. 104 or a nominal location
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appropriate for any 95th percentile male driver. The mounting requirements for the inside
rearview mirror include a stable support, adjustability, and head impact specifications.

e Driver’s side outside rearview mirror: Must be of unit magnification. The mirror needs
to meet specified FOV requirements measured from a projected eye point, again with a
reference to FMVSS No. 104 or a 95th percentile male driver. This mirror also needs to
have a stable mounting, adjustability, and no sharp points or edges that could contribute
to pedestrian injury.

o Passenger’s side outside rearview mirror: If the inside mirror does not meet FOV
requirements, an outside mirror of unit magnification or convex mirror is required on the
passenger’s side. The passenger’s side outside mirror needs to have a stable mounting,
adjustability, and no sharp points or edges that could contribute to pedestrian injury.

e Mirror construction: These requirements cover the reflectance of the mirror.

e Rearview image.: Required pursuant to S5.5. The rearview image needs to meet a
specified FOV. There are requirements related to size, response and linger time,
deactivation, default view, and durability.

Multipurpose passenger vehicles, low-speed vehicles, trucks, buses, and school buses with a
gross vehicle weight rating (GVWR) of 4,536 kg or less can either meet the passenger car mirror
requirements or provide outside mirrors that meet certain specifications. They also need to meet
the same rearview image requirements. Additionally, FMVSS No. 111 specifies mirror
requirements for heavier vehicles, school buses, and motorcycles. The school bus requirements
include specifications for forward visibility.

As discussed in the Overview section of Chapter 3, it is expected that ADS-DVs would rely on a
variety of sensors to perceive the surrounding environment and perform the DDT. Most likely,
ADSs will use multiple sensors such as lidars, cameras, radars, and ultrasonics to provide a clear
and unobstructed view to the rear of the ADS-DV. The sensor data could be fused to provide the
most reliable and robust estimation of the state of the environment (Castanedo, 2013).
Translating FMVSS No. 111 for ADS-DVs may ensure that the ADS is provided “a clear and
reasonably unobstructed view to the rear.”

Completing the technical translations for FMVSS No. 111 may require additional research. As
explained further in the FOV section, some of these requirements refer to the driver’s “projected
eye point” and, without additional research, technical translation options cannot be provided.
Additionally, due to the potential sensor complexity, the test methods for verifying compliance
may not be straightforward. However, some alternative test method concepts were developed and
reviewed with stakeholders.

Fov

Current FMVSS No. 111 FOV requirements for mirrors are specified on the basis of the
eyellipse and assume the adjustability of the mirrors and little or no obstruction. In some cases,
research could assist in determining how to identify the FOV requirements applicable to ADS-
DVs. For example, current requirements for the inside rearview and driver’s side outside
rearview mirror specify visibility based on a driver’s eye point location (see Figure 11, left and
center). In other cases, such as for vehicles with a GVWR of 11,340 kg or more, current mirror-
based requirements refer to providing a driver with a “view to the rear along both sides of the
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vehicle,” using a mirror with no less than 323 cm? of reflective surface. School buses require
visibility to the rear along both sides, as well as in front of the vehicle (see Figure 11, right). The
rear visibility FOV requirements define a 10° wide by 20’ long test area within which objects
must be “detectable” according to the test procedures specified in S14.1 (see Figure 12).
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Figure 11. OVSC Laboratory Test Procedures Figures for Vehicles With Manually Operated Driving Controls; Inside (Left)
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(Laboratory Test Procedure for FMVSS No. 111. www.nhtsa.gov/sites/nhtsa.dot.gov/files/documents/tp-111-v-01-final.pdf)
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Figure 12. OVSC Laboratory Test Procedures for Rear Visibility FOV Requirements
(Laboratory Test Procedures for FMVSS No. 111 Rear visibility:
https://one.nhtsa.gov/staticfiles/nvs/pdf/test-procedures/TP-111-V-01-
final.pdf)

Research could be conducted to develop an FOV technical translation based on vehicle
references (e.g., center of the rear wheel) instead of driver's eye reference points, similar to the
current rearview image requirements. The current FOV requirements for mirrors use horizontal
and vertical angles that reflect the extent to which a human driver needs to see the environment.
The dimensions provided in the mirrors could be translated to sensor-based requirements. These
measures could also be considered in terms of sensor specifications such as FOV, range,
resolution, and accuracy.

Response Time

While FMVSS No. 111 does not specifically state this, the mirrors installed in the vehicle are
always “on” and display images with no delays. With respect to rear visibility, S5.5.3 provides
that the rearview image meeting the requirements of S5.5.1 and S5.5.2 of FMVSS No. 111, when
tested in accordance with S14.2, shall be displayed within 2.0 seconds of the start of a backing
event. The response time addresses the system response latency (i.e., the lag—in seconds—in
responding once the system is activated). The response times could vary depending on the
scenario (dynamic and static events). Backing event crashes typically happen at relatively low
speeds with moving targets also moving at relatively low speeds. As mentioned in Perez et al.
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(2011, page 7), “Not surprisingly, the overwhelming majority of backing crashes occurred at
speeds of 5 mph or slower.” Therefore, backing events could have a different response time
requirement as compared to vehicles traveling at higher speeds on highways. While the response
time of an ADS is likely to be instantaneous, expanding response time requirements in S5.5.3
(and S6.2.3) to the sensor used by the ADS to perceive the outside and inside rearview mirrors’
FOV areas—depicted in Figure 11 above—could be considered.

Magnification

The current standard contains specifications for the mirror’s magnification, the reflective surface,
and the rearview image size. These requirements account for the dimensions, size of object, and
distortions. FMVSS No. 111 specifies in S5.1 that each passenger car shall have an inside
rearview mirror of unit magnification. Unit magnification mirror is defined in S4 to mean ““a
plane or flat mirror with a reflective surface through which the angular height and width of the
image of an object is equal to the angular height and width of the object when viewed directly at
the same distance (except for flaws that do not exceed normal manufacturing tolerances). For the
purposes of this regulation, a prismatic day-night adjustment rearview mirror, of which one
position provides unit magnification, is considered a unit magnification mirror.” The unit of
magnification could be translated into dimensions and units from the objects perceived by the
sensors. As an example, a basketball or a construction barrel laying on its side could be used as
an object located within the rearview FOV to assess whether the unit magnification requirement
is satisfied. Sensor specification metrics could be developed to specify the accuracy of the
dimensions. A similar approach could be considered for object size and distortions.

Mounting

FMVSS No. 111 specifies that the mounting of required mirrors shall provide a stable support
for the mirror. Currently, the mirror mounting locations are directly related to the driver’s eye
point. For ADS-DVs, the sensors may not need to be mounted in the same locations; rather, the
ADS could receive the same information that the required mirrors can provide to a human driver,
so that the ADS will be able to drive the vehicle safely. Therefore, having a stable sensor
mounting is important for many of the same reasons as for a mirror mounting.

The current mounting requirements also specify that the mirrors and mountings shall be free of
sharp edges. Translation of these requirements to make them applicable to the sensors that
provide the required information about the view to the rear should be straightforward.

The requirements for the inside rearview mirror consider occupant protection. Specifically,
S5.1.2 states, “If the mirror is in the head impact area, the mounting shall deflect, collapse, or
break away without leaving sharp edges when the reflective surface of the mirror is subjected to
a force of 400 N in any forward direction that is not more than 45° from the forward longitudinal
direction.” It is possible that sensors perceiving the rear view could be mounted in the inside of
the vehicle similar to the inside rearview mirror. Translation of this provision to apply to such
sensors may be straightforward.

The standard specifies that the outside mirrors and mounting should be free of sharp points or
edges that could contribute to pedestrian injury. Translation of these provisions to apply to
sensors that provide information about the view to the rear may also be straightforward.
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Adjustability of the required mirrors is desirable to allow for the fact that human drivers’ eye
positions vary. While some sensors may have adjustability (e.g., GM’s Cruise has articulating
radars), the current adjustment requirements are specific to human driver needs and may not be a
suitable performance requirement for sensors (General Motors, 2018). However, the FOV
performance requirements could indirectly create a need for self-adjustable sensors.

Durability

S14.3 of FMVSS 111 specifies durability tests for external components of the rear visibility
system, which include corrosion (S14.3.1), humidity exposure (S14.3.2), and temperature
exposure (S14.3.3). The external components are mounted on an environmental test fixture. It is
believed that producing the technical translation options for the durability sections of FMVSS
No. 111 would be straightforward. For example, a technical translation option could be
something such as the following: “All externally mounted sensors in an ADS-DV that are used to
meet the requirements of S5.5.1 and S.5.5.2 must meet the durability requirements specified in
S14.3.”

Potential Considerations

The visibility-related measures (e.g., distance and resolution) for an ADS to respond
appropriately to a scenario, such as an unexpected obstruction, may differ from the measures
(e.g., distance and resolution) needed by a human driver to respond.

Performing the technical translation may provide some initial requirements for sensors
perceiving the environment. However, the ADS-DV performance based on these requirements
may be different. For vehicles with manually operated driving controls, information is provided
to the driver for decision-making with the expectation that they will use the mirrors and/or the
rear image to safely maneuver the vehicle. There may be a benefit to researching specific
visibility coverage needed for ADS decision-making to safely maneuver an ADS-DV and
possible methods to evaluate its performance. For example, subsequent research could address
the ADS’s response to the detection of an object within the specified scenario instead of simply
confirming detection. However, regulating ADS response is not within the scope of this project.

Test Procedures

Possible test procedure technical translation alternatives were developed and SME feedback was
captured within the same review period. The regulatory text includes several test procedures used
by NHTSA to verify compliance. There are several provisions that may not be applicable to
ADS-DVs, such as driver’s seat positioning, driver’s eye position, video camera recordings,
manikin testing, head/neck joints, display adjustments, steering wheel adjustments, and image
response time.

The three test method alternatives for ADS-DVs identified by the research team are as follows:
e Alternative A: Vehicle provides raw data output; human test operator interprets the data
to assess whether the required FOV is achieved.
e Alternative B: Vehicle provides x/y coordinates of “detected” objects within the FOV
(requires ADS processing)
e Alternative C: Manufacturer provides external screen to verify FOV coverage
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At this time, it is not known what sensors, or combinations thereof, ADS-DV manufacturers may
use to monitor and detect objects within the FOV covered by this regulation. As such, the
specific approach to determine compliance verification is complex, and multiple sensor
possibilities and sensor advancements may need to be considered. More research may be needed
to further develop test procedures that are applicable to ADS-DVs.

Potential Considerations

Ultimately, the ADS may need to communicate some level of “detection” to enable compliance
verification, as the difficulty in interpreting sensor output by a human operator will vary
depending on sensor type. Research and additional testing with multiple sensor combinations
may provide a better understanding of how best to verify compliance. It is possible that, due to
the sensor combinations that could be used in an ADS-DV, non-vehicle test methods such as
simulation and technical documentation could be explored further (specific to FMVSS No. 111)
to address the potential verification barriers.

Stakeholder and SME Review Input

Most SME reviewers provided feedback that the standard should be applicable only to vehicles
with manually operated driving controls. However, some SME reviewers believed that the
standard could be updated to account for ADS-DVs while maintaining the basic safety intent.
Comments offered during the April 2018 stakeholder meeting were similarly mixed. Some of the
comments were on aspects outside the scope of the project, such as how an ADS should respond
to objects detected within the specified FOV. Currently, the standard regulates information
provided to a human driver, but it is ultimately up to the driver to respond appropriately.

Standards Incorporated by Reference

There were seven incorporated references in both the regulation text and OVSC test procedures.
Neither of the two SAE referenced documents pose regulatory barriers for ADS-DVs since they
pertain to sections that are only relevant for vehicles equipped with manually operated driving
controls. SAE J964 1984 is a “Test Procedure for Determining Reflectivity of Rear View
Mirrors” while SAE J826 1995 specifies manikin requirements pertaining to driver seat
positioning and related measurements. Many of the incorporated references within the OVSC
test procedures would not pose a barrier should an ADS-DV-specific test procedure be
developed. For example, the Standard CIE observer, for human eye perceived colors, would no
longer be necessary for an ADS-DV-specific test procedure. Others, such as ASTM B117-73
may still be included in an ADS-DV-specific test procedure if technical translations are
implemented to address external sensors and not just rearview cameras. At this time, no barriers
were determined for the current test procedure in place for human drivers.

FMVSS No. 113: Hood Latch System

This standard “establishes the requirement for providing a hood latch system or hood latch
systems (S1).” The hood latch system(s) prevents the hood from opening while the vehicle is
moving and obstructing the human driver's view.
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Technical Translations

FMVSS No. 113 was promulgated to assure that a human driver's forward view through the
windshield would not be obstructed by an opened hood. An ADS’s forward view is obtained
through one or more perception sensors, which will most likely be located in multiple areas and
may have the potential for a hood opening to obstruct the sensors’ view. Therefore, the options
include a secondary latch whenever an opened hood could obstruct any sensor used by an ADS
to perform the DDT in a forward motion.

Potential Considerations

The technical translation references sensors used by an ADS, though these are not currently
defined in 49 CFR Part 571. Another possibility for consideration is to use the term “perception
systems used by an ADS,” also not currently defined in 49 CFR Part 571. However, there may be
a benefit to identifying the applicable sensors with more specificity and in a way that is agnostic,
but comprehensive.

Test Procedures

The current standard does not specify a test procedure. NHTSA’s website states that “Visual
Inspection” is used to assess compliance. While a visual inspection presumably could be used to
determine if the sensors used to provide a “forward view” to an ADS would be “partially or
completely obstructed” by an opened hood, there would have to be some way to ensure that the
person performing the inspection could identify which sensors are relevant to the ADS’s forward
view and where those sensors are located on the vehicle.

Potential Considerations

There may be complexity in identifying and locating the applicable sensors, as there is much
variation expected among manufacturers and there could be critical differences in the way those
sensors are implemented into the greater sensor system.

Stakeholder and SME Review Input

Many of the stakeholder and SME reviewers agreed with the technical translation approach and
expressed the view that all front opening hoods that may obstruct a sensor’s view should have a
secondary latch. Some suggested that one possible approach would be to simply require a
secondary latch on all front-opening hoods. Other reviewers noted that ADS-DVs are expected to
have redundancies, so an obstruction of one sensor by an opened hood might not necessarily
imply full obstruction of the forward view.

Standards Incorporated by Reference

No incorporated references.
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FMYVSS No. 124: Accelerator Control Systems

This standard “establishes requirements for the return of a vehicle's throttle to the idle position
when the driver removes the actuating force from the accelerator control, or in the event of a
severance or disconnection in the accelerator control system” (S1).

The stated purpose of FMVSS No. 124 “is to reduce deaths and injuries resulting from engine
overspeed caused by malfunctions in the accelerator control system” (S2).

Technical Translations

FMVSS No. 124 refers to controls that are driver-operated and actions performed by the driver.
Options were provided that used the equivalency between a human and an ADS for the driver,
differentiated between the human driver and the ADS, or generalized inputs to the accelerator
control system by using the passive voice to remove explicit actions or references to the driver.

Potential Considerations

FMVSS No. 124 assumes a mechanical pedal is present for controlling vehicle speed. The
technical translation options provide a means to accommodate both human- and ADS-controlled
vehicles with mechanical components as part of the accelerator control system. S4.2 provides a
definition for electric vehicles, which addresses vehicles that use a motor speed controller in
place of a fuel metering device. However, for an ADS-DV that is an electric vehicle, mechanical
components would not be necessary as a control interface, since the control command would be
sent from the ADS as an electrical signal to the motor speed controller. With this type of system,
no force is applied to the accelerator control system.

Test Procedures

The test procedures provide steps to detect and measure throttle response as well as means to
introduce failures into the system. Functionalities that are required to execute the test procedures
include being able to operate the throttle or motor speed independent of the gear selection (tests
are performed with the vehicle in Park) while the emergency brake is engaged.

The vehicle-based test methods, both human control and programmed, have demonstrated the
ability to execute these functionalities. Executing the test procedures with normal ADS operation
may not be possible given the requirement to increase the commanded acceleration (accelerator
control pedal for human controls) to 25 percent, 50 percent, 75 percent, and 100 percent of wide
open throttle and then suddenly release the input, all with the vehicle remaining stationary.

Potential Considerations

While the OVSC test procedure acknowledges potential unique conditions for electronically
controlled systems in the Performance Test and Example Instrumentation Setup sections, it is
still assumed that there will be a physical part to access, particularly for the introduction of
system severance. If the vehicle is fully electronic, additional methods to introduce equivalent
faults may need to be evaluated based on the individual vehicle design.
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Stakeholder and SME Review Input

Stakeholder feedback focused on the applicability of the standard to a vehicle that has no
accelerator pedal or mechanical linkage, particularly for vehicles that control the speed of an
electric motor through an electric signal. This carried into some comments regarding the
pervasive use of the accelerator pedal in the execution of the OVSC test procedures as well.

Standards Incorporated by Reference
No incorporated references.
FMVSS No. 125: Warning Devices

This standard “establishes requirements for devices, without self-contained energy sources, that
are designed to be carried in motor vehicles and used to warn approaching traffic of the presence
of a stopped vehicle, except for devices designed to be permanently affixed to the vehicle” (S1).

The stated purpose of FMVSS No. 125 is “to reduce deaths and injuries due to rear end collisions
between moving traffic and disabled vehicles” (S2).

Technical Translations

This FMVSS is an equipment standard referenced in other standards (i.e., Federal Motor Carrier
Safety Regulations). This FMVSS contains no barriers to the compliance verification of an ADS-
DV. As such, translation was not performed. However, there is one instance where the word
“driver” is used. Potentially, passive voice could remove the reference to “driver,” if necessary.

Potential Considerations

None.
Test Procedures

The OVSC test procedure for this standard provides the steps for the device to be tested in a
laboratory setting. No barriers are presented in this test procedure.

Potential Considerations

None.

Stakeholder and SME Review Input
None.

Standards Incorporated by Reference

Three standards were incorporated by reference (ASTM B117-64; ASTM E-259; CIE 1931). All
are related to laboratory testing and none present a regulatory barrier.
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FMVSS No. 126: Electronic Stability Control Systems for Light Vehicles

This standard “establishes performance and equipment requirements for ESC systems” (S1). The
stated purpose of FMVSS No. 126 is “to reduce the number of deaths and injuries that result
from crashes in which the driver loses directional control of the vehicle, including those resulting
in vehicle rollover” (S2). This standard applies to vehicles other than motorcycles with a GVWR
of 10,000 pounds or less.

Technical Translations

Since much of the standard assumes the existence of a steering wheel, the technical translation
approach for FMVSS No. 126 focused on vehicles without manually operated driving controls.
Three primary technical translations options were developed that focused on addressing the
reference to a human-controlled steering wheel. Each option is based on an underlying theme for
referencing steering inputs. For Option 1, inputs into the system via the steering wheel have been
translated to refer to equivalent inputs into the steering system. In addition, this option uses an
equivalency between a human driver and an ADS (driver definition 1). For Option 2, new
definitions have been added for “steering wheel” and “steering wheel angle” based on a generic
interface with the steering system, which allows the references to these items to remain as they
currently exist in the regulatory text. This option removes the references to the “driver” or
distinguishes between a human driver and an ADS (driver definition 2). For Option 3, rather than
specifying the independent variable as the input at the front of the steering system, the input is
defined at the road wheel angle (angle of the tires relative to the longitudinal centerline of
vehicle).

Potential Considerations

The current standard uses the steering wheel both to define the input signal and to apply the
input. This standard’s application to vehicles that have no steering wheel is the primary
consideration for this translation. FMVSS No. 126 defines performance criteria for a system’s
output (the vehicle’s yaw and lateral position) in response to given inputs (changes in the road
wheel angle). The primary effect of removing the references to a steering wheel is to alter how
the system inputs are controlled and defined.

The steering wheel provides a control interface to the steering system for a human driver. In the
absence of a steering wheel, a means to control the lateral direction of a vehicle is still required.
Changing the road wheel angle will likely continue to be the primary method employed by an
ADS-DV to steer a vehicle; this will be coordinated by the steering system. This provides two
likely means of defining the steering inputs: either as a steering system input or as steering
system output. Currently, steering inputs are based on the position of the steering wheel, but
conceptually they could be defined at any point in the steering system. By way of example, for a
rack-and-pinion steering system, the vehicle input could be defined as the angular displacement
of the pinion gear, the lateral displacement of the rack, or the road wheel angle. This general
approach can apply to any vehicle that uses mechanical displacement to control the steering of
the vehicle.
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The magnitude and units of the input are a function of the steering system and how the ADS
controls the input into that system. While the current technical translation option provides
possible displacement ranges for road wheel angle, the displacements for other control points in
the steering system may need additional information to allow for efficient testing. The current
test procedures are designed to characterize the vehicle response to a given steering input. This
could be applied over a broader range with smaller step sizes to determine the applicable test
range; however, implementing this could be time-consuming.

A secondary consideration is the control and communication of the ESC system state. Currently,
the standard allows for a means by which the driver can disengage the ESC. It is reasonable to
assume that the ADS may have this ability in an ADS-DV. Communication of the ESC’s state,
particularly during a malfunction condition, falls within the larger discussion of what and to
whom vehicle state information should be provided, as discussed in more detail in the Controls,
Telltales, Indicators, Symbols, Labels, Markers, and Auditory Alerts section presented earlier in
this report as well as in the Controls, Telltales, and Indicators section of the Volume 1 report.

With respect to an ESC malfunction, the technical translation options include communicating the
malfunction state to the ADS. Communication of a vehicle’s malfunction state is beneficial to an
entity responsible for the maintenance of a vehicle regardless of whether the vehicle is an ADS-
DV or not. For the occupant of an ADS-DV, having knowledge of a malfunction state for the
ESC will likely be determined within the broader context of the telltales currently required by the
FMVSS.

Test Procedures

The test procedures are largely specified within the regulatory text itself. The use of driver as a
descriptor or to assign an action was rewritten to be more generic. For example, in the
description of the ESC system, the phrase “...to assist the driver in maintaining control...” was
revised to read “...to assist in maintaining control.”

Since knowledge of the steering system is likely to be beneficial in the execution of the tests, in
section 13.1 of the OVSC test procedures, “ESC System Technical Documentation,” information
regarding “steering inputs” was added.

Testing the functionality of the telltales and the ESC control will be dependent on what
information is required to be provided and to whom. For example, if information about the status
of the ESC must be provided to the ADS, a new test procedure may be required.

Potential Considerations

Since much of the test procedure is defined in the regulatory text, those potential considerations
carry over to the test procedures as well.

Other potential considerations relate to the operation of the vehicle in a manner that it was not
designed to operate. The following provides a list of potential considerations related to this.
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e Though not unique to FMVSS No. 126, localization of an ADS-DV is a
consideration, since the test is conducted on a closed test course which may be
outside the ODD of the vehicle being tested.

e As written, the final test in the sequence requires the SWD maneuver to be initiated at
50 mph to ensure ESC activation on a paved surface. Some ADS-DVs may not be
designed to operate at this speed. A means to confirm proper ESC operation for
vehicles which do not operate at the specified test speed may need to be considered
for these vehicles.

e Stakeholders commented that an ESC system is intended to account for inappropriate
inputs into the vehicle’s steering system, which may result in loss of directional
control, and that an ADS will operate the controls of the vehicle to avoid loss of
directional control within the ODD. Consequently, if the ESC is operated outside the
context for which it was designed, there was a question as to whether the test could
accurately capture the safety intent.

e Related to the previous two considerations, if a vehicle is designed in a manner that it
will not provide a steering input that would induce an instability, the actuator(s) used
for steering the vehicle may not be able to execute the SWD test through the sweep of
steering inputs. The current standard is designed to test the system at the limits of the
population of drivers, even though all drivers may not be capable of providing a
steering input great enough to activate the ESC under test conditions. If an ADS-DV
is designed in an analogous manner, how can the ESC be activated and therefore
tested? Note that this does not address the ESC function when the vehicle is on low
friction surfaces.

Stakeholder and SME Review Input

FMVSS No. 126 was selected as part of the SME evaluation; this process is described in detail in
Chapter 5: Test Method Evaluation Findings.

Standards Incorporated by Reference

ASTM E29-06b, “Standard Practice for Using Significant Digits in Test Data to Determine
Conformance With Specifications” is referenced and is independent of the manner in which data
is collected. The other two ASTM references (ASTM E1337-90 and ASTM E1136-93) are
independent of ADS-DVs and do not present a barrier.
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Chapter 4. Crashworthiness and Occupant Protection Standards

Overview

This chapter summarizes the technical translation options of the crashworthiness and occupant
protection standards covered in Volume 2 research: FMVSS Nos. 207, 208, 210, 214, 216a, 219,
222,225, and 226. The aim of the 200-series standards is to reduce the risk of vehicle occupant
injury in the event of a crash. The goal of this effort was to provide options for translating the
language of each standard to accommodate ADS-DVs while maintaining the current
requirements for conventional (i.e., non-ADS-equipped) vehicles. In addition to the FMVSS, the
associated OVSC test procedures used by NHTSA to verify compliance were reviewed.

The current effort is focused on occupant protection for ADS-DVs with conventional seating.
This includes ADS-DVs with forward-facing seating, but without a steering wheel and pedals.
Unconventional seating configurations, such as rear-facing or side-facing seats, were not
considered. Technical translation assessments were completed to identify potential regulatory
barriers.

Technical Translations

As discussed in the Crashworthiness Key Considerations section in Chapter 2, themes such as
the driver (operator); driver and passenger DSPs; dummy positioning; assumption that the front
row is the preferred seating position; and controls, telltales, indicators, and auditory alerts were
crosscutting themes addressed in the Volume 1 research. The approaches used for the Volume 1
standards were also used in the development of translations for the Volume 2 standards.

Several of the FMVSS 200-series reflect the difference in injury risk between a person seated in
the driver’s DSP and other front-seated occupants due to the presence of steering controls. The
occupant protection provisions of the FMVSS 200-series are associated with the potential
hazards of individual occupant seating positions rather than the role of the occupants seated at
those locations. Part of estimating the potential hazards is the degree of occupant exposure to
harm at each seating position; i.e., some provisions apply to front seats and not rear seats because
fewer people occupy rear seats than front seats, or apply only to the driver’s DSP because in
conventional vehicles the driver’s DSP would always be occupied. FMVSS Nos. 208 and 214
establish requirements for active and passive restraint systems, as well as performance
requirements for anthropomorphic test devices (ATDs) in the front outboard seating positions in
frontal impact crashes and in front and rear outboard seating positions in side impact crashes.

In general, the technical translation options provided included the following: utilization of the
“driver” definition options, use of the terms “left front outboard DSP” or “right front outboard
DSP,” mirroring the right front DSP to the left front DSP for dummy positioning procedures in
ADS-DVs, and use of the term “manually operated driving controls” to ensure the current
requirements apply to ADS-DVs and conventional vehicles in standards related to the presence
of a steering wheel and pedals. These approaches aligned with the options developed to address
the Volume 2 standards.
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In most cases, it was determined that language in the 200-series standards could be addressed
with straightforward clarification, and therefore the regulatory language was assessed as a 0
(assigned in cases when the technical translation was evaluated but not performed) or a 1
(assigned when the technical translation was straightforward).

Potential Considerations

There may be cases where an FMVSS requirement or provision applies to or references the
driver’s seat and is silent with respect to the passenger seat (e.g., a readiness indicator for the air
bag must be visible from the driver’s DSP; see FMVSS No. 208, S4.5.2 and FMVSS No. 226,
S4.2.2). The statement that “all DSPs would be passenger DSPs” does not mean the FMVSS
requirement is unnecessary or nullified. Some technical translation options in the 200-series
standards expand the current requirements of telltales or auditory alerts to ensure occupants
receive safety information, since an occupant may not be seated in the left front DSP in an ADS-
DV.

The current emphasis of certain FMVSS on front-seat occupants (e.g., air bags are required for
front outboard DSPs but not for the rear seats in FMVSS No. 208) was considered during
Volume 2 research. If front and rear seat occupancy rates remain similar between conventional
vehicles and ADS-DVs, the translation of front/rear references is straightforward for
conventional, forward-facing seating, but may need to be revisited for translations involving
rear- or side-facing seating configurations.

While the crosscutting themes depicted in Table 3 earlier in this report helped to provide
consistent technical translation approaches for both the Volume 1 and Volume 2 standards, each
standard addresses a unique crashworthiness area and may result in some differences in the
technical translations. The technical translation summary and considerations for each of the
Volume 2 crashworthiness standards are provided in this chapter.

Test Procedures

Since the crosscutting themes of the test procedures and regulatory language of the 200-series
FMVSS are very similar, the approach used in the Volume 1 standards was applied to the
Volume 2 standards. This included translating vehicle landmarks, such as “driver door” or
“driver side,” mirroring dummy positioning from the right front DSP to the left front DSP for
ADS-DVs, and using “steering controls, if present” to maintain the current requirements for
vehicles while not creating a barrier for ADS-DVs. A 3D measurement device (e.g., FARO)
could be added as an option for ATD positioning in the test procedures rather than requiring the
physical measurement of vehicle landmarks, possibly minimizing the need for some landmarks.
Based on the options provided for translating the regulatory language, additional test procedures
for the telltales and auditory alerts in the 200-series FMVSS may be warranted to ensure they are
visible/audible from the required seating positions and the underlying condition of an air bag,
seat belt warning, or unlatched door is communicated to the ADS.

Rear Seat Testing

Although unconventional seating configurations, such as rear-facing front seats or reclining
seats, are being considered by industry for ADS-DVs, occupant compartment configurations are
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not expected to change much in the near future. Consequently, the focus of Volume 2 research
for the 200-series FMVSS was on vehicles with forward-facing seats. Since, historically,
conventional vehicle front seat occupancy rates are higher than rear seat rates (e.g., there is
always a driver in a front seat), some FMVSS requirements apply only to front seats, and not to
rear seats. The options provided for translating the regulatory language do not extend the current
requirements for the front seats to the rear seats.

Stakeholder and SME Review Input

The comments from stakeholders and SMEs were in general agreement with the options
provided for translating the language of each standard. The consensus was that translations for
conventional seating configurations should be considered first for the crashworthiness standards.
The manufacturers in the stakeholders group felt that the first priority should be removing
regulatory barriers to ADS-DVs in the short-term. Several reviewers mentioned updates that
were outside of the scope of the project, such as deleting or updating outdated FMVSS
requirements, and presented new ADS-associated regulatory requirements.

Standards Incorporated by Reference

As noted in Chapter 2 of this report, documents incorporated by reference were reviewed as part
of the technical translation effort. Between the regulatory text and the OVSC test procedures, all
Volume 2 research 200-series standards refer to documents created by an external organization.
Two documents, SAE J826 and SAE J1100 (years vary), which appear in many of the 200-series
standards, use the term “driver” when referring to sides or seating positions. No technical
translation was deemed potentially necessary if this regulatory text was to implement Potential
Set 1 or 2 of the driver’s DSP definition. This would clarify that this DSP applies to a vehicle
seating position that is unique to the driver and, thus, SAE J826 and SAE J1100 may not be
regulatory barriers.

FMYVSS No. 207: Seating Systems

This standard “establishes requirements for seats, their attachment assemblies, and their
installation to minimize the possibility of their failure by forces acting on them as a result of
vehicle impact” (S1). S4.1 of FMVSS No. 207 requires that “each vehicle shall have an occupant
seat for the driver.”

Technical Translations

Translation options were provided for the “Driver’s seat” requirement in S4.1. One option is to
delete the requirement, as there would always be a seat for a human driver in a vehicle with
manually operated driving controls, whereas an ADS-DV would not include a seat for a human
driver. Another option states, “If manual steering controls are provided, each vehicle shall have
an occupant seat for a human driver.” This option does not use the definitions outlined in
Appendix A. There is also an option to translate “Driver’s seat” to “Driver’s designated seating
position” and to state, “If equipped with manually operated driving controls, each vehicle shall
have a driver’s designated seating position.” This option uses either definition of driver’s DSP—
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either a position providing immediate access to, or one immediately behind, the manually
operated driving controls.

Potential Considerations

None
Test Procedures

Options were provided to translate vehicle landmark terms such as “driver” or “passenger” to
“left (front)” or “right (front),” respectively. There are multiple sections titled, “Front Seat —
Driver Position.” These sections could be translated to either “Front Seat — Driver Position for a
Vehicle with Manually Operated Driving Controls” or “Front Seat — Driver’s Designated Seating
Position.”

Potential Considerations

The dummy positioning procedures include the accelerator pedal as a point of contact. If the
section titles exclude vehicles without manually operated driving controls, no further translation
of the dummy positioning procedure would be necessary. If the option using “Left Side
Occupant Position” is used, further options for dummy positioning procedures may warrant
technical translations for ADS-DVs.

Stakeholder and SME Review Input
None
Standards Incorporated by Reference

There are four incorporated references in the OVSC test procedure for FMVSS No. 207. SAE
J182 2015 and SAE Recommended Practice J383 1986 were analyzed and were not found to
pose a regulatory barrier. SAE Recommended Practice J826 1992 and SAE J1100 2009 may
not be regulatory barriers if Potential Set 1 or 2 of the DSPs and driving controls definitions are
implemented.

FMYVSS No. 208: Occupant Crash Protection

This standard “specifies requirements for the protection of vehicle occupants in crashes” (S1).
The stated purpose of FMVSS No. 208 is to reduce the number of deaths and the severity of
injuries in frontal crashes (S2). FMVSS No. 208 includes a test procedure to ensure vehicles
have frontal/angular protection in the front outboard DSPs that includes both air bags and
lap/shoulder belts.

Technical Translations

Similar to other 200-series standards, the definitions for “driver’s DSP,” “manually operated
driving controls” and “driver” simplify the technical translation process for FMVSS No. 208.
Translation options included translating many references to “driver” or “passenger” to left or
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right side or to left or right front outboard seating position when referring to the occupant
location. Similarly, some options translated “passenger” to “front outboard” to clarify that the
requirements only apply to front row passengers. Some sections referring to the passenger air
bag or passenger seat were translated to apply to any front outboard passenger air bag or seat.
These options consider vehicles that may have two front outboard passenger seating positions
(i.e., vehicles without a driver’s seat).

A “readiness indicator” is required for occupant protection systems that deploy during a crash.
S4.5.2 states that this indicator, “shall monitor its own readiness and shall be clearly visible from
the driver's designated seating position.” The 10 potential options developed during Volume 1
research for technical translation of provisions that specify where or to whom a telltale, indicator,
or auditory alert is directed in ADS-DVs, which are detailed in the Volume 1 report, were all
considered for this requirement. Based on the standard’s requirements and owner’s manual
information regarding the occupant protection readiness indicator, the expected response is to
verify the air bag readiness status and check the label and owner’s manual for steps to address
the telltale warning.

From the 10 Volume 1 research options, the options used for the Volume 2 translations include
displaying the telltale (1) to an occupant in the location currently specified by the standard (i.e.,
the left front DSP) and to the ADS, (2) to all front row occupants and the ADS, (3) to the ADS
and all occupants, and (4) only to the ADS for vehicles without manually operated driving
controls and per the current location for conventional vehicles. Options including all front row
(or all) occupants were selected since the left front DSP may not be occupied or present. The
options that include the ADS were selected so that if a malfunction with the readiness status
occurs, that information could be communicated to the ADS, a maintenance entity, or both. The
warning system required to display “Fasten Seat Belts” or “Fasten Belts” for seat belt assemblies
in S7.3 of FMVSS No. 208 has similar options to communicate the warning to all front row
occupants or all occupants if the left front DSP is not occupied. Since the intent of the warning
system could be to encourage occupants to fasten their seat belts, there are also potential options
to communicate the information only to occupants and not to the ADS. As with other telltales
and alerts, the translations do not specify what actions the ADS should take in response to the
information communicated.

Some provisions of FMVSS No. 208 (e.g., S19.2.2) require a telltale for vehicles equipped with
automatic suppression of the passenger air bag that “emits light when the passenger air bag
system is deactivated and does not emit light when the passenger air bag system is activated,
except that the telltale(s) need not illuminate when the passenger seat is unoccupied.” The
purpose of this telltale is to allow front row occupants to confirm whether the passenger air bag
is deactivated if a child restraint system is placed in the front passenger seat or if a child below a
certain weight threshold is seated in the front passenger seat. The translation options include
communicating the information (1) to all front outboard seating positions, (2) to all seating
positions, and (3) for ADS-DVs, in addition to the current requirements, requiring the telltales to
monitor their own readiness and to communicate the underlying conditions to the ADS.

FMVSS No. 208 has many sections related to dummy positioning for the associated test
procedure. In many instances, references to the passenger dummy could be translated to “any
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front outboard passenger dummy” to account for ADS-DVs, and “the driver and passenger test
dummy” could be translated to “any front outboard dummy.”

Potential Considerations

Some translations would apply the current crash protection requirements (e.g., seat belt
assemblies in S4.4.4.2) for the driver’s DSP to all front DSPs for ADS-DVs. An alternative
could be to allow the manufacturer to select a seat to be equipped with the occupant protection
requirements. For the telltales required by S7.3 and S4.5.2, options were given to display the
information to all front row occupants or all occupants, since there might not be an occupant in
the left front outboard seating position in an ADS-DV. Also, considering rideshare ADS-DVs,
the ignition may be switched to “on” only a few times in a 24-hour period. While initial riders
would receive the warning light, subsequent riders may not receive the light until the ignition is
cycled. Sections referring to the “driver dummy” could either maintain the current language
using the definition that the driver is seated in the left front outboard seating position or refer to a
seating position with direct access to manually operated driving controls.

S19 of FMVSS No. 208 includes requirements to provide protection for infants in rear-facing
and convertible child restraints and car beds. While ADS-equipped vehicles with steering
controls (i.e., dual-mode vehicles) are considered out of scope of this project, they could warrant
additional requirements for suppressing the driver air bag for a 12-month-old Child Restraint/Air
Bag Interaction (CRABI) dummy in the driver's DSP. This would be a special case, as the
passenger air bag currently has requirements for an automatic suppression feature that must
result in deactivation for static tests specified in S20.2 and activation for static tests specified in
S20.3. Tests with a 3-year-old dummy and a 6-year-old dummy could also be included.

The requirement could state that: (1) “Each vehicle that is certified as complying with S14 shall
suppress the driver air bag when a 12-month-old CRABI dummy is placed at the driver's seating
position.” The driver air bag would be suppressed by the same method used for suppressing the
passenger side air bag. Vehicles could alternatively/additionally include a label on the controls
stating, “Never allow a child smaller than X to ride in this seat, with or without a child restraint
device.” Additional research would be needed to assess injury risk with a child or child restraint
seat behind the driving controls, regardless of air bag suppression.

Test Procedures

The test procedure for FMVSS No. 208 is used to determine whether a vehicle meets the
conditions, requirements, and injury criteria as specified in S4, “General requirements,” S14,
“Advanced air bag requirements,” and S7, “Adjustments,” for seat belt assembly systems. The
translations options provided for “Driver” or “Driver Only” were “Left Front Passenger” or
“Driver’s Designated Seating Position” when referring to dummy positioning. Many other
references to driver or passenger could be translated to left or right front (e.g., driver’s seat back
angle, driver door, passenger side, etc.). Sections referring to both a driver and passenger dummy
were translated to either include the left front outboard and right front outboard dummy or driver
and passenger dummy (dummies). The term “passenger dummies” could apply to vehicles
without a driver’s DSP that would have multiple passenger seating positions in the front row.
References to a steering column/wheel assembly were translated to steering controls (if present).
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The translations for the “readiness indicator” in the test procedure are consistent with the
translations provided in the regulatory text. For example, a data sheet in the test procedure of
FMVSS No. 208 states, “Is the readiness indicator (S4.5.2) clearly visible to the driver?” and
includes a pass/fail option. The translation options include the following:

1) Is the readiness indicator clearly visible at the driver’s designated seating position or
any front designated seating position if no driver’s designated seating position is
present?

2) Is the readiness indicator clearly visible at the driver’s designated seating position or
any designated seating position if no driver’s designated seating position is present?

3) Is the readiness indicator clearly visible to the front left outboard seating position?

4) Is the readiness indicator clearly visible to the driver? If there is no driver, is the
information specified in the readiness indicator communicated to the ADS?

Similar to the regulatory text translations, “driver and passenger dummy” could be translated to
“left and right front outboard dummy” or “driver and passenger dummy, or two passenger
dummies, if no driver’s designated seating position is present.” Driver’s side and passenger side
were translated to left (front) side and right (front) side.

Potential Considerations

The center of the steering wheel is used as a reference point in some test sections. If there is no
driver’s DSP, alternative landmarks could be the center of the left front air bag or the left front
outboard head restraint.

One translation option could be to make the test procedure specified in S26 of the regulatory text
applicable only to vehicles with manually operated driving controls. This test involves measuring
steering wheel angles and placing the test dummy in contact with the steering wheel.

Stakeholder and SME Review Input

Commenters agreed that the seat belt warning telltale should be visible to all occupants. Another
topic of discussion was that seat belt interlocks may be appropriate for ADS-DVs when there is
not a driver responsible for seat belt usage (e.g., children riding in an ADS-DV without adults).
Some commenters stated that with a reliable and defeat-free interlock, the requirement for the
unbelted tests need to be given further consideration. Stakeholders suggested that ADS-DVs
might provide more choices for seating positions and that ATDs may be unable to adequately
test and predict injuries in unconventional seating configurations.

Standards Incorporated by Reference

FMVSS No. 208 has eight standards incorporated by reference: SAE Recommended Practice
J211/1 1995, SAE Recommended Practice J383 2014, ASTM E274-65T, ASTM E29-06b,
MIL-S-21711E, and MIL-S-13192P do not pose a regulatory barrier; SAE Standard J826 1980
and SAE J1100 2009 may not be regulatory barriers if Potential Set 1 or 2 of the DSPs and
driving controls definitions are implemented.
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FMYVSS No. 210: Seat Belt Assembly Anchorages

This standard “establishes requirements for seat belt assembly anchorages to ensure their proper
location for effective occupant restraint and to reduce the likelihood of their failure” (S1).

Technical Translations

FMVSS No. 210 was evaluated, but no translations were performed. For ADS-DV's with
conventional seating configurations, the seat belt assemblies will remain present and translations
for the current standard are not necessary. Unconventional seating arrangements may require
further consideration.

Potential Considerations

None
Test Procedures
The test procedure for FMVSS No. 210 was evaluated and translations were not necessary.

Potential Considerations

None
Stakeholder and SME Review Input

S6 of FMVSS No. 210 states, “the owner’s manual in each light vehicle shall include sections
explaining that all child restraint systems are designed to be secured in seats with lap belts or the
lap belt portion of a lap-shoulder belt and that children are safer when properly restrained in rear
seating positions than in front seating positions.” Stakeholders noted that—as with other
information that the FMVSS currently require to be included in the owner’s manual—
information regarding child safety (such as that noted in S6, above) may warrant an alternative
delivery method as ownership models change.

Standards Incorporated by Reference

FMVSS No. 210 has three standards incorporated by reference: SAE Recommended Practice
J383 2014 does not pose a regulatory barrier; SAE Standard J826 1987 and SAE Recommended
Practice J1100 1984 may not be regulatory barriers if Potential Set 1 or 2 of the DSPs and
driving controls definitions are implemented.

FMVSS No. 214: Side Impact Protection

This standard “specifies performance requirements for protection of occupants in side impacts”
(S1(a)). The stated purpose of this standard is to “reduce the risk of serious and fatal injury to
occupants...in side impacts” (S1(b)). FMVSS No. 214 includes three tests: (1) a quasi-static door
crush resistance test, which dictates the application of a specified force by a rigid steel cylinder
or semi-cylinder to “any side doors that can be used for occupant egress;” (2) a moving
deformable barrier side crash test; and (3) a dynamic rigid pole side crash test.
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Technical Translations

FMVSS No. 214 has several references to driver and passenger that were translated. For
example, in S10.2, Vehicle Test Attitude, the driver’s and front passenger’s door sills are used to
measure the front-to-rear angle of the vehicle. One option provided is to translate “driver’s door
sill” to “left front door sill.” Since measurements are taken on both sides of the vehicle, another
option is to use “both front door sills.” S8.3.1.3, Seat Position Adjustment, states, “If the driver
and passenger seats do not adjust independently of each other...." This statement can be
translated to “If the driver and any front outboard seats do not adjust...” or “If the front outboard
seats do not adjust....” For ADS-DVs, language referring to the right front passenger was
translated to “any front outboard passenger.”

Potential Considerations

Using the definitions in 49 CFR §571.3 for driver’s DSP and the associated terms, the translation
process is simplified. For positioning a dummy in a rear outboard seating position, the
midsagittal plane of a dummy in the driver’s DSP is used as a reference. This reference was
maintained for some translation options; however, in a vehicle without a driver’s DSP, the
seating reference point of the rear outboard seating position could be a possible reference point
for the midsagittal plane, or perhaps the center of the head restraint for that DSP, if there is one,
or the centerline of the seat cushion.

Test Procedures

FMVSS No. 214 has three distinct test procedures. In each case, the translation approach was to
reframe the regulatory language in terms of DSPs rather than occupant roles, such as a “driver”
or “passenger.” Specifically, the test procedure language was translated to use the definitions for
driver’s DSP and associated terms. In addition, the research team provided translation options for
vehicle landmarks from terms such as “driver” or “passenger” side to “left” or “right” side. The
quasi-static rigid steel cylinder or semi-cylinder test requires both sides of two-door vehicle
models to be tested and the driver’s side forward door and opposite side rear door of four-door
models to be tested (OVSC Laboratory Test Procedure No, 214S [Static], 12. Compliance Test
Execution — Execution of the Static Load Test of Vehicle). For four-door vehicles without
manually operated driving controls, one option is to state either “the left side forward door and
opposite side rear door shall be tested” or “the right-side forward door and opposite side rear
door shall be tested.”

The moving deformable barrier side crash test has a section titled, “Steering Column
Adjustment,” which may be translated to “Steering Column Adjustment, if Present” to exclude
ADS-DVs. Measurements related to the dummy positioning also use the steering wheel as a
reference point (e.g., tip of the dummy’s nose to the closest point on the top of the steering
wheel, center of the steering wheel to the dummy’s chest). The translation options could state
that these measurements are used if manually operated controls are present but additional
measurements could be added for ADS-DVs without a steering wheel/column present.

The same translation approach was applied to S9’s vehicle-to-pole test. Many references to
driver or passenger could be replaced with left (front) or right (front). Sections referring to the
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steering column or steering column adjustment could be translated to state “if present” to apply
to ADS-DVs.

Potential Considerations

Although reference points were provided to replace the steering wheel landmarks for ADS-DVs,
other landmarks may be appropriate.

Stakeholder and SME Review Input

Stakeholders stated they believed that research should be conducted to determine if applying the
pole requirements to the rear row(s) of seats is appropriate.

Standards Incorporated by Reference

FMVSS No. 214 has three standards incorporated by reference: MIL-S-21711E and ASTM E29-
06b do not pose a regulatory barrier; SAE Standard J826 1980 may not be a regulatory barrier if
Potential Set 1 or 2 of the DSPs and driving controls definitions are implemented.

FMVSS No. 216a: Roof Crush Resistance; Upgraded Standard

This standard “establishes strength requirements for the passenger compartment roof” (S1). The
stated purpose of the standard is “to reduce deaths and injuries due to the crushing of the roof
into the occupant compartment in rollover crashes” (S2).

Technical Translations

In S7.1, the “driver and passenger sills” were translated to the “left and right sills.” The purpose
of the left and right designations in this case was to ensure that both sides of the vehicle are
supported off the suspension with appropriate vehicle orientation.

Potential Considerations

S7.1 also states, “Remove roof racks or other non-structural components.” For ADS-equipped
vehicles, it might be appropriate to specify that sensors and housings mounted on the roof should
also be removed. However, the reference to “other non-structural components” in the current
regulatory text may be sufficient.

Test Procedures

Vehicle landmarks were translated from terms such as “driver” or “passenger” side to “left (front
outboard)” or “right (front outboard),” respectively (e.g., driver door, driver and passenger test
dummies). For the dummy positioning procedure in vehicles with bench seats, the “center of the
steering wheel rim” was maintained in the language as a vehicle landmark for vehicles with
manually operated driving controls. The “center of the left front head restraint” or “center of the
left front SgRP [seating reference point]” could be used as alternative reference points for
ADS-DVs.
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Potential Considerations

The check sheet for locating the center of the head positioning fixture includes a Driver DSP
section and a Passenger DSP section. For vehicles without manually operated driving controls
and identical left and right front passenger seating, the Driver DSP (left front outboard) section
could point to the Passenger DSP section in the test procedure.

Stakeholder and SME Review Input

A determination as to whether roof-mounted sensors (e.g., lidar) are to be designated as “roof
racks or other non-structural components” should be considered.
Standards Incorporated by Reference

FMVSS No. 216a has three standards incorporated by reference: SAE J1100 2009 and ASTM
E29-06b do not pose a regulatory barrier; SAE Standard J826 1995 may not be a regulatory
barrier if Potential Set 1 or 2 of the DSPs and driving controls definitions are implemented.

FMVSS No. 219: Windshield Zone Intrusion

This standard “specifies limits for the displacement into the windshield area of motor vehicle
components during a crash” (S1). The stated purpose of this standard is “to reduce crash injuries
and fatalities that result from occupants contacting vehicle components displaced near or through
the windshield” (S2).

Technical Translations

FMVSS No. 219 includes a test in which “no part of the vehicle outside the occupant
compartment, except windshield molding and other components designed to be normally in
contact with the windshield” should penetrate a specified protected zone template by more than
6 mm after impacting a fixed collision barrier at up to and including 48 km/h.

S6.1 of FMVSS No. 219 states that any accessories or equipment, such as the steering control
system, should be removed if they obstruct the positioning of a rigid sphere with a diameter of
165 mm. Although an ADS-DV may not have a steering control system as an obstruction, the
steering controls are listed as an example of items that should be removed, so a translation may
not be necessary and the current language has been maintained.

Potential Considerations

None
Test Procedures

Vehicle landmarks were translated from terms such as “driver” or “passenger” side to “left (front
outboard)” or “right (front outboard),” respectively (e.g., driver door, driver and passenger test
dummies). For dummy positioning procedures in vehicles with bench seats, the “center of the
steering wheel rim” was maintained in the text as a vehicle landmark for vehicles with manually
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operated driving controls. The “center of the left front head restraint” or “center of the left front
SgRP” could be used as alternative reference points for ADS-DVs.

Potential Considerations

The left front head restraint and SgRP were presented as options for ADS-DVs with bench seats,
but the longitudinal centerline of the left front seat cushion or the left front air bag could also be
considered.

Stakeholder and SME Review Input

ADS-DVs without traditional vision (e.g., view via media screens, absence of a windshield) may
require additional language to define the windshield zone and maintain the safety intent of
FMVSS No. 219.

Standards Incorporated by Reference

FMVSS No. 219 has one standard incorporated by reference—SAE J1100a_2009—which may
not be a regulatory barrier if Potential Set 1 or 2 of the DSP and driving controls definitions are
implemented.

FMVSS No. 222: School Bus Passenger Seating and Crash Protection

This standard “establishes occupant protection requirements for school bus passenger seating and
restraining barriers” (S1). The stated purpose of FMVSS No. 222 is “to reduce the number of
deaths and the severity of injuries” sustained by school bus occupants in the event of a crash
(S2).

Technical Translations

The only section of FMVSS No. 222 for which a technical translation was performed was the
definition of “school bus passenger seat,” which currently is defined as “a seat in a school bus,
other than the driver’s seat.” If the definition for driver’s seat is used, a translation is not
required.

Potential Considerations

The second translation option does not use the definition for “driver’s seat” and states the school
bus passenger seat is a seat “other than a seat intended for use by a human driver.”

Test Procedures

The terms “driver side” and “passenger side” were translated to “left side” and “right side,”
respectively. Under Section L. of “13. RECEIVING INSPECTION OF THE SCHOOL BUS,”
each bus seat must be numbered starting at the “passenger seat or wheelchair immediately behind
the driver’s seat....” The translation option for this statement was stated as “behind the driver’s
seat, if present. If there is no driver’s seat, number each bus seat starting at the left front-most
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passenger or wheelchair seat.” This expands applicability to ADS-DVs, which do not have a
driver’s seat.

Potential Considerations

Using the definitions outlined in Appendix A, some sections were evaluated but the current
language referencing the driver’s seat was retained.

Stakeholder and SME Review Input

None

Standards Incorporated by Reference

FMVSS No. 222 has five standards incorporated by reference: ASTM E29-06b, SAE
Recommended Practice J211a_ 1971, and SAE Recommended Practice SAE J4004-2008 do not
pose a regulatory barrier; SAE Standard J826 1987, and SAE Recommended Practice

J1100 1984 may not be regulatory barriers if Potential Set 1 or 2 of the DSPs and driving
controls definitions are implemented.

FMYVSS No. 225: Child Restraint Anchorage Systems

This standard “establishes requirements for child restraint anchorage systems to ensure their
proper location and strength for the effective securing of child restraints, to reduce the likelihood
of the anchorage systems’ failure, and to increase the likelihood that child restraints are properly
secured and thus more fully achieve their potential effectiveness in motor vehicles” (S1).

Technical Translations

The word “driver” only appears twice in FMVSS No. 225. Shuttle bus is defined as “a bus with
only one row of forward-facing seating positions rearward of the driver’s seat.” Here, the
“driver’s seat” reference appears to simply identify the left front seat. Using the definition for
“driver’s seat,” this could be translated to “...rearward of the driver’s seat or the left front
outboard seat in a vehicle without manually operated driving controls” to provide a translation
option for ADS-DVs.

Potential Considerations

A second translation option for the definition of shuttle bus does not use either definition for
“driver’s seat.” This option has two separate specifications: one for vehicles with a driver’s seat
and one for vehicles without a driver’s seat; i.e., ““...rearward of the driver’s seat in a vehicle
designed to be operated by a human driver, or rearward of the left front outboard seat in a vehicle
designed not to be operated by a human driver.”

Test Procedures

“Driver and passenger sill” were translated to “left and right front passenger sill.” The test
procedure includes a measurement specified in S4.5.4.1(b) of FMVSS No. 208. This procedure
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includes reference points, such as “the centerline of the driver’s seat cushion” and “the center of
the steering wheel rim.” The translations options use “the centerline of left front outboard seat
cushion” to replace both reference points.

Potential Considerations

Alternate vehicle landmarks to the “center of the steering wheel rim” may be required for
vehicles with front bench seating.

Stakeholder and SME Review Input

If changes to seating usage occur in the future, there may be a need for further research into the
use of child restraint systems in the front row of ADS-DVs. The requirement of Lower Anchors
and Tethers for Children (LATCH) systems at front seating positions (accompanied by automatic
air bag deactivation) may be appropriate.

Standards Incorporated by Reference

FMVSS No. 225 has five standards incorporated by reference: SAE Recommended Practice
J1100 1993 does not pose a regulatory barrier; SAE Standard J826 1992, SAE Standard

J826 1962, SAE Standard J826 1987, and SAE Recommended Practice J1100 1984 may not be
regulatory barriers if Potential Set 1 or 2 of the DSPs and driving controls definitions are
implemented.

FMVSS No. 226: Ejection Mitigation

This standard “establishes requirements for ejection mitigation systems to reduce the likelihood
of complete and partial ejections of vehicle occupants through side windows during rollovers or
side impact events” (S1).

Technical Translations

The translation approach included reframing the regulatory language in terms of DSPs rather
than occupant roles. For example, S6.1 uses the term “driver door sill” in the instructions for
measuring the roll and pitch angle of the vehicle. To remove the driver reference, the translation
option was to use “left front door sill.”

S4.2.2 of FMVSS No. 226 requires vehicles with an ejection countermeasure that deploys in the
event of a rollover to have a monitoring system with a “readiness indicator” that must be “clearly
visible from the driver’s designated seating position.” The 10 potential options developed during
Volume 1 research for technical translation of provisions that specify where or to whom a
telltale, indicator, or auditory alert is directed in ADS-DVs were considered for this requirement.
From the 10 potential options detailed in the Volume 1 report, the proposed translations for the
“readiness indicator” include communicating information (1) to the ADS and all DSPs, (2) to the
ADS and all front DSPs, (3) to the occupant per the current standard location (driver’s DSP) and
to the ADS, or (4) only to the ADS for vehicles without manually operating driving controls and
per the current location for conventional vehicles. The options including the ADS were selected
so if a readiness status malfunction occurs, that information could be communicated to the ADS,
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a maintenance entity, or both. As with other standards, the translations do not address how the
ADS should respond to the information being communicated.

Potential Considerations

Some translation options for the location of the “readiness indicator” expand the applicability of
the requirement. Novel approaches may be necessary to ensure the telltale is visible at multiple
seating positions (e.g., clearly visible from all DSPs). However, if the telltale is only visible to
the left front outboard seating position, the information might not be received by ADS-DV
occupants at other DSPs.

Test Procedures

The approach to translating the test procedures was to reframe the test procedure language in
terms of DSPs rather than occupant roles, such as a “driver” or “passenger.” This included
translating terms such as “driver door,” “driver side,” and “driver and passenger door sill” to
“left door,” “left side,” and “left and right door sill.” The test procedure requires a pass/fail check
for the visibility of the readiness indicator from the driver’s DSP. The translation options
provided for the readiness indicator in the test procedure should be consistent with the options
provided in the regulatory text.

Potential Considerations

Using the test methods further developed for the FMVSS 100-series telltales, the project may
develop options that address verifying the communication of ejection mitigation
countermeasures information to the ADS.

Stakeholder and SME Review Input

The ejection mitigation countermeasure should have the capability of conveying information
about the readiness of the system to the ADS. Reviewers had differing opinions on whether the
information should only be conveyed to the ADS in an ADS-DV, or whether it should be
conveyed to multiple or all DSPs to ensure a vehicle occupant receives the information.
Therefore, multiple technical translation options for the countermeasure “readiness indicator”
were presented.

Standards Incorporated by Reference

FMVSS No. 226 has three standards incorporated by reference: ASTM E29-06b, SAE
Recommended Practice J1100_ 2009, which suggests SAE Dimension W7, and Ejection
Mitigation Headform Drawing Package,” December 2010, none of which pose a regulatory
barrier.
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Chapter 5. Test Method Evaluation Findings

Approach

The following section provides a recap of the approach presented in the Volume 1 report and the
specific application of the approach for the Volume 2 standards covered in the current report.

Vehicle Functionalities

As described in the Volume 1 report, the team focused on the vehicle functionalities regulated in

the FMVSS or required in the execution of the associated OVSC test procedures. Table 7

provides a recap of the identified functionalities.

Table 7. Functionalities Identified in Volume 1 and Volume 2 Standards and Test

Procedures

Category

Functionality

Volume 1

Volume 2

102

108

114 | 118

138

141

101

103

104

110

111

113

124

125

126

Driving Tasks

Steering control

Speed control
(vehicle/engine)

Service brake
application

Parking brake

Gear selection

Non-
driving
Tasks

w2
=
2
R Telltales/
2 E warnings/ ° ° ° ° ) ° °
cl- indicators
in
> £
£
=}
Q
Key insertion/ o
.g = removal
= S Ignition start/stop [ ° ° ° ° ° ° ° ° °
BN @
= £
2 Accessory mode o o
-
Door open/close ° °

Non-driving
controls

Environment
Awareness

Visibility
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The first three functionalities—steering control, speed control, and service brake application—
were further divided into subcategories of general and specific requirements. General
functionalities are those that do not have prescribed values or patterns associated with the
requirements. Examples of these can be found in the test procedure for FMVSS No. 138, which
requires the vehicle to be driven in a particular location within a given speed range. However, no
precise requirements are provided as to the steering, braking, or speed. In contrast, FMVSS No.
126 requires a very precise steering input both in terms of amplitude and timing. Demonstration
of the general driving functionalities in FMVSS No. 138 are necessary to operate the vehicle, but
they are not sufficient to be able to confirm that the requirements in FMVSS No. 126 can be
executed. This finer division was included in the evaluation of the methods.

Test Procedure Description

The focus for the Volume 2 standards was the execution of FMVSS No. 126 test procedures,
which required ADS operation beyond that demonstrated in the Volume 1 research execution
(discussed in the Volume 1 report). FMVSS No. 126 is made up of two conditioning procedures
for brakes and tires, followed by the slowly increasing steer (SIS) test defined in S7.6 and the
SWD test defined in S7.9. The SIS provides a means to characterize a relationship between the
steered input and vehicle’s lateral response. Based on this relationship, the starting steering angle
for the SWD is defined as the steering angle associated with 0.3 g lateral acceleration response
during the SIS. The SWD test specifies a steering input that consists of a 0.7 Hz sine wave with a
500 ms delay during the second peak amplitude. The amplitude of the input is defined as
follows:

do = 1.5*d03 where do is the starting angle calculated from the SIS test

g .39

d= d-1 + 0.5*d0 ford < 6.5*d0 or 270 degrees, whichever is less

To perform this maneuver in a consistent and repeatable manner, the automatic steering
controller is mounted to the steering wheel and programmed to provide the steering input. The
steering input is initiated at a coasting speed of 50 mph. The steering angle, yaw rate, and lateral
acceleration are recorded. The basic operational flow is shown in Figure 13, with steering input
and lateral acceleration response shown for conditions where the ESC does and does not engage.
For the test vehicle used in this study, the final steering condition corresponded to 6.5*d0;

however, the test was extended to include the conditions up to 270 degrees to investigate
potential limitations.
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Figure 13. Operational Flow for SWD Test Using Automatic Steering Controller

For this study, the primary areas of interest were the execution of the SWD test (S7.9) to
demonstrate the specific steering functionality required in the FMVSS and the tire condition
procedure defined in S7.5, which requires the vehicle to be driven around a 30 m circle while the
speed is adjusted to reach and maintain a lateral acceleration of 0.5 to 0.6 g. This requires a
unique control loop that may not be typical for ADS-DVs.

Test Methods

Figure 14 shows the six test methods identified for evaluation categorized based on their ability
to test the project’s ADS-equipped vehicle. The vehicle-based methods follow the current testing
model, in which the test procedures are executed using the vehicle make and model being
evaluated. The non-vehicle-based methods are based on test results that evaluate the vehicle’s
expected performance via secondary means. While the information generated for evaluation may
involve physical testing, final assessment is not based on the execution of the test procedures
using the vehicle itself.
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The following sections provide a brief overview of the test methods, how they were implemented
for the Volume 2 standards, and the associated results, followed by a brief discussion on the
considerations for the different methods that build on those presented in the Volume 1 report.

Vehicle-Based Methods

While the primary test platform has direct access to the controls and signals, which allows for
full control over the vehicle systems, the ADS-equipped test platform accesses the vehicle
systems through the ADS computer. The ADS software architecture leverages the open-source
Robot Operating System (ROS) framework and includes subsystems for perception, localization,
world modeling/situational awareness, high-level routing, low-level motion planning, and
vehicle control through an interface to the vehicle controller area network (CAN) bus.

Human Control

Concept

The concept behind the human control method is to provide the equipment that would allow a
human to control the ADS-DV like a conventional vehicle, thus enabling execution of the current
test procedures. For this method, the controls could be placed in, and hardwired to, the vehicle or
they could be external to the vehicle and connected with a wireless link. For the latter method, in
addition to the standard remote control of the vehicle, the vehicle perception sensor information
could be fed back to the operator to allow for first person viewer, or telepresence, control of the
vehicle.

Implementation

As discussed in the Volume 1 report, to evaluate human control operation, surrogate controls
were added into the primary test vehicle to allow for operation from the passenger seat. These
controls were tied directly to the subsystems that controlled the vehicle functionalities needed for
the test procedures.
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For the secondary test vehicle, a USB joystick controller was incorporated to allow the
experimenter to directly inject steering, throttle, and brake inputs to the by-wire interface. This
mode of operation bypassed much of the ADS architecture, specifically the route planning and
lateral and longitudinal control subsystems used by the nominal driverless operation mode. A
software driver opened a connection to the joystick controller and parsed its inputs. These inputs
were encoded into ROS messages and transmitted directly to the vehicle interface and onto the
vehicle CAN bus. The considerations to be made with this architecture-based dependency will be
explored further in the Discussion section.

The focus of the Volume 2 standards for evaluating test methods was FMVSS No. 126. Due to
the demands for torque and speed during the SWD maneuver in FMVSS No. 126, the steering
motor had to be resized, as the steering controller used for executing the basic driving functions
was insufficient. This limitation will also be explored further in the Discussion section.

The SWD test for human control created a unique configuration possibility. Adding a surrogate
steering wheel allows input of an electronic signal into the ADS-DV’s steering controller, which
is normally operated by automated control. Running the test as it is administered today with
surrogate human controls creates a scenario where a programmed input, the SWD, is used to
drive the automated steering controller attached to the surrogate steering wheel, which then
creates a programmed signal to feed into the ADS-DV’s computer controller steering system.
This amounts to turning a digital signal into an analog signal and then turning it back into a
digital signal for the vehicle’s steering system. While this is a viable solution, in discussions with
NHTSA and stakeholders, it was decided that a more likely scenario would involve using the
human control module as an interface to translate the programmed signal into a format that can
be understood by the steering controller. Figure 15 provides a graphic representation of these two
possible implementations.

Automatic Human
steering control
controller module

Figure 15. Options for Implementing Human Control for FMVSS No. 126

With this configuration, the SIS and SWD tests would be run as a programmed mode and the
human control module would act as an interface box to the ADS. This would provide the means
to reposition the vehicle via manual control while operating the specific steering commands
under programmed control.
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Execution

The research team implemented the configuration described above—an interface box received
the command signal from the test computer and transmitted this to the ADS steering system to
demonstrate the viability of the architecture. However, the final testing was executed using
programmed control, as will be discussed in the Programmed Control section.

In addition, programmed execution of the functionalities associated with the Volume 1 standards
research were based on FMVSS Nos. 114 and 138 OVSC test procedures.

Results
Results from the SWD test will be provided in the next section for the programmed test method.

Discussion
A more detailed discussion of the human control module was provided in the Volume 1 report.
Some of the considerations are presented here as well.

The use of a human control module may provide a means to execute the test procedures similarly
to the way they are executed today. Some items for consideration include the placement of the
surrogate controls into a vehicle that is not designed for controls. This could be make- and
model-dependent, which could add to the complexity of a single-solution design. Similarly, the
interface to the vehicle will also likely be make- and model-dependent. Some of this complexity
may be alleviated through standardization, but this raises additional considerations. A common
interface may improve testability for new vehicles, but may also provide a standard input that
might serve as a common attack vector.

Since the surrogate controls are taking a mechanical input and converting it into an electrical
signal, opportunities to modify or condition the signal may exist during testing that do not exist
under normal ADS operation.

While it is possible for the operator to influence test execution today, the fidelity of the surrogate
controls could amplify this potential influence. For example, if the controls do not have
feedback, the lack of normal cues that exist in manual controls could influence the operator’s
ability to execute the test in a similar manner. As discussed in the Volume 1 report, if wireless
operation is employed, the operator’s abilities could have an even greater influence.

The implementation of the human control method on the second test vehicle using a joystick
controller revealed additional considerations. This embodiment may be similar to that
implemented by manufacturers for the positioning of ADS-DVs in controlled environments, such
as the manufacturing environment or shop floor.

Consistency, sensitivity to external factors, and cybersecurity are among the important
considerations related to this method of operation. A human experimenter’s actions when
controlling the ADS can inject an element of uncertainty or non-determinism. Even a trained,
experienced experimenter could manipulate the controls differently from one iteration of a test to
the next. Different vehicles under test may also respond or behave differently to the commands,
leading to different results even with identical or nearly identical manipulation of the controls.
The interfaces for the human control equipment add a level of effort to implement if they are not
already available, and also introduce another potential cybersecurity attack vector.
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A wide variety of equipment and hardware could also be used to implement this method.
Standardizing this hardware for testing, or at least the input signals generated, could aid in
implementation and ease of use. Furthermore, constraining or moderating the input signals may
be appropriate to improve the test team’s safety (e.g., limiting accelerations, decelerations, or
steering rates achievable). These constraints may be test-dependent, as some tests require
aggressive maneuvers that would need to be implemented via the human control interface.

Programmed Control

Concept

Programmed operation is designed to leverage the automated functionality inherent to an ADS.
The sequence of operations defined in the OVSC test procedures would be programmed in such
a way that the vehicle would execute the test procedures independent of human control. Test
procedures could be preprogrammed by the manufacturer or created with a scripting language
that would allow a third party to configure the commands to control the functionalities required
for a given test. The programs or scripting language could reside on the vehicle or could be
contained on a device that is connected to the vehicle to execute the program or scripted routine.

Implementation

Programmed executions of general driving functionalities were performed using the vehicle and
implementation described as part of the Volume 1 standards research. For the Volume 2
standards, preprogrammed scripts will be developed to execute the closed loop control for the
tire conditioning test and the test sequence for the increasing steering angles associated with the
SWD test.

Implementation of programmed operation on the independent research test vehicle will require
additional development to bypass much of the ADS architecture, including route planning and
lateral and longitudinal control subsystems used by the nominal driverless operation mode.
Programmed operation is envisioned to be a modular software component that would allow for
different control sequences to be programmed according to the FMVSS of interest. While this
modularity may make the approach extensible, it also means the divergence of modules is
possible, which may make some manner of standardization appealing.

Execution
Programmed execution of general driving and the functionalities associated with Volume 1
standards research were based on FMVSS Nos. 114 and 138 OVSC test procedures.

FMVSS No. 126 testing was performed at NHTSA’s Vehicle Research and Testing Center
(VRTC). The brake conditioning was performed with the manual vehicle controls while the tire
conditioning, SIS, and SWD were performed under programmed control. Data was collected to
compare with the baseline data gathered during a previous test session at VRTC, in which VRTC
staff executed the test procedures according to the current standard for a manually operated
vehicle. The baseline data was also used in designing the automated steering system to ensure the
system could replicate the steering inputs. Figure 16 shows the initial turn of one of the SWD test
runs with the steering wheel at approximately 135 degrees. The roll of the vehicle can be seen
relative to the horizon.
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Figure 16. Initial Turn of FMVSS No. 126 SWD Test

Results

The following graph (Figure 17) provides output from the execution of the test procedures based
on FMVSS No. 138 under programmed control. This particular sequence is for a low tire
pressure state. The expectation is that the system will capture the change in low tire pressure
state as reported by the vehicle. Since the test requires the vehicle to be driven within a given
speed range for a minimum amount of time, it is also necessary to monitor speed and time above
a given speed threshold (15 m/s). For this particular sequence, the tire pressure was reduced in
one of the tires in accordance with the test procedures and then the vehicle was driven under
programmed control around a predetermined route.
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Figure 17. Example Results From the General Driving Procedures Based on FMVSS No.
138

The grey dots show the speed and indicate the ability to control speed relative to a given target.

The maroon diamonds show the low tire pressure state. As the data shows, within 1 minute of
driving after the tire pressure was reduced, the low tire pressure state went high, indicating the
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tire pressure monitoring system (TPMS) responded to the low tire pressure. The orange line is a
timer programmed to keep track of the time the vehicle is operated within the speed range.

As Figure 17 indicates, the vehicle executed the test and captured the data associated with test
procedures for driving functionalities. These included steering, speed, brake, gear selection, and
ignition control. It was also possible to monitor and record vehicle state variables, specifically
TPMS.

Subsequent results focused on the testing associated with FMVSS No. 126. Figure 18 shows the
results from an intermediate test condition. While the steering inputs coincide, the yaw rate
response lags in the baseline case compared with the ADS case. The pass/fail criteria are based
on the peak yaw rate after the first steering reversal in relationship to the yaw rate at 1 sec and
1.75 sec after the completion of steering (COS). This is referred to as the yaw rate ratio (YRR)
and is expressed as a percent. In order to pass the test, the YRR must not exceed 35 percent and
20 percent at t = 1 sec and t = 1.75 sec, respectively. While this impacts the final YRR values
(5.1% and 3.7% for manual and ADS execution), they still fall well within the 35 percent limit at
t =1 sec after COS.
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Figure 18. ADS Execution of SWD Compared to Baseline: Early ESC Engagement

The following plot (Figure 19) shows the results from the final test condition, which is 6.5 times
delta (the initial starting steering angle input). For the steering condition shown, the YRR att=1
sec is 1.1 percent for the manual control (baseline) and 1.2 percent for the ADS control.
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Figure 19. ADS Execution of SWD Compared to Baseline: Final Test Condition

It is important that the vehicle-based methods have the ability to replicate the input into the
system that is currently generated by the automated steering machine. Looking at the completion
of the steering input (Figure 20) allows an evaluation of the controller’s ability to drive the
steering input throughout the maneuver and, in this case, through all required test cases.
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Sine-with-Dwell (6.5*delta): Manual vs ADS
Completion of Steer (COS)

100 30
80
20
60
%o 40 o g
= 20 55
@ &
S 9 0 =
< w
oo 2300 2350 2400 2450 W{Jo T
g -20 o
a 2
-10
& -40 // 3
-60
20
-80
-100 -30
Time [ms]
SteeringAngle SteeringWheelAngle_ADS ——Yaw_rate Yaw_rate_ADS

Figure 20. Completion of Steering Comparison: Final Test Condition

These results demonstrate the ability of the vehicle to replicate the results of the baseline test
while in ADS operation. The offset in the yaw could be influenced by the difference in the
temperature and surface conditions between when the baseline test was performed (mid-June)
and when the final ADS test was performed (early December). While the baseline and the ADS
testing would ideally be performed multiple times on the same or similar days, the results still
confirm that it is possible to replicate the input into the steering system with the same pass/fail
results.

Discussion

Programmed operation provides the opportunity to have repeatable and consistent test inputs.
This is particularly relevant for the SWD test runs. However, the final position of the vehicle at
the conclusion of each run is not consistent. Consequently, some flexibility in the routine that
repositions the vehicle at the starting point of each run may be required. Depending on the test
facility, this could be trivial or complex based on such things as facility features and shared
usage.

The different potential embodiments of programmed operation—preprogrammed versus scripted
and on-board versus plug-in module—provide different possibilities that should be considered.
The preprogrammed routine provides a set of commands that can be tested and confirmed prior
to release, allowing consistency in the execution of the test independent of the operator.
However, depending on the test, independent input verification could be challenging. For the SIS
and SWD tests, input could be verified by measuring a linkage in the steering system, such as the
rack displacement.
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A scripting language allowing an entity independent of the manufacturer to program the test
procedures would provide an increased level of independence, but trust in the execution of the
commands or verification of the output would still be required.

Having the program or scripting language reside on the vehicle introduces a potential risk in that
the routine would be present on the vehicle at all times. Activating the routine during normal
driving, either erroneously or malevolently, could create a safety risk to the occupant(s) and to
those around the vehicle. Keeping these programs on a removable device eliminates the potential
for activation while driving. However, the need for a device interface to the vehicle provides an
additional potential attack vector for vehicle control. One SME suggested that a potential
solution to both of these risks would be to have the manufacturer send an electronic control unit
(ECU) with the programmed routines and the conflicting ADS constraints disabled. Depending
on the level of modification to the ECU, however, this could create a situation where the vehicle
being tested could be considered a different vehicle, as significant changes to the ECU might
cause the vehicle to perform differently than under normal operation.

Initial testing revealed a potential consideration in that performance or test specifications could
have a secondary effect of being minimum design criteria for systems not regulated by an
FMVSS when the ADS is responsible for driving. While the FMVSS are focused on vehicle
performance, the control inputs for testing associated with some FMVSS are based on inputs that
a human could potentially provide rather than on human capabilities to safely operate a vehicle.
FMVSS No. 126 reflects steering amplitudes and rates that have been demonstrated to be
feasibly achievable for some drivers to ensure that the ESC system operates properly over the
range of human-provided inputs. However, the higher amplitudes and rates do not necessarily
correspond to all drivers’ capabilities in all vehicles at all times. Results from Forkenbrock and
Elsasser (2005) show that the peak SWR for four different drivers ranged from 608 deg/sec to
1,819 deg/sec depending on vehicle and filtering applied during processing. These results were
used to help inform the test procedure’s upper limit for the SWD steering input. Thus, the
procedure is descriptive of the possible driver input rather than prescriptive of what a driver
needs to be capable of for safe operation. Since not all drivers are capable of these steering
inputs, it is conceivable that a manufacturer could design its ADS-DV to operate safely with
much lower speed and torque requirements for their steering actuators than required for the
automated steering machine currently used for testing. In this case, the test conditions would
become minimum performance requirements not of the ESC system but of the steering
automation subsystem. In other words, the conditions would be analogous to requiring a human
driver to demonstrate the strength and agility to provide similar steering system inputs to those
supplied by the automated steering machine.

Another consideration raised by FMVSS No. 126 S7.5 Tire Conditioning is the potential need to
override the ADS constraints placed on the commanded inputs for occupant safety and comfort.
Maintaining a path at a given speed is fundamental for vehicle operation on a roadway. This
could allow for the tire conditioning procedure to be run under normal ADS operation if the
threshold for lateral acceleration put in place by the manufacturer is not exceeded. However, it is
likely that the threshold for sustained lateral acceleration would be less than the 0.5 t0 0.6 g
target. The American Association of State Highway and Transportation Officials (AASHTO)
provides the simplified curve formula for calculating the minimum radius for the design of
horizontal roadway curvature as follows:
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VZ
R =
127(0.01e + f)

Where

R = minimum radius (m)
V = design speed (kph)
e = superelevation
f = maximum side friction, which is provided by AASHTO
The above can be rearranged to give centripetal acceleration in m/s?
VZ

4 = 1209R

= 9.8(0.01e + f)

Using the AASHTO values for friction (0.17) and the recommended range for superelevation (0
to 8 degrees) results in a range of lateral accelerations of 1.7 to 2.5 m/s? (0.17 to 0.26 g). If this is
considered the safe speed for road design, it is likely that ADS-DVs will limit their lateral
acceleration to something in a similar range for sustained cornering. If so, this is an example
where the ADS may need to be modified to operate outside of its normal ODD.

ADS Normal Operation

Concept

The concept for ADS normal operation as a test method is to use the ADS-DV’s normal
operation design to exercise a given vehicle functionality associated with an FMVSS or to
conduct applicable test procedures. For example, part of the test procedures for FMVSS No. 138
require driving for a given period of time within a speed bound at a given location. If this
location is within an ADS-DV’s ODD, then it may be possible to request a route that includes the
test area to execute the driving portion of the test procedure.

Implementation

As discussed in the Volume 1 report, the primary test vehicle used in this study had ADS
functionality but lacked the level of integration to perform as a production ADS would. To
evaluate ADS normal operation, a research team member’s ADS-equipped research vehicle was
used for execution of a selection of general functionalities. For this vehicle, the nominal mode of
operation was driverless with occupant waypoint/destination selection. The destination is
selected through a tablet user interface, as shown in Figure 21.
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Flgure 21. ADS-Equipped Research Vehicle User Interface

The user selects the desired destination from the waypoints provided and the ADS automatically
generates an optimal route. The objective function used to generate the optimal route can support
a variety of inputs; minimal travel distance was used as the objective for this testing. Once the
generated route was approved and the ADS enabled, a pure pursuit steering algorithm managed
lateral control and a proportional-integral-derivative controller managed longitudinal control
based on a target speed. The target speed was provided by a software multiplexer that aggregated
a number of speed recommendations and selected the optimal target speed, typically the lowest
recommended speed. Desired steering, throttle, and brake inputs were then converted to
appropriate CAN messages by a vehicle software interface. The research vehicle executed by-
wire control of steering, throttle, and brake using the provided CAN messages.

The research vehicle that was used afforded complete visibility and open access to all of the
ADS-related software subsystems and interfaces. As such, relevant data streams were identified,
and sample test data was easily recorded during testing. On a production ADS-DV, some of this
data may be considered proprietary and thus may not be similarly exposable. This is an important
consideration, as alternative approaches for collecting the required test data may be necessary.

Execution

Several of the functionalities consistent with en-route-based operation were executed. In
particular, basic driving functionalities were demonstrated along with those that require precise
speed and lateral positioning. These latter functionalities confirm the ability to execute the

76



OVSC test procedures associated with FMVSS No. 141 but are insufficient to execute the
precise steering requirements associated with FMVSS No. 126. The ability of the system to hold
a precise lateral position and speed confirms the control algorithms’ ability to follow a prescribed
route. However, FMVSS No. 126 requires open loop control of the steering, which the ADS is
unable to execute.

A more detailed description of the testing and results for ADS normal operation is provided in
Appendix G.

Results
Figure 22 shows results from a portion of the test procedures designed to assess the ability of the

ADS to execute specific lateral and speed control, as is required in standards such as FMVSS
No. 141.
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Figure 22. Example of ADS Operation — Target Speed Versus Actual Speed

A lag can be seen in the actual speed of the vehicle, and the final speed fails to reach the
commanded speed. The algorithm is weighted to ensure the speed does not exceed the set point.
FMVSS No. 141 has a speed tolerance of +1 km/h (+ 0.28 m/s). While the deviation is within
this range, as shown by the dashed lines, the nominal value is outside the specified tolerance.
Consequently, this particular vehicle would have to artificially increase the set speed, or the
control algorithm would have to be modified for testing.

For the vehicle state monitoring test procedures, the TPMS state was not accessible on the
network but the tire pressure was (Figure 23).
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Figure 23. Sample Data From Vehicle State Monitoring Test — Tire Pressures

This data confirms that information can be accessed from the network, but it also demonstrates
that the manufacturer would have to make channels available that may not otherwise be present.
In this instance, low tire pressure state could be inferred from the individual tire pressures, but
the TPMS state cannot be directly confirmed.

Discussion

While these test results provide insight into some of the considerations that may be pertinent for
testing with normal ADS operation, they do not necessarily provide a direct assessment of testing
feasibility. Because a research vehicle was used, access was available to parts of the system that
may not be available for a commercial product, which could impact the ability to define certain
test conditions, such as speeds.

Similarly, the rules that define normal operation or constrain the control inputs may not allow the
vehicle to execute a test procedure as defined. A number of the test procedures that were
implemented on the primary test vehicle had to be modified to accommodate some of the
secondary vehicle’s constraints. For example, the vehicle state monitoring test specified a speed
range above the speed limit set in the ADS’s digital map for the test facility. Consequently, the
tests were run at 25 mph rather than modifying the speed limit.

As discussed in the Volume 1 report, there is also the potential that a given test facility may be
outside the ADS-DV’s ODD and therefore the map may not have the necessary localization
information to operate. This is a potential consideration for programmed operation as well.
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Non-Vehicle-Based Methods

As the name implies, non-vehicle-based methods rely on means that are not necessarily based on
physical testing conducted to provide evidence of compliance. Methods that were identified
include technical design documentation, simulation, and the use of a surrogate vehicle.

NHTSA has not generally used non-vehicle-based test methods to verify compliance. Instead,
NHTSA’s OVSC selects vehicles from dealerships to conduct physical testing to verify that the
vehicle meets the standards. Non-vehicle-based methods may not be able to provide the level of
compliance certainty achieved through execution of a physical test with a vehicle. However, the
method does provide an option for verifying compliance when extensive barriers to physical
testing may exist.

Technical Design Documentation

Concept

The approach taken for the technical design documentation is to expand upon the Test
Specification Forms currently used by OVSC. The results of this effort were reported in detail in
the Volume 1 report. A short recap is provided here for context.

Implementation

During the Volume 1 standards research, the project evaluated the potential use of technical
design documentation to provide sufficient information and detail to show the system was
designed to be in compliance with FMVSS No. 138.

Test Specification Forms are completed by manufacturers and submitted to NHTSA’s OVSC
after OVSC has selected one of their vehicles for potential testing. The forms vary, but OVSC
generally requests some, but not all, of the information needed to verify that a vehicle complies
with an FMVSS. It should be noted that not all FMVSS have an associated form. The following
example is a subset of the type of information that could be required using this method and does
not include the entire standard.

FMVSS No. 138 ADS-DV Technical Design Documentation Method Example (Item number 4
D) provided in the Volume 1 report asks the manufacturer to provide a systems diagram and
identify vehicle information as shown below:

4. TPMS Information

NOTE: If more than one level of TPMS is offered for the same vehicle (base versus luxury),
provide information for all TPMSs. If different inflation pressure sensors (direct systems) are
used depending on the rim type, provide information for Items 4.B. and 4.C. for each rim

offered.

A. Type:

B. Tier-one TPMS supplier:

C. Inflation pressure sensor part#/model:
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D. Provide a systems diagram of all TPMS components including, where applicable, anti-
lock braking system, speed sensors, inflation pressure sensors, antennas, electronic
control unit, display interface (module), labeled with the applicable part numbers. The
diagram must include the release date and revision date (if any), and it must identify the
vehicle make, model, model year, and body style to which it applies.

Figure 24 shows a sample of what the systems diagram for the TPMS components could include
for technical design documentation. The vehicle’s overall TPMS design is explained, including
that the vehicle’s design connects the body control module to the ADS.

Tire pressure sensor

Tire pressure sensor

Automated
Driving System
(ADS)

Front wheel
sensor RH

]

Front wheel
sensor LH

Connection to
other vehicle
modules

Vehicle
1 Network

ABS actuator and

(control unit)

Figure 24. TPMS System Diagram

Tire pressure sensor

Tire pressure sensor

Figure 25 provides a high-level system architecture for the TPMS showing the connection
between the TPMS sensors, the body control module, vehicle display, and vehicle network.
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Figure 25. High Level System Architecture for TPMS

Item 6 B in the ADS-DV Technical Design Documentation Example, presented below, requests
that the manufacturer describe how a low tire pressure state is communicated to the ADS. It asks
for a schematic diagram showing the electrical connection transmitting the low tire state to the
ADS. Similar to the system diagram, the release date and revision level(s) (if any) are also
requested and the manufacturer is asked to identify the vehicle information on the diagram.

6. Low Tire Pressure Indicator

A. Explain system calibration requirements. State whether or not the system must
execute a calibration procedure before it will properly identify an under-inflated tire.

B. Describe how the low tire pressure state is provided to the ADS. Provide a schematic
diagram showing the electrical connection from the low tire state to the ADS. The
diagram must include the release date and revision level (if any), and it must identify
the vehicle make, model, model year, and body style(s) to which it applies.

C. Provide the TPMS activation pressure set point (the pressure at which the low tire
pressure warning state is communicated to the ADS and, if applicable, whether the
telltale is set to illuminate). If different inflation pressures are specified for front and
rear tires, indicate if the TPMS has two activation pressure set points. Provide one of
the following items, either (i) or (ii).

i.  Provide the software architecture used to define what constitutes “low tire
pressure” within the meaning of S4.2(a). The software architecture must
include the software release date and revision level (if any).
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Or

ii.  Provide the ADS-DV network data log recorded during an FMVSS No. 138
physical test for the vehicle selected. The physical test results need to include
documentation demonstrating that the S6 test procedures were followed.
Provide test date, test reference number and test location.

Figure 26 is a schematic diagram that may be provided for item 6 B to help in compliance
verification. This type of diagram could potentially demonstrate that the parameter IDs from the
tire pressure monitoring module—in this example, 14, 13, 15, and 16—are connected to the
ADS’s Parameter IDs 5, 23, 31, and 47.

[ TIRE PRESSURE MONITORING SYSTEM (1) SD956-1|

OT AT ALL TIMES | [HOT Mt OR sTART)

Q300 oo 03RO 03v8| 028
S
24 AT SRS R RN AMF12 + Boe Ground R 2N
o
la2

LN
usw]

' = | ‘ ;.;u.f.
1 1
o asw] oweo| owo| aw| a3 o omo| a3l oaw| oave| oas
3 1 2len 2 3 aF4 1 2 aFis 1 2 alr1e
- - ool
©» (1 sem] [se=m O = sew ) G
@

Gha  FRONT TPMS PaTIRTOR R FROMT TPMS INITIATOR LH o REAR TPMS NITIATORLH G4 REAR TPMS INITIATOR Ry o a4
[cT03) A40T0 25, [PoT0 26 [PHoTO 84 [Pworo 82 [ProTO 54 [ProTO &2 [ProrOB0) PHOTO )

Figure 26. Schematic Showing Theoretical Example of TPMS to ADS Connection (Adapted
From Autozone, 2008)

The previous diagram and schematic may not be sufficient for NHTSA to verify compliance to
FMVSS No. 138. Additional information, such as a demonstration that the low tire pressure state
is communicated to the ADS and, if applicable, whether a telltale illuminates, could also be
documentation requirements. Other information could also be useful; for example, the software
code used to define what a “low tire pressure” is within the meaning of S4.2(a) or provision of
the network data log recorded during an FMVSS No. 138 physical test using the procedures set
out in S5 and S6. These are requested in item 6 C, as outlined above.
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Discussion

Per the current compliance verification process, NHTSA independently purchases production
vehicles for physical testing to ensure that the vehicle, as manufactured and as being sold to the
public, meets FMVSS requirements. This process helps NHTSA verify the adequacy of the
manufacturer’s quality control systems, manufacturing processes, and materials.

One of the primary considerations of using technical design documentation as well as other non-
vehicle-based test methods is whether they will allow verification of the compliance of actual
production vehicles, and not just illustrate the theoretical or ideal design of a vehicle or system.
Deeming a design to be appropriate may not be sufficient to ensure that the end-product
delivered to the consumer complies with the FMVSS. Additionally, even if there are situations
where the research team believes that technical documentation might be viable for one standard,
that does not necessarily mean it will be suitable for any other standards.

Simulation

Concept

Simulation was evaluated as a non-vehicle-based test method to determine its viability as a test
method to verify ADS-DV compliance. As previously noted, for FMVSS testing, NHTSA
currently purchases a vehicle from a dealership, outfits it with instrumentation, executes a
physical test (e.g., OVSC test procedure, depending on the standard), and assesses the computed
response metrics. Although the compliance verification process does (depending on the standard)
include information submitted by manufacturers (e.g., NHTSA’s Test Specification Forms),
NHTSA verifies a vehicle’s compliance independently of the manufacturer. This study will
assume a similar structure and consider options for an independent process for simulation as a
possible test method. The results of the virtual simulation are compared to real world data to
draw conclusions about the effectiveness of the process, significant parameters defining the
system behavior, and individual parameter sensitivity to the process. It is important to highlight
that this study does not consider replacing vehicle-based compliance testing, but rather evaluates
some aspects of using virtual simulation to augment physical testing for specific tests that are
expected to have associated barriers on most production level ADS-DVs.

A more thorough presentation of this task is summarized in the following sections and is further
described in Appendix H.

Implementation

For simulation to be a viable compliance test method, there must be trust in the model and its
simulation output. The first step of this process is to identify the important model parameters
directly related to the systems being tested. This can be established through theoretical
examination of the system’s underlying equations of motion or through experimental means.
Experimental means can be performed with virtual simulation, given a valid model of the system
has been created. This study will focus on simulation model iteration and statistical analysis to
help identify the significant and sensitive model parameters. Model iteration refers to the
repeated simulation of vehicle maneuvers while systematically varying the mathematical model
parameters. After model iteration is completed, parameter statistical significance will be
examined, and then those parameters will be investigated for their required accuracy to provide
valid model outputs. The steps used for this study are outlined in the workflow diagram below
(Figure 27).
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Figure 27. Simulation Workflow
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Execution

The VTTI test vehicle build was the physical vehicle selected for this study. The results of the
baseline test and the ADS-DV test with this vehicle are discussed in the Model Correlation
section below. The other key aspects of the workflow are discussed in the following sections.

Model Measurements

To properly parameterize the relevant mathematical models, the physical vehicle components
and overall vehicle system performance had to be tested and evaluated. Parameter and
component measurements were performed to quantify center of gravity, mass moments of
inertia, suspension characteristics, steering characteristics, and tire response. Vehicle-level
measurements were performed during the FMVSS No. 126 test procedure and on a four-post
shaker rig. Parameter and component level measurements were completed first, then the vehicle
was instrumented and tested as a system in the laboratory.

Model Creation

The vehicle model was created by parameterizing the appropriate math models within the
CarSim simulation environment. The model was primarily developed from the parameter
measurements while estimated unsprung mass values were determined from the four-post shaker
rig testing response.

Results

Model Correlation

Correlation was assessed between the field and model data by simulating FMVSS No. 126 and
four-post shaker rig tests, and then calculating the correlation coefficient, coefficient of
determination, and root mean square error between the model response and field test data.
Results showed that there was sufficient correlation between the vehicle suspension and inertial
models and the full vehicle system performance. Model correlation investigation also offered
justification for implementing a mathematical ESC model and provided the reference for
properly parameterizing that model. In validating model correlation, two inferences could be
made about the measurements taken. The first is that by defining vehicle-specific mathematical
models for inertial, geometry, suspension, steering, and tire response while using a more general
powertrain mathematical model, the model parameter measurements and associated
parameterized mathematical models produced an adequate representation of the full-vehicle
system to simulate FMVSS No. 126. The second is that the model correlation measurements, as
performed, offered adequate reference to determine correlation between real-world and
simulated test data.

Model correlation investigation also offered ISO 19365 as a potential approach to model
validation specific to FMVSS No. 126. ISO 19365 specifies comparison requirements between
virtual simulation and field data to establish a valid simulation for FMVSS No. 126. ISO 19365
was applied as a method for evaluating model quality due to parameterization changes, which is
not the identical application of the standard. It was also noted that ISO 19365 provides metric
tolerances for the first two peaks, yaw rate crossover, and the lateral displacement, which may
not adequately address the end of maneuver behavior.
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Parameter Reduction Study

The simulation was iterated to provide insight into the parameters that drive system behavior.
The iterated model outputs were compared to the baseline model response or field data through a
variety of metrics. Time history correlation metrics, FMVSS No. 126 metrics, and ISO 19365
metrics are all possible sources of reference and were used throughout this work. N-way analysis
of variance (ANOVA), D-optimal design, and parameter reduction were used to examine the
effects of varying model parameters. N-way ANOVA analysis provided the means by which to
establish statistical significance while D-optimal design and parameter reduction established
proper design space coverage. The N-way ANOV A results were examined with reference to
FMVSS No. 126 and ISO 19365 compliance metrics to assess model response for the purpose of
identifying parameter sensitivity.

Parameter reduction successfully identified and eliminated parameters whose variation did not
produce statistical significance or did not result in simulated non-compliance based on the
established metric from FMVSS No. 126 and ISO 19365. This enabled the study to focus on the
five parameters that had a significant impact on simulation response (i.e., XCG, ZCG, 1ZZ, IXX
and tire model)

Sensitivity Study:

Once the non-compliant cases were correlated with the statistical results, the acceptable amounts
of variation in the relevant parameters were examined by targeted simulation. These acceptable
variation ranges were then related to measurement accuracy of the vehicle system and
components. This enabled identification of the potential measurement accuracy required for
establishing model trust and simulation output for the specific test vehicle.

The sensitivity study provided the maximum amount of acceptable model parameter variation for
the five identified parameters in the parameter reduction study. Analysis of the response data to
the ISO 19365 specification revealed that more than 10 percent parameter variation caused
calculated non-compliance. Analysis of the response data to FMVSS No. 126 specifications
showed that more than 20 percent parameter variation caused calculated non-compliance. Since
the realistic parameter set had less than 5 percent variation, it may be possible to parameterize a
vehicle dynamics model that represents the physical system with proper consideration of the
ESC.

Discussion

The work performed in this study helped identify considerations for developing trust in a
mathematical vehicle model and simulation. The constraints of the study only allowed for
evaluation of one vehicle with an ESC model that was approximated based on the ESC
performance of the physical vehicle. Future work could include evaluation of other vehicle
classes and inclusion of the actual ESC either through a manufacturer-supplied model or co-
simulation with the ESC hardware through HIL.

While the simulation effort implemented a full software-based solution, the use of HIL was
scoped to identify potential HIL concepts to use as part of simulation. This task focused on
developing potential test cases, system architectures, testable characteristics, component
definitions, and guidelines for implementation. This provides a knowledge base to inform
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potential considerations regarding HIL simulation and aids in the integration of an HIL solution.
Results from this effort are presented in Appendix L.

Figure 28 below outlines some of the process options for simulation as a potential method for
compliance verification.
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Figure 28. Potential Simulation Compliance Verification Process

The potential process for performing simulation compliance starts with vehicle acquisition and
includes physical testing performed by NHTSA or an independent test laboratory (e.g., OVSC
Contract Compliance Test Laboratories) to help provide compliance certainty. The physical
testing may include both laboratory-based vehicle and component testing, as well as vehicle-
based field testing. Field testing would not be the FMVSS No. 126 required SWD test, but might
consist of normal driving, transient maneuvers, or other inputs that would exercise the vehicle
and generate vehicle responses that could be used to validate the mathematical vehicle model.
Vehicle-based methods (human control, programmed control of the ADS or ADS normal
operation) could be used to exercise the vehicle during field testing. The physical vehicle
compliance testing associated with the process flow defined above is contained within the model
creation and correlation steps. If the model was supplied by the manufacturer, the focus of the
physical testing would be collecting correlation data to verify that the model is a suitable
representation of the vehicle for compliance evaluation. This testing would be a small subset of
the test data required for this study (Model Correlation Measurements shown in Figure 28 above,
described in detail in Appendix H). The model correlation and validation analysis could be
considered part of the required compliance steps to verify the virtual compliance result. If the
vehicle dynamic model and simulation were built and parameterized by NHTSA or an
independent test laboratory, it is likely that all of the physical testing performed in this work may
need to be considered (e.g., Model Parameterization Measurements and Model Correlation
Measurements from Figure 28, described in detail in Appendix H). Once the model creation and
correlation steps were completed, the virtual compliance verification could be completed by

87



NHTSA or the independent contractor, who would run the simulation and verify that the
response is compliant with FMVSS No. 126.

Surrogate Vehicle

Concept

Another proposed method is the use of surrogate vehicles, in which a production vehicle with
manual controls would be used to demonstrate compliance for a vehicle built on the same
platform without manual controls. While this method would employ physical vehicle testing, it
does not test the actual vehicle being evaluated for compliance. As such, this method is classified
as a non-vehicle-based method.

Implementation

In order to physically evaluate this method, a pair of production vehicles—the conventional
production vehicle and associated ADS-DV—would need to be available. This vehicle pairing is
not currently available on the market, so no testing was performed in this study. Accordingly, the
method is described and some of the potential considerations are discussed, but no evaluation of
the method was carried out.

Discussion

The use of a surrogate vehicle for compliance verification would be limited to ADS-DVs that are
based on an existing manual control platform, thus limiting this method’s applicability. The
surrogate vehicle method assumes that modifications do not change the performance of the
equipment or system being evaluated. There would likely need to be some form of
documentation capturing any differences. In addition, SMEs who commented on this potential
method thought it would be available only for a small number of platforms and for a relatively
short time frame, as this approach to ADS-DV development was seen as an interim solution for
select manufacturers.

Evaluation

The evaluation of the methods focused on two aspects: (1) where applicable, confirming the
method’s ability to execute the functionalities associated with research test procedures and (2)
qualitative evaluation based on criteria pertinent to compliance verification. In addition, the time
horizon was considered for the different methods to examine which may be more suitable for the
Volume 1, Volume 2, and long-term research timeframe.

The previous section discussed the results of the different methods relative to execution of the
functionalities. For the non-vehicle methods, the research looked at specific standards as test
cases to provide insight into their potential role in the process. In this section, the criteria-based
evaluation is presented, including an overview of the evaluation process, a review of the criteria,
and a summary of the considerations identified based on the evaluation process.

SME Feedback Meeting Data Analysis

This section details the methods used to identify the themes and opportunities associated with the
qualitative portions of the SME feedback. Qualitative data analysis followed a four-step process
that draws upon Marshall and Rossman (1999) and a modified version of framework
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methodology developed by researchers from the National Centre for Social Research (Ritchie,
Spencer, & O’Connor, 2003). This approach has been used successfully in several past VITI
research efforts (e.g., Blanco et al., 2015) and allows researchers to manage and analyze the data
in a logical and complete manner. Using this iterative approach allows the data to be transformed
from recorded audio, to written transcripts, to charts and data in a manner that is comprehensive,
transparent, and traceable.

To organize the data, researchers reviewed and became familiar with the dataset. This included
cleaning the data (e.g., minor editing necessary to make materials retrievable) and preparing the
data for analysis. To prepare the data for analysis, key sections were identified by the focus
group moderators and transcribed using established protocols designed to ensure consistency
across all transcripts. Notes taken by the moderators were also compiled to supplement the
targeted transcription. Finally, participant responses to each assessment sheet, both individual
scoring and written comments, were combined for analysis.

Next, researchers reviewed the transcripts, moderator notes, and combined assessment responses
to become familiar with key themes and subthemes. The initial themes and subthemes closely
followed the test methods, evaluation criterion key questions, and follow-on question areas
within each SME feedback meeting. Themes and subthemes were then arranged in a logical
order with individual spreadsheets, with the spreadsheet tabs serving as an index.

Responses were coded by theme and subtheme and grouped according to emerging patterns or
categories. The indexed comments were arranged into assessment criterion-specific workbooks,
and individual spreadsheets (or thematic charts). These spreadsheets/thematic charts were then
further sorted by subtheme (e.g., vehicle- and non-vehicle-based test methods) and secondary
subthemes (e.g., question or follow-up question). Finally, categories of similar ideas were
created based on the subthemes. The secondary subthemes and categorical responses are reported
in the subsequent sections (Figure 29).

Theme 3: Interpretation
Theme 2: Technical Design Documentation

Theme 1: Collaboration

( CASES Transcript Text General Test Methods | Programmed Control

Meeting No. Question No. TOPIC CATEGORIES >
= Gl

Figure 29. Illustration of the Data Analysis Process (Adapted From Ritchie et al., 2003)

To better understand the information provided, the findings from the thematic analysis were then
considered concomitantly with the previous stakeholder and SME input (e.g., feedback obtained
during the stakeholder meetings) and the results of the initial vehicle- and non-vehicle-based test
activities.
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Evaluation Review

This section first looks at SME feedback on the criteria to provide context for SME comments
and subsequent scoring of the methods. Following are common themes that were expressed
during the discussion and in the written comments. Finally, a review of the SME scoring is
provided along with the general comments for each criterion based again on verbal and written
comments that were captured during the sessions.

Criteria Ranking

The following tables (Table 8 and Table 9) provide a list of the criteria used for the evaluation,
the concept behind each, and the operational definition. The final criteria list was based on
feedback from NHTSA, stakeholders, and SMEs prior to the final SME review. Criteria are
divided into two categories. The first category includes criteria primarily related to the test
methods rather than the execution of test procedures. These are categorized under general
considerations. The second category, test and functionality execution, focuses on the methods as
they relate to the execution of the procedures or specific functionalities.

Table 8. Criteria: General Considerations

Criterion

Concept

Operational Definition

Safety

Can the test be performed safely?

Number and complexity of special
conditions, compared to baseline,
required to execute the test safely.

Cost estimate

What are the initial (including development

Relative cost for manufacturer to

for and equipment) and recurring costs? develop/implement method for new

manufacturer vehicle model/platform.

Cost estimate What are the initial (including development | Relative cost for NHTSA to execute test

for NHTSA and equipment) and recurring costs? on new vehicle model/platform.

Sensitivity Are the results insensitive to changes not Observed differences, variance in
associated with the test? intermediate steps, or differences in

results due to factors not controlled in
test procedures (e.g., test operator,
location, GPS signal quality, etc.) that
may impact final result.

Standardization | Does the method (e.g., associated test tools | For methods that lend themselves to
and evaluation criteria) lend itself to standardization, the level of effort
standardization? required for standardization.

Cybersecurity | What, if any, is the relative level of The possibility of introducing additional
cybersecurity considerations that could be cybersecurity vulnerabilities and attack
introduced by a given method? vectors.

Gaming Is a particular method susceptible to Ease with which a test method would

possibility “gaming” a given test? allow the vehicle under test to be tuned

to perform differently during testing as
compared with normal operation.
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Table 9. Criteria: Test and Functionality Execution

Criterion Concept Operational Definition
Preparation Are there additional challenges in setting up | Number of steps or amount of time
effort an ADS-DV compared to a conventional required to set up vehicle prior to test.

vehicle?
Execution In general, is it more or less difficult to Number of steps or amount of time
effort execute the test on an ADS-DV compared required to execute the test procedures.
to current effort?
Additional Is additional functionality required to The test method will support positioning
positioning position the vehicle at the start of or during | the vehicle at the starting position of the
requirements the test? test.
Cycle time For procedures that require more than one Number of steps or amount of time

trial, how quickly can a test condition be
repeated?

required after the completion of each trial
to be ready to execute the next trial.

Data access

How easily and quickly can the necessary
test data be accessed?

Time and effort to get the data in a format
ready to process (or to get pass/fail
results).

Applicability How well does the method apply to or The functions required to execute a given
demonstrate a given test condition or test procedure can be executed by a given
functionality? method to demonstrate compliance.

Consistency Are the results consistent with those for The test method yields the same test
conventional vehicles? For non-ADS results as for a conventional non-ADS-
operation? equipped vehicle.

Variability How much do the results change over Results do not change when test is

multiple test runs?

repeated.

Each criterion was assigned a scoring system that ranged from binary to a five-point scale and
was defined based on the criterion and its definition. The research team performed an initial
evaluation of the methods based on the criteria to provide a reference score for the subsequent
SME evaluation. While having the initial ranking had the potential to bias the SME rankings, it
also provided a point of reference to evaluate whether the participant agreed or disagreed, which
was more time efficient.

The following figures (Figure 30 and Figure 31) provide the results of the SME criteria ranking
for the two categories.
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Figure 30. SME Ranking of Test and Functionality Criteria

ERank1 mRank2 ®Rank3

Preparation Effort [Ji5 N

351
[+

Execution Effort

Additional Positioning

Cycle Time |

Data Access VAR

Applicability 28 5 4
Consistency 5 18 10
Variability 10 15 17

Figure 31. SME Ranking of General Considerations Criteria

As the figures show, there was good consensus on the top ranked criteria, with safety widely
seen as the most important criterion. SMEs saw safety as a gating item for the rest of the criteria;
if the test could not be performed in a safe manner, then the method should not be used.
Sensitivity was ranked high based on the premise that if a method was not sensitive to the
systems being evaluated, then it should not be used for testing. When asked to explain the reason
that standardization was chosen, SMEs indicated that a method needed to be standardized across
test conditions to be applicable. This may reflect a slight misunderstanding of the operational
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definition for standardization, which was meant to focus more on the benefit of the method being
standardized to the implementation rather than the test being standardized. It is interesting to
note that cybersecurity was the fourth highest ranked criterion and received a similar number of
second place rankings to sensitivity and standardization. This was reflected in the comments
made during the discussion as well.

It is also interesting to note which criteria were ranked low. Cost, both to the manufacturer as
well as to NHTSA, were at the bottom of the scale. Gaming possibility was also ranked low
based on the top three rankings. Most SMEs who commented on this expressed the opinion that
there was not a significant incentive for manufacturers to game safety-related standards, where
gaming is defined as having the system perform differently during testing than during normal
operation. A distinction was made between this and designing a system to perform in such a way
to ensure that it would pass conformance verification testing.

For the second category, the final three criteria, applicability, consistency and variability,
dominated the SMEs rankings, with applicability receiving the largest number of first place
rankings. The rationale provided for each of these followed the same theme—if a method is not
applicable, consistent, or if there is a large amount of variability, it is not a useful method for
testing. It should be noted here that those criteria all are evaluated based on a method’s ability to
exercise a given functionality, so the final scoring looks at a given method in relationship to
steering or service brake application, for example.

Relative to the top three criteria, the other five received very few top-three votes. This is
consistent with the low ranking that cost received in the first set of criteria.

At the conclusion of this activity and then again at the end of the session following the rankings
of the methods, SMEs were asked if there were criteria that should be added, removed or
modified. Most thought that the list was sufficient, though some expressed the opinion that a
hierarchical structure might better show the relative importance such that if a method failed for a
given criterion such as safety, it would not be considered any further for the other criteria.

Common Themes

The following section reflects the common themes that were most often expressed or that were
particularly interesting based on expectations or previous feedback received. This reflects the
thoughts and opinions of the SMEs and should not be assumed to be the opinion or position of
the research team or NHTSA.

Collaboration

An opinion expressed in both the discussion and in the written comments was that the ability to
test ADS-DVs effectively, regardless of the method, will need to be a collaborative effort
between manufacturers and NHTSA. There were several thoughts as to what this collaboration
may look like. One idea put forth for human control testing was that a manufacturer could
provide a dedicated vehicle operator who would bring the necessary testing equipment and could
then perform the test at the facility of NHTSA’s choosing. This was consistent with another
comment made regarding standardization, where an SME expressed concern that, due to the
individual and proprietary nature of the vehicles and the fact that each vehicle will have different
subsystems, that it could be difficult for NHTSA to conduct testing without manufacturer
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collaboration. An SME from Manufacturer 1’°s focus group noted that “[NHTSA would need to]
work with OEMs and be flexible to potentially share equipment or information as well as to
understand the results.”

Several opinions were put forth as to how the programmed test method might be accomplished,
with most comments focused on the manufacturer doing the programming. A common concern
with testing in general was that the vehicle will have to operate in a manner it was not designed
to operate. A solution presented by one of the manufacturers was to have the manufacturer
provide a new ECU, or ECUs that could be swapped out, which would disable ADS constraints,
allowing the ADS-DV to execute the test procedures. This would also allow the manufacturer to
limit the ODD of the ADS-DV in space and time and allow them to limit the exposure to a single
vehicle rather than their entire product line. Regarding safety, one SME expressed concern that
safety may be a bigger consideration if NHTSA were to run the tests independently of the
manufacturer. A Tech or Startup SME noted, regarding safety, that “[programmed control] may
require additional safety measures at the test track.”

Technical Design Documentation

SMEs noted that while a manufacturer would have the information to populate a technical design
document package, it might require substantial effort to put that information together in a
releasable format. As a Manufacturer 1 SME remarked, “Prepping and submitting a design
documentation package will incur some cost.” Similarly, the level of effort and expertise that
may be required on NHTSA’s part to review the information would likely take more effort than
is currently required due to the complexity of the systems. An Advocacy or Trade Association
SME commented that “[design documentation will require] staffing and expertise.”

Simulation

Whereas previous feedback indicated that simulation was a likely path forward, several SMEs,
including experts in simulation, expressed concerns about using simulation for compliance
verification of FMVSS No. 126. The question of who supplied the model or how the model was
developed was one concern. The issue of getting accurate models of subsystems, such as ESC,
was also raised. Relative to this, it was expressed that the subsystems are tuned for a given model
and are proprietary and unique to a manufacturer. While HIL eliminates the problem of getting a
mathematical model of a subsystem or part of a subsystem, both manufacturers and suppliers
noted that the effort to set up a HIL simulation can be significant and still requires specific
knowledge for a given system to interface the hardware with the software. As a Manufacturer 3
SME noted in regard to HIL simulation, “[It is] very hard to emulate the interface to make brake
hardware happy. If [there is a] generic brake model, then simulation could be standardized.”
Another consideration is the need to calibrate and validate a model for a given vehicle. It was
proposed that it might be possible to define a standard test sequence that an ADS-DV could
execute under normal control for use in the validation process. While this may be sufficient for
linear operation of the vehicle, the question was raised as to whether a test in the linear range
would be sufficient to validate the model in the non-linear range, such as for FMVSS No. 126.
Even given these considerations, it was reasoned that a manufacturer-supplied model may be an
adequate method.
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Cybersecurity

A general consideration raised throughout the discussion (independent of the specific criteria)
was the impact the testing methods may have on cybersecurity. This was pertinent for human
control where a vehicle interface would be necessary, especially if there was a standard module,
or even a manufacturer-supplied module, that was outside of a manufacturer’s control. SMEs
also commented that programmed methods could increase the cybersecurity risk if a
preprogrammed routine resided on the vehicle, there was a scripting language that allowed for
vehicle control, or if there was an additional vehicle interface from which to run a program. As
an Advocacy or Trade Association SME commented, “Programmed control is another gateway
for [cybersecurity] attacks.” The general theme expressed by SMEs was balancing the potential
cyber exposure on all vehicles so a single random vehicle would have the potential to be tested if
deemed necessary. Again, SMEs expressed the importance of collaboration in helping address
some of these considerations.

Evaluation Challenge

Another theme that was expressed several times throughout the SME evaluation workshops was
the challenge associated with the exercise given the number of unknowns at this point. “It
depends” was used to preface comments by several SMEs, whereas others were more explicit in
stating that the evaluation was “too vague” to be able to be able to provide an accurate score. A
Manufacturer 1 SME noted that “[For both programmed control on-board and dongle, the test
assessment] depends on how [the test] is set up. Might be better; might be worse.”

Solution Path

The predominant view expressed by the SMEs was that programmed control of the ADS is the
most viable path forward. This was particularly true when looking at the long-term solution. As a
SME from Manufacturer 3 noted, “[ A programmed on-board scripted routine] may be the
preferred method. [Our company] chooses to perform these tests so little additional costs will be
incurred.” However, there were still a few SMEs who expressed their opinion that human control
is the best option and others who were proponents of non-vehicle-based methods (technical
design documentation and simulation). For a short-term solution, there was little consensus on a
single option. The use of a surrogate vehicle was expressed as a likely option. However, it was
also acknowledged that this is likely only viable as a short-term option, as ADS-DVs will
probably not share a platform with manually controlled vehicles for very long. Many SMEs
believed that manufacturers will likely have some form of human control for ADS-DVs and
therefore human control may be a short-term solution, though there may be limits as to what the
vehicle can do based on the usage model for the manufacturer compared to the requirements for
testing. Technical design documentation was also offered as a short-term solution, particularly if
it was accompanied by some form of testing. Because no single solution currently exists, there
was some consensus that a hybrid solution that includes some form of physical testing may be a
reasonable short-term solution.

Evaluation Criteria Scores

The section is organized by evaluation criteria and provides the score assigned by the research
team (shown in italics in the tables) and then the average and standard deviation of the scores
provided by the 45 participating SMEs (Table 10). The summary statistics provide an indication
of the group’s general consensus, how closely they were in agreement with each other, and how
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this compared to the research team’s assessment. A discussion follows, capturing key comments
expressed by SMEs during the evaluation process, both verbally and written.

Table 10. Example Evaluation Summary Presentation

Evaluations Vehicle-based Non-vehicle-based
Human - .
Control Programmed Design Simulation
On- Documentation

Wired | Wireless | Scripted Dongle SIL | HIL

board

Initial Assessment

Average SME
Score

SD of SME Score

Safety
Concept: Can the test be performed safely? (Table 11)

Definition: The number and complexity of special conditions, compared to baseline, required to
execute the test safely.

Scale

1 — Needs extensive additional safety equipment

2 — Safety considerations may not be fully addressed with minor additional test equipment.
3 — Safety can be addressed with minor additional test equipment (e.g., e-stop for testing)
4 — Minor additional safety considerations (e.g., test space requirements)

5 — Same or fewer safety considerations as conventional vehicle

Table 11. Evaluation of Safety Criteria

Evaluations Vehicle-based Non-vehicle-based
Human . .
Control Programmed Design Simulation
Wired | Wireless | Scripted bgillr_d Dongle Documentation SIL | HIL
Initial Assessment | 4.0 3.0 2.0 3.0 3.0 n/a n/a | n/a
Average SME | - 2.8 2.4 2.9 2.9
Score
SD of SME Score | 0.8 0.7 0.8 0.5 0.6

Safety was highest rated among SMEs, as shown in Table 11. The group generally agreed with
the rankings, though they did, on average, score human control slightly lower and scripted
control slightly higher. A summary of SMEs considerations regarding safety is given here. The
order in which the comments are presented tend to follow the order that the methods are listed in
the table and do not imply an assessment of importance.
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For human control, the dependence of safety on who was operating the control module and what
level of control it would allow were noted considerations. One SME commented that if the
adaptation was done independently of the manufacturer’s help, safety would decrease.

Specific to wireless control, several SMEs commented on the possibility of connection loss and
the associated safety considerations. One proposed solution was independent wireless
connections for steering and brake to minimize the potential of simultaneous lateral and
longitudinal control loss. For example, one Equipment or Service Provider SME noted: “What
happens when connection is lost? How does [the] driver intervene? Might need separate
interfaces for steering versus braking so one [connection] being lost does not stop all function or
implement failsafe to stop when signal is lost.” Another consideration for wireless operation is
danger when the remote control vehicle is traveling toward the operator, since the controls are
backwards compared to when oriented in the direction of travel. Wireless control caused two
SME:s to bring up cybersecurity, one noting concern over denial of service.

In general, participants saw the programmed routine as analogous to the way that FMVSS No.
126 is run today. Consequently, the safety would be similar, though the inclusion of an e-stop or
a geofence to prevent potential runaway were both suggested. One Equipment or Service
Provider SME noted the latter: “Some sort of geofence may be necessary to prevent runaway.”

Cost Estimate: Manufacturer

Concept: What are the initial (including development and equipment costs) and recurring costs?
(Table 12)

Definition: Relative cost for manufacturer to develop/implement method for new vehicle
model/platform.

Scale

1 — Could be cost prohibitive
2 — Significant additional cost
3 — Moderate additional cost
4 — Minimal additional cost

5 — No additional cost

Table 12. Evaluation of Cost Estimate to Manufacturer

Evaluations Vehicle-based Non-vehicle-based
Human . .
Control Programmed Design Simulation
Wired | Wireless | Scripted bgillr_d Dongle Documentation SIL | HIL
Initial Assessment | 2.0 3.0 3.0 3.0 2.0 5.0 4.0 | 3.0
Average SME |, , |, ¢ 2.7 28 | 24 4.4 35 | 28
Score
SD of SME Score | 0.7 0.6 0.7 0.7 0.7 0.7 08 | 0.5
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Though cost was ranked low (Table 12), there was good discussion regarding the costs to the
manufacturer.

Wired human control covered the spectrum, with one SME stating that it could be an extension
of existing equipment, which would keep cost down, whereas another stated that it would be all
new equipment, which would be costly. Cybersecurity was a consideration relative to the cost of
securing the system.

Similar to human control, different SMEs had different perspectives about programmed control.
One SME commented that it would all be from scratch, whereas others implied that they
currently had the capability to run in programmed mode. For the scripted capability, comments
from one SME indicated that there would be an additional cost to create the scripting language
and interface. A Tech or Startup SME noted that, “[ The scripted routine] may involve significant
additional costs to give NHTSA the ability to run scripts while maintaining cybersecurity.”

Regarding design documentation, several SMEs said that while they would have the necessary
information, the associated costs of compiling, translating, creating a formal report, and going
through the layer of approvals is not negligible, though it is significantly less than the vehicle-
based methods.

Similar to design documentation, SMEs indicated that the cost considerations for simulation
included the dependence on the level of fidelity required, the need to prove the correlation, the
potential need to model additional components, and the question of who is responsible for
creating the vehicle models. One SME commented that simulation is likely already being
performed in-house so there may be little additional cost.

One SME noted that cybersecurity is a consideration for risk mitigation for the vehicle-based
methods.

Cost Estimate: NHTSA

Concept: What are the initial (including development and equipment) and recurring costs?
(Table 13)

Definition: Relative cost for NHTSA to execute test on new vehicle model/platform.

Scale

1 — Could be cost prohibitive
2 — Significant additional cost
3 — Moderate additional cost
4 — Minimal additional cost

5 — No additional cost
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Table 13. Evaluation of Cost Estimate to NHTSA

Evaluations Vehicle-based Non-vehicle-based
Human . .
Control Programmed Design Simulation
Wired | Wireless | Scripted bgillr_d Dongle Documentation SIL | HIL
Initial Assessment | 3.0 3.0 5.0 5.0 5.0 5.0 2.0 | 1.0
Average SME | -, 2.9 4.4 4.6 4.5 4.7 1.9 | 12
Score
SD of SME Score | 0.8 0.7 0.9 0.7 0.9 0.6 05| 05

Some of the comments for the cost to NHTSA were similar to those for cost to manufacturers
(see Table 13 for scores). Human control would be a function of who provided the hardware. For
programmed control, SMEs noted that there may be additional personnel costs for an operator
with additional expertise to program the testing. However, they also noted this should not be a
recurring cost. SMEs were of the general opinion that NHTSA would incur significant costs for
simulation implementation. For design documentation, additional staffing and time to review the
detailed documentation could have additional associated costs.

Three SMEs commented that the cost could be prohibitive if NHTSA and manufacturers did not
work together, especially early on when everything is new.

Sensitivity

Concept: Are the results insensitive to changes not associated with the test? (Table 14)

Definition: Observed differences, variance in intermediate steps, or differences in results due to
factors not controlled in test procedures (e.g., test operator, location, GPS signal quality, etc.)
that may impact final result.

Scale

1 — Results likely to be impacted

2 — Results may be impacted

3 — Final results are unlikely to be impacted
4 — Intermediate results could be affected

5 — Insensitive to outside factors

Table 14. Evaluation of Sensitivity Criteria

Evaluations Vehicle-based Non-vehicle-based
Human . .
Control Programmed Design Simulation
Wired | Wireless | Scripted bggr_d Dongle Documentation SIL | HIL
Initial Assessment | 5.0 5.0 4.0 4.0 4.0 n/a n/a | n/a
Average SME | 5 42 4.0 4.0 4.0 3.0 1.7 | 13
Score
SD of SME Score | 1.1 1.1 0.5 0.6 0.5 0.0 05| 05
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Sensitivity was the second highest ranked criterion, as shown in Table 14. The reason for this
was captured by one SME, who stated that if a method is applicable, it should be sensitive to the
relevant factors and therefore yield the same results as a vehicle with manually operated driving
controls. There were differences of opinion in how human control should be scored. Some SMEs
considered this as applied to FMVSS No. 126 with a human executing the test inputs, which they
noted would yield unrepeatable results. For the programmed criterion, some SMEs noted that
this is done currently and therefore should be similar for ADS-DVs. One SME observed that it
could be standard-dependent. Though non-vehicle-based methods were not ranked by the
research team, some SMEs thought that it should be scored and left relatively low scores for both
design documentation and simulation. For simulation, sensitivity to measured parameters had the
consideration of assuming that the simulation was correct to start with.

For sensitivity, more than one SME commented on the importance of collaboration between
NHTSA and manufacturers.

Standardization

Concept: Does the method (i.e., associated test tools and evaluation criteria) lend itself to
standardization? (Table 15)

Definition: For methods that lend themselves to standardization, the level of effort required for
standardization.

Scale

1 — Significant effort
2 — Moderate effort
3 — Minimal effort

Table 15. Evaluation of Standardization for Methods

Evaluations Vehicle-based Non-vehicle-based

Human . .

Control Programmed Design Simulation

Wired | Wireless | Scripted On- Dongle Documentation SIL | HIL

board

[nitial |, , 1.0 2.0 3.0 2.0 3.0 10| 1.0
Assessment

Average SME |, | 1.1 2.0 2.5 2.0 2.8 L1 1.1
Score

SD of SME 04 0.3 04 0.7 0.5 0.5 0.6 | 0.6
Score

One SME commented that standardization, once established, would greatly ease level of effort,
but would also be challenging. Another commented that standardization among suppliers and
manufacturers will always take at least a moderate level of effort. Based on the scoring, this
appeared to be the general consensus among SMEs (Table 15).
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For the methods themselves, there were few comments regarding human control, though one
SME thought that wireless would be easier to standardize since there would be fewer “wires” to
standardize. For programmed methods, several SMEs expressed the opinion that there would be
no difference in the level of effort for the different methods. One SME commented that using a
laptop for the interface would be better than using specialized hardware since the standardization
could create a vulnerability that would otherwise not exist. Regarding simulation, the possibility
of standardizing the testing was suggested. Things like interfaces to modules for HIL would be
very challenging, as this is proprietary and unique information. For example, one Manufacturer 3
SME noted, “Standardization of the simulation SW and simulation HIL would be very difficult
across OEMs and suppliers.”

Cvbersecurity

Concept: What, if any, is the relative level of cybersecurity considerations that could be
introduced by a given method? (Table 16)

Definition: The possibility of introducing additional cybersecurity vulnerabilities and attack
vectors.

Scale

1 — Introduction of cybersecurity threats

2 — Likely introduction of cybersecurity threats

3 — Moderate possibility of additional cybersecurity threats
4 — Possible cybersecurity threats

5 — No additional issues

Table 16. Evaluation of Cybersecurity

Evaluations Vehicle-based Non-vehicle-based
Human . .
Control Programmed Design Simulation
Wired | Wireless | Scripted bggr-d Dongle Documentation | o |
Initial Assessment | 2.0 1.0 2.0 3.0 3.0 5.0 5.0 | 5.0
Average SME | -, , 1.2 1.9 2.6 2.6 4.8 49 | 4.9
Score
SD of SME Score | 0.6 0.6 0.5 0.6 0.8 0.7 04 | 0.6

As the scores show (Table 16), in general, SMEs were more pessimistic about the introduction of
threats from implementing the vehicle-based methods. The primary consideration was that an
interface to the vehicle opens up a gateway for a potential attack. One SME did pose the
consideration that a chip in the dongle could potentially be used as a means for security. In
addition, a couple of SMEs commented that the availability of detailed information in the
technical design documentation or in the simulation could potentially introduce a vulnerability as
well. However, compared to the vehicle-based methods, this was seen as a relatively low
probability.
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Gaming Possibility

Concept: Is a particular method susceptible to “gaming” a given test? (Table 17)

Definition: Ease with which a test method would allow the vehicle under test to be tuned to
perform differently during testing as with normal operation.

Scale

1 — Gaming easy to implement and difficult to detect
2 — Gaming requires effort and not easy to check for
3 — Gaming easy and easy to check for

4 — Gaming requires effort but easy to check for

5 — Insensitive to gaming efforts

Table 17. Evaluation of Gaming Possibility

Evaluations Vehicle-based Non-vehicle-based
Human . .
Control Programmed Design Simulation
Wired | Wireless | Scripted bgerllr-d Dongle Documentation SIL | HIL
Initial Assessment | 4.0 4.0 2.0 1.0 1.0 1.0 2.0 | 1.0
Average SME | - 37 2.0 1.4 1.4 1.1 1.8 | 1.3
Score
SD of SME Score | 0.7 0.7 0.8 0.9 0.9 0.5 04 | 0.7

The general thoughts on gaming can likely be summarized with comments from two different
SMEs. One observed that since vehicle-based methods would require the vehicle to operate in a
non-normal mode, they have the potential to change the system performance compared to an
ADS-DV operating normally. However, several SMEs questioned the motivation for altering
system response during testing. With regards to FMVSS No 126, one SME commented that the
hardware is present and, while the ESC will be tuned to be “sporty” for different classes of
human-driven vehicles, there is no incentive to do this for an ADS-DV. For simulation, one SME
commented that since many of the subsystems are black boxes, it is nearly impossible to confirm
that the code is the same as in the vehicle. So, while gaming is possible and likely difficult to
catch, the general consensus was that there is little incentive to attempt it, making it an
insignificant threat (Table 17).

Preparation Effort

Concept: Are there additional challenges in setting up an ADS-DV compared to a conventional
vehicle? (Table 18)

Definition: Number of steps or amount of time required to set up vehicle prior to test.

Scale

1 — Significant additional prep time
2 — Slight additional prep time

3 — No additional time
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4 — Slight time savings
5 — Significant time savings

Table 18. Evaluation of Preparation Effort

Evaluations Vehicle-based Non-vehicle-based
Human . .
Control Programmed Design Simulation
Wired | Wireless | Scripted bggr-d Dongle Documentation | o |y
Initial Assessment | 1.0 2.0 1.0 5.0 5.0 n/a n/a | n/a
Average SME | 1.7 1.5 45 4.6 23 23 | 1.7
Score
SD of SME Score | 0.5 0.5 0.8 0.8 0.8 04 04 | 0.5

There were few comments regarding human control, but several SMEs had comments regarding
programmed operation (Table 18). One commented that the level of effort is test dependent;
while there would likely be time savings for programmed FMVSS No. 126 testing compared to
current testing involving setting up the steering robot, there may not be any savings for test
procedures associated with FMVSS Nos. 114 and 138. Another SME reiterated the need for
interaction with the vehicle manufacturer during the preparation.

Consistent with earlier comments for non-vehicle-based methods, participants noted a time cost
associated with preparing both documentation and setting up a simulation. One SME commented
that for HIL, preparation time is an important consideration, as setting up a system, such as the
braking system, that would benefit from HIL, requires a significant amount of work. Though
execution time is fast once the simulation is set up, set-up time can be significant compared to
the current test set up.

Execution Effort

Concept: In general, is it more or less difficult to execute the test on an ADS-DV compared to
current effort? (Table 19)

Definition: Number of steps or amount of time required to execute the test procedures.

Scale

1 — Significant additional time
2 — Slight additional time

3 — No additional time

4 — Slight time savings

5 — Significant time savings
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Table 19. Evaluation of Execution Effort

Evaluations Vehicle-based Non-vehicle-based
Human . .
Control Programmed Design Simulation
Wired | Wireless | Scripted bgillr_d Dongle Documentation SIL | HIL
Initial Assessment | 3.0 3.0 4.0 4.0 4.0 n/a n/a | n/a
Average SME | -, ¢ 2.8 3.9 3.8 3.9 1.8 25 | 2.6
Score
SD of SME Score | 0.4 0.4 0.7 0.7 0.7 0.8 1.5 14

In general, SMEs agreed that the execution time would be similar, but several expressed that it
would also be test dependent, as would the preparation effort (Table 19). For the design
documentation, those who commented indicated that this method would take longer than it takes
to execute a test today.

Additional Positioning Requirements

Concept: Is additional functionality required to position the vehicle at the start of or during the
test? (Table 20)

Definition: The test method will support positioning the vehicle at the start of a test and/or
repositioning during the test, if necessary.

Scale

1 — Test may require additional positioning equipment
5 — No special equipment required to position or reposition the vehicle

Table 20. Evaluation of Additional Positioning Requirements

Evaluations Vehicle-based Non-vehicle-based
Human . .
Control Programmed Design Simulation
Wired | Wireless | Scripted bggr_d Dongle Documentation SIL | HIL
Initial Assessment | 5.0 5.0 1.0 1.0 1.0 n/a n/a | n/a
Average SME | o 4.9 1.2 1.3 1.2
Score
SD of SME Score | 0.6 0.6 0.8 1.0 0.8

There were few comments regarding the need for additional positioning (Table 20). However,
two SMEs brought up the consideration that this could be test track dependent; if within the
vehicle’s ODD, additional positioning may not be needed. If the test surface is fixed, it was
suggested that the starting point could be programmed, thus eliminating the need for additional
positioning. Counter to this latter observation, another SME commented that a key consideration
is test facility use by other groups—tests should not take more track area than they currently do
in order to avoid excluding other users.
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Cycle Time

Concept: For procedures that require more than one trial, how quickly can a test condition be
repeated? (Table 21)

Definition: Number of steps or amount of time required after the completion of each trial to be
ready to execute the next trial.

Scale

1 — Significant additional time
2 — Slight additional time

3 — No additional time

4 — Slight time savings

5 — Significant time savings

Table 21. Evaluation of Cycle Time

Evaluations Vehicle-based Non-vehicle-based
Human . .
Control Programmed Design Simulation
Wired | Wireless | Scripted bggr_d Dongle Documentation | o |
Initial Assessment | 3.0 3.0 2.0 4.0 4.0 n/a n/a | n/a
Average SME | -5 3.0 2.5 3.8 3.8
Score
SD of SME Score | 0.3 0.3 0.7 0.6 0.6

The programmed method elicited the majority of the comments and yielded a variety of opinions
(Table 21). One SME stated that programmed operation should greatly reduce cycle time,
whereas another thought that the location of the test could affect cycle time in terms of
repositioning. In general, the opinion was that programmed testing would likely be similar to
current testing.

Data Access

Concept: How easily and quickly can the necessary test data be accessed? (Table 22)

Definition: Time and effort to get the data in a format ready to process (or to get pass/fail
results).

Scale

1 — Significant additional time
2 — Slight additional time

3 — No additional time

4 — Slight time savings

5 — Significant time savings
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Table 22. Evaluation of Data Access

Evaluations Vehicle-based Non-vehicle-based
Human . .
Control Programmed Design Simulation
Wired | Wireless | Scripted bgillr_d Dongle Documentation SIL | HIL
Initial Assessment | 3.0 3.0 4.0 4.0 3.0 n/a n/a | n/a
Average SME |5 3.0 3.6 3.6 33
Score
SD of SME Score | 0.1 0.1 0.6 0.6 0.5

An interesting consideration expressed for data access is that NHTSA should use their own
sensors and data acquisition system to eliminate the possibility of manufacturer influencing the
results. During the discussion, a similar consideration was put forth specifically for FMVSS No.
126: it was suggested that the steering system output could be instrumented to confirm steering
input independent of a particular steering system configuration.

While most SMEs responded that there would be little difference relative to current vehicles, one
commented that it may not be trivial to get vehicle data given the sheer amount of ADS-DV data
that exists, and that data may be on different networks and, therefore, in different locations
(Table 22). Related to this, one SME drew the analogy to the standardization effort for electronic
data recorders to make a common set of data accessible. Contrasting these perspectives, another
SME thought that, given the ADS’s computing requirements, data access would be the easy part
of the process.

Functionality-Based Criteria

The next three criteria are evaluated based on how well a given method is suited for one of the
vehicle functionalities associated with FMVSS or test procedures. The evaluation matrix was
split into driving functionalities and non-driving functionalities for each criterion (Table 23 to
Table 28). At the SME workshops, participants were instructed that they only needed to score
items with which they did not agree and were asked to provide their rationale as well as any
other general comments. The SME scores were averaged, and, if at least five people changed
their score, then a + or — was added to indicate if the average was above or below the original. As
before, a summary of the SME comments is provided following the matrix.

Applicability

Concept: How well does the method apply to a given test condition or functionality? (Table 23
and Table 24)

Definition: The functions required to execute a given test procedure can be executed by a given
method to demonstrate compliance.

106



Scale

1 — Method is not applicable for functionality
3 — Method may be applicable
5 — Method is applicable for functionality

Table 23. Evaluation for Applicability of Driving Functionalities

Steering CS(?;;(:)I Service Parking Gear
Control Brake Brake | Selection
(veh./eng.)
Basic | Precise | Basic | Precise | Basic | Precise
Human Control
Wired 5 5- 5 5 5 5 5 5
Wireless 5 3+ 5 5 5 3+ 5 5
Programmed
Scripted 5 5 5 5 5 5 5 5
Program 5 5 5 5 5 5 5 5
Design Documentation 3+ 3+ 3+ 3+ 3+ 3+ 5- 5
Simulation
SW 5 3+ 5 3+ 5 3+ 5 5
HIL 5 5- 5 3+ 5 5- 5 5
Table 24. Evaluation for Applicability of Non-Driving Functionalities
Telltales/ | Key Ignition Accessory Door | Non-
Warning/ | Insertion/ | Start/ Mode Open/ | Driving | Visibility
Indicators | Removal | Stop Close | Controls
Human Control
Wired 5 5 3+ 3+ 3+ 5 1
Wireless 5 5 3+ 3 3 5 1
Programmed
Scripted 3+ 3 5 5 3 3+ 3
Program 3+ 3 5 5 3 3 3
Design
Documentation 3 3 3 3 3 3 3
Simulation
SW 3+ 3 3 3 1 1+ 3-
HIL 5 3 3 3 1 1+ 3

Several SMEs’ assessments were dependent on manufacturers working with NHTSA. Similarly,
more than one SME commented that the scoring was dependent on how the method was
implemented. Regarding simulation, one SME indicated that they did not see how simulation
would be of practical use external to a manufacturer. For technical design documentation, one
SME noted that it is more applicable for some standards than others, but all should include

results from some form of physical testing.
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There were fewer comments for the non-driving functionalities; however, several SMEs did
express the opinion that door state, non-driving controls, and visibility could be used as inputs
into HIL simulation (Table 24).

Consistency

Concept: Are the results consistent with those for non-ADS operation? (Table 25 and Table 26)

Definition: The test method yields the same test results as for a non-ADS-equipped vehicle.

Scale

1 — Method may not yield consistent results
3 — Method may be consistent
5 — Method should yield consistent results

Table 25. Evaluation for Consistency of Driving Functionalities

Steering CS(?:ti((l)l Service Parking Gear
Control Brake Brake | Selection
(veh./eng.)
Basic | Precise | Basic | Precise | Basic | Precise
Human Control
Wired 5 5- 5 5 5 5
Wireless 5 1+ 5 1+ 5 1+ 5 5
Programmed
Scripted 5 5- 5 5 5 5 5 5
Program 5 5- 5 5 5 5 5 5
Design Documentation 3+ 3+ 3+ 3+ 3+ 3+ 5 5
Simulation
SW 3+ 3 5 3+ 5- 3+ 5 5
HIL 3+ 3 5 3+ 5- 3+ 5 5
Table 26. Evaluation for Consistency of Non-Driving Functionalities
Telltales/ | Key Ignition Door | Non-
. . Accessory . . S
Warnings/ | Insertion/ | Start/ Mode Open/ | Driving | Visibility
Indicators | Removal | Stop Close | Controls
Human Control
Wired 5 5 3 3 3 5 1
Wireless 5 5 3 3 3 5 1
Programmed
Scripted 3+ 3 5 5 3 3 3
Program 3 3 5 5 3 3 3
Design
Documentation > 3 > 3 3 3 3
Simulation
SW 3 3 3 3 1 1+ 3
HIL 5 3 3 3 1 1+ 3
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Drawing an analogy to conventional vehicles, one SME pointed out that today’s vehicles have
detailed electrical and mechanical design documentation, but this does not guarantee that the
signals are sent or received properly. There was a general comment regarding FMVSS No. 126
that the test procedure may be more effective for ADS-DVs if it were redefined based on path

and speed profiles.

Variability: Driving Functionalities

Concept: How much do the results change over multiple test runs? (Table 27 and Table 28)

Definition: Results do not change when test is repeated.

Scale

1 — Likely to introduce variability
3 — May cause variability

5 — Method should not introduce variability

Table 27. Evaluation for Variability of Driving Functionalities

Speed

Steering Control Service Parking Gear
Control Brake Brake | Selection
(veh./eng.)
Basic | Precise | Basic | Precise | Basic | Precise
Human Control
Wired 5 5 5 5 5 5 5 5
Wireless 5 3+ 5 5 5 3+ 5 5
Programmed
Scripted 5 5 5 5 5 5 5 5
Program 5 5 5 5 5 5 5 5
Design Documentation n/a n/a n/a n/a n/a n/a n/a n/a
Simulation
SW n/a n/a n/a n/a n/a n/a n/a n/a
HIL n/a n/a n/a n/a n/a n/a n/a n/a

109




Table 28. Evaluation for Variability of Non-Driving Functionalities

Telltales/ Key Ignition Accessory Door Non-
Warning/ | Insertion/ | Start/ Mode Open/ | Driving | Visibility
Indicators | Removal Stop Close | Controls
Human Control
Wired 5 5 3 3 3 5 1
Wireless 5 5 3 3 3 5 1
Programmed
Scripted 3+ 3 5 5 3 3 3
Program 3+ 3 5 5 3 3 3
Design . n/a n/a n/a n/a n/a n/a n/a
Documentation
Simulation
SW n/a n/a n/a n/a n/a n/a n/a
HIL n/a n/a n/a n/a n/a n/a n/a

One SME put forth the consideration that the system has inherent variability that must be
accounted for in the test results. For programmed operation, one SME indicated that there is a
dependency on the standard being tested for telltales and key functionality.

Findings

The evaluation of the test methods provided an opportunity to investigate possible applicable
methods for compliance verification of the FMVSS functionalities covered in Volume 1 and
Volume 2 research. The effort demonstrated technical feasibility for vehicle-based methods, and
the potential for non-vehicle-based methods, to provide an indication of compliance. The input
received from the SME evaluation helps provide additional insight from industry as to a potential
path forward for ADS-DVs.
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Chapter 6. Summary of Research Findings

This project provides research findings in the form of technical translation options to potential
regulatory barriers in the FMVSS and associated test procedures identified for compliance
verification of innovative new vehicle designs that may appear in ADS-equipped vehicles. Test
procedures are used by NHTSA to assess compliance with the FMVSS performance
requirements. The FMVSS technical translations effort is focused on a particular type of ADS-
equipped vehicle—the ADS-DV—which, for the purposes of this project, is defined as a vehicle
designed to be operated exclusively by an SAE level 4 or level 5 ADS for all trips without
manually operated driving controls in the vehicle.

Approach and Process

Similar to the Volume 1 research, crosscutting analyses were developed to drive consistency in
the technical translation options and clarify when individual standards might benefit from unique
options or approaches. This allowed for the development of a potential range of options, and
recognition of where an option in one standard could have broader implications. During the
translation process, the research team reviewed the FMVSS regulatory language and test
procedures. Several parts of the regulatory language include standards that are incorporated by
reference. This set of technical translations and test procedures work provides a framework for
the evaluation of the standards covered in Volume 2 research and beyond.

Crash Avoidance Standards

In most cases, it was determined that language in the 100-series standards could be addressed
with straightforward clarification of the regulatory text. The FMVSS 100-series standards
covered in the Volume 2 research had many of the same themes encountered during the Volume
1 research. Many of these represent some of the inherent assumptions that a human is driving the
vehicle using manually operated driving controls (e.g., FMVSS No. 124 and 126). The technical
translations provided options for how to treat the “driver” references in a consistent way across
the Volume 1 and Volume 2 standards. Since the project is focused on ADS-DVs and may not be
taking into account all potential considerations for dual-mode vehicles (as those are outside of
the current project scope), when requirements were suitable, the terms “ADS-DV” and
“manually operated driving controls” are used in the technical translation options.

The visibility theme found in some of the Volume 2 standards (FMVSS No. 103, 104 and 113)
was distinct from the FMVSS No. 108 visibility theme addressed with the Volume 1 technical
translation options. These Volume 2 standards focused on the human driver having a clear and
reasonably unobstructed view (e.g., through the windshield and windows and to the rear of the
vehicle using equipment such as mirrors and a rear image). The technical translations included
option(s) retaining the performance requirements for ADS-DVs or, in some cases, specifying the
requirement(s) for vehicles with manually operated driving controls. For FMVSS No. 111, it was
determined that more research was needed in order to perform the technical translations.
However, possible approaches to translating the standard were considered. FMVSS No. 101 also
includes aspects of visibility, specifying provisions for location, identification, color, and
illumination of motor vehicle controls, telltales, and indicators. The research team considered
that some of the information that is currently communicated to the human driver might be safety-
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relevant for occupants in the absence of a human driver inside the occupant compartment. ADS
information delivery and presentation requirements could potentially be a part of the FMVSS
No. 101 technical translation options. Mandating the communication of this information and the
method of verification could also be contained within the FMVSS in which they are specified, if
not already present in the FMVSS.

Many of the test procedures in the regulatory text may have potential compliance verification
barriers. The development of methods that may allow NHTSA to perform the test procedures to
verify the compliance of ADS-DVs is a critical aspect of removing these barriers. While many of
these same verification barriers were present in the Volume 1 standards, FMVSS Nos. 110 and
126 specify vehicle control requirements that correspond to emergency driving conditions. These
helped identify additional considerations for testing and influenced the design requirements for
the actuators used in the automated test platform.

Crashworthiness and Occupant Protection Standards

This effort focused on occupant protection for ADS-DVs with conventional seating. This
included ADS-DVs with forward-facing seating, but without manually operated driving controls.
Unconventional seating configurations, such as rear-facing or side-facing seats have not yet been
considered but may be part of future NHTSA research. Translations were provided for the 200-
series test procedures, but no test procedure development was needed. The test procedures
developed for the passenger seating positions could be used for ADS-DVs, given that the main
difference between the two front outboard seating positions in conventional vehicles is the
presence or absence of manually operated driving controls. ADS developments may be changing
the role of the rear seat to be more like that of the front seat, affecting FMVSS No. 208 in
particular.

Beyond Volume 2 Research

In general, Volume 2 research focused primarily on the 100-series (crash avoidance) and the
200-series (crashworthiness/occupant protection) FMVSS. The knowledge gained and
considerations made during evaluation of the 12 FMVSS that were covered in Volume 1 research
and the 18 FMVSS covered in this report will be leveraged for the remaining portions of the
FMVSS. Future research conducted by NHTSA may address design aspects, such as
unconventional seating configurations, and other FMVSS as NHTSA sees fit. Any additional
work will be addressed longer term and documented in a separate report or reports.

One of the outcomes from this portion of the research is the need to develop vehicle interior
packaging tools for designs that are not dependent on a driver’s DSP (e.g., relative to H-point for
driver’s DSP) or a human driver facing the windshield (e.g., eyellipse) to eliminate potential
barriers they may present for ADS-DVs. This would benefit multiple safety standards. The
following sections also present potential future research considerations.

Crash Avoidance Standards

The potential for unknown seating patterns and unconventional seating configurations in an
ADS-DV influenced some of the technical translation option development for the 100-series. As
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part of the technical translation presented herein, multiple seating positions were provided as
options for delivering information currently communicated to the human driver that may be
safety-relevant for occupants in the absence of a human driver. Research to ensure that the
information presented is accessible (e.g., visible, location[s], reach) to occupants may need to be
explored further with the goal of developing an occupant procedure that builds on the technical
translation options.

Today, a human driver is responsible for the operational readiness of a vehicle (i.e., for putting
the vehicle in a suitable condition for the trip). For an ADS-DV, a dispatcher or dispatching
entity (e.g., vehicle owner and/or fleet management company) may be responsible for verifying
the ADS-equipped vehicle’s operational readiness. Comprehension of the information provided
to the occupant assumes that the occupant is a competent user. Moving forward, research could
be conducted to define what it means to be a “competent user” with considerations for the
associated occupant action to be elicited. Policies associated with airline, rail, and transit travel
may be a starting point for developing guidance. Other aspects of importance (e.g., cognitive
and/or physical disabilities) to operationally define a competent user may be considered. This
may help provide further understanding of the relevance and delivery method of regulatory
information and the potential impact of the many possible ADS-DV market implementations.

A few of the Volume 2 standards may benefit from additional research focused on targeted
performance criteria and associated test procedures unique to the standard. Further research may
assist in identifying the FOV requirements applicable to ADS-DVs and a means of assuring that
the appropriate information is provided to the ADS.

Another example would be FMVSS No. 110, which may be beneficial to research in order to
develop new methods for maximizing the normal load on a given tire without assuming a typical
seating pattern. The result of this research could be an updated table for unconventional seating
patterns or perhaps the development of an additional vehicle test that experimentally determines
the maximum tire loading for the associated seating capacity. FMVSS No. 126 is unique in the
specificity of the defined control inputs and the means to execute them. Research that further
evaluates the different steering input alternatives to create a potential set of test procedures may
help advance the work done for this project. Further study could identify and define alternatives
for specific FMVSS No. 126 test procedures, such as using low-speed human control for
repositioning of the vehicle and programming for SWD test runs.

Three different vehicle-based test methods were investigated during Volume 2 research to
demonstrate their applicability for different functionalities either specifically regulated in the
different FMVSS or required implicitly or explicitly to verify compliance. The control of many
of these functionalities is dependent on the test method employed. Some of the methods may be
more applicable for different test procedures or parts of test procedures. The long-term research
will include evaluation of the remaining standards—particularly the brake systems standard— to
address some of the functionalities that may not have yet been assessed (e.g., brake sequence).
Additionally, heavy-truck-specific standards will be assessed to ensure the test methods could
apply across vehicle platforms. One of the possible next steps would be to address some of the
potential implementation considerations relative to specific standards and test methods (e.g.,
FMVSS No. 126 steering input associated with a particular test method).
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Crashworthiness Standards

Future research may review the crashworthiness standards again but with a focus on rear-facing
seating configurations. As the assessment of different concept vehicles in the Volume 1 report
indicates, many different seating configurations are possible (e.g., rear-facing and/or inboard-
facing), even some likely not contemplated in the concept vehicles in the Volume 1 report.
Therefore, results presented herein will need to be reevaluated for those potential configurations.
As part of the technical translation approach, multiple seating positions were provided as options
for communicating information currently conveyed to the human driver that could be deemed
safety-relevant for occupants in the absence of a human driver (e.g., seat belt warnings for rear-
seated occupants). Research to ensure the visibility of the presented warnings may need to be
explored.
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Appendix A. Definitions

ADS-Related Definitions
Incorporated from SAE International’s Recommended Practice J3016, Taxonomy and Definitions for Terms

Related to Driving Automation Systems for On-Road Motor Vehicles

Automated Driving System
(ADS)

The hardware and software that are collectively capable of performing the entire dynamic driving task (DDT) on a
sustained basis, regardless of whether it is limited to a specific operational design domain (ODD); this term is used
specifically to describe a level 3, 4, or 5 driving automation system (SAE International, 2018, p.3).

Operational Design Domain
(oDD)

Operating conditions under which a given driving automation system or feature thereof is specifically designed to
function, including, but not limited to, environmental, geographical, and time-of-day restrictions, and/or the requisite
presence or absence of certain traffic or roadway characteristics (SAE International, 2018, p.14).

Dynamic Driving Task (DDT)

All of the real-time operational and tactical functions require to operate a vehicle in on-road traffic, excluding the

strategic functions such as trip scheduling and selection of destinations and waypoints, and including without limitation:

e Lateral vehicle motion control via steering (operational);

e Longitudinal vehicle motion control via acceleration and deceleration (operational);

e  Monitoring the driving environment via object and event detection, recognition, classification, and response
preparation (operational and tactical);

e Object and event response execution (operational and tactical);

e Maneuver planning (tactical); and

e Enhancing conspicuity via lighting, signaling and gesturing, etc. (tactical) (SAE International, 2018, p.6).

Automated Driving System -
Dedicated Vehicle
(ADS-DV)

Based on Section 3.3 of SAE International (2018) “a vehicle designed to be operated exclusively by a level 4 or level 5 ADS
during all trips within its given ODD (Operational Design Domain) limitation (if any)” and which may lack manual vehicle
control systems such as braking, accelerating, steering, and transmission gear selection input devices. Additional
considerations identified by SAE International in its definition of ADS-DV include the following (SAE International, 2018,
p.4):

ADS-DVs might be operated temporarily by a conventional or remote driver:

(1) to manage transient deviations from the ODD,

(2) to address a system failure, or

(3) while in a marshalling yard before being dispatched.

Translation Note

ADS-related definitions are interchangeable with the driver, seating, and driving control definitions options. SAE
International’s definition of ADS-DV indicates that some ADS-DVs could contain driving controls and be used to describe a
level 3 driving automation system as well as level 4 and level 5 systems. For the purposes of this project, the FMVSS
technical translation options focused on a particular type of ADS-DV, a vehicle designed to be operated exclusively by an
SAE level 4 or level 5 ADS for all trips, and which is not equipped with manually operated driving controls.
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Driver Definitions

Currently specified in 49 CFR § 571.3 Driver means the occupant of a motor vehicle seated immediately behind the steering control system.
Driver means: Driver means the occupant of a motor vehicle
(1) the occupant (human driver) of a motor vehicle seated immediately behind the manually
seated immediately behind the manually operated | operated driving controls.
Driver driving controls, and

(2) the ADS (ADS driver), for ADS-equipped vehicles
when the ADS is engaged. When the ADS is not
engaged, the definition in paragraph (1) applies.

Driver definition Options 1 or 2 are interchangeable with the ADS-related, seating, and driving control

definitions.
Option 1 incorporates the ADS into the definition of Under Option 2, the “driver” always refers to a
Translation Note “driver.” Therefore “driver” would refer to either a human driver. The ADS would perform the driving

human driver or an ADS. “Human driver” is used when | of an ADS-DV and be incorporated into the
only (1) applies, and “ADS driver” is used when only (2) | standards independently from “driver.”
applies.
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Designated Seating Positions and Driving Controls Definitions

Currently specified in 49 CFR § 571.3

Driver’s Designated Seating Position
(driver’s seat or driver’s seating position)

the width of the seat.

‘ Potential Set 1

Means a DSP immediately behind the
manually operated driving controls
positioned such that an occupant can
operate the manual driving controls,
regardless of whether the occupant is in
active control of the vehicle.

DSP means a seat location that has a seating surface width, as described in section 571.10(c), of at least
330 mm (13 inches), and section 571.10 provides a method for calculating the number of DSPs based on

Potential Set 2
Means a DSP providing immediate access to the manually
operated driving controls.

Manually Operated Driving Controls

Passenger Designated Seating Position
(Passenger Seat or Passenger Seating
Position)

Means the system used by an occupant to
manipulate the vehicle’s lateral (steering)
and/or longitudinal (acceleration and
deceleration) motion in real time.

‘ Potential Set (1 or2) A
Means any DSP other than the driver’s DSP.

Means (a) the system used by an occupant for real-time
sustained manipulation of the motor vehicle’s heading
(steering) and/or speed (accelerator and brake); (b)
positioned such that they can be used by an occupant; (c)
regardless of whether the occupant is actively manipulating
the vehicle’s motion.

Potential Set (1 or2) B
Means any DSP other than the driver’s DSP. Specifically, a
seating position with stowed manually operated driving
controls is a passenger DSP.

Steering Control (Wheel)

Means the manually operated driving control used to manipulate the vehicle’s heading.

Translation Note

definition of passenger DSP.

Driver’s DSP and manually operated driving controls are grouped into sets. The definitions of “passenger
DSP” and “steering control” are the same for both Set 1 and Set 2. There are two options (A and B) for the

Driver’s DSP definition from Set 1 should be
used in conjunction with the manually
operated driving controls definition from Set
1.

Driver’s DSP definition from Set 2 should be used in
conjunction with the manually operated driving controls
definition from Set 2.
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Bidirectional Vehicle Definitions

Potential Option 1 Potential Option 2

Means an ADS-equipped vehicle without Means a motor vehicle that operates across an

manually operated driving controls that can equivalent range of speed and heading control in
Bidirectional Vehicle perform the DDT across an equivalent range of two opposite directions.

speed and heading control in two opposite

directions.

Instead of translating within each standard, bidirectional vehicles could be addressed generically in
Subpart A of 49 CDR Part 571. In addition to the Section 571.3 definition, a new section could be
added to clarify the application.

Translation Note

Applicability of the FMVSS to Bidirectional Vehicles

Each applicable standard set forth in Subpart B of this Part shall apply to bidirectional vehicles in both
Bidirectional Vehicle directions of travel.

. A new subsection (g) of section 571.7, or a new section 571.11 could be added to clarify the translations for the
Translation Note applicability of the FMVSS to bidirectional vehicles.
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Appendix B. FMVSS Technical Translation Worksheets

This appendix provides technical translation option summaries for select FMVSS covered in Volume 2 research, followed by tables of
technical translation options and their potential considerations. Only technical translations that were assessed as either a “1-
Translation is straightforward” or “2-Limited research may be beneficial” are shown in this appendix; thus, FMVSS No. 125 (Warning
Devices), FMVSS No. 210 (Seat belt assembly anchorages) and FMVSS No. 219 (Windshield zone intrusion) are not included in
these summaries. FMVSS No. 111 (Rear Visibility) is also not presented because the research team concluded that additional research
may be required to complete the technical translation option development.

Any additional considerations for discussion with regard to the sections of the FMVSS that were assessed as a “0-Not performed” are
captured within the main body of this report. If the creation of a potential additional section to the FMVSS was considered, the top
header row will contain the original section number in the far left-hand column, and a unique section number followed by “Added for
ADS-DV Translation” in the center column. Text colored in red font corresponds to the word or phrase that was either changed or
omitted from the regulatory text into one of the technical translation options. Occasionally, there is text colored in red font within the
Regulatory Text column that cites an incorporated reference. The reference analysis was not captured within the tables below, please
see Appendix E for more information.

FMVSS No. 101: Controls and Displays

Technical Translation Options Summary: The purpose of this FMVSS is “to ensure the accessibility, visibility and recognition of
motor vehicle controls, telltales and indicators, and to facilitate the proper selection of controls under daylight and nighttime
conditions, in order to reduce the safety hazards caused by the diversion of the driver's attention from the driving task, and by
mistakes in selecting controls.” (S2)

Therefore, Options 1 and 2 clarify that this standard applies only to vehicles operated by a human driver. The automated driving
system (ADS) may not need aspects such as color, contrast, etc., to ensure the information is presented in a salient manner. Methods
to satisfy all possible ADS informational needs are outside of the current project scope. However, some of the information that is
currently communicated to the human driver might be deemed safety-relevant for occupants in the absence of a human driver inside
the vehicle's cabin that could provide assistance in order to promote occupant safety. Option 3 presents option for ADS-dedicated
vehicles (ADS-DVs) and if the vehicle is equipped with controls, telltales, or indicators than the requirements need to be met.
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FMVSS No. 101, S2. Purpose.

Regulatory Text

Translation Options

Potential Considerations

The purpose of this standard
is to ensure the accessibility,
visibility and recognition of
motor vehicle controls,
telltales and indicators, and
to facilitate the proper
selection of controls under
daylight and nighttime
conditions, in order to
reduce the safety hazards
caused by the diversion of
the driver’s attention from
the driving task, and by
mistakes in selecting
controls.

... hazards caused by the diversion of the
human driver’s attention from the driving

Uses driver definition 1.

Specifies that the purpose applies to
vehicles designed for operation by a
human driver. An ADS- dedicated vehicle
(ADS-DV would not require such
conventional identifiers; therefore, ADS
driver is not mentioned).

Option 1 task, and by mistakes in selecting This is focused on human driver visibility.
controls. ADS-DVs do not require visible telltales

with a particular location, identification,
color, and illumination.
This may not be the preferred approach
to translation given that the type of
information/command needs for the ADS
is not specified.
Uses driver definition 2.
This option depends on an updated
definition of "driver" provided as part of
the working definitions.

Option 2 | Retain current language.

Minimizes the number of translations
needed.

Potential ambiguity given that the type
of driver is not mentioned.
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FMVSS No. 101, S4. Definitions.

Regulatory Text Translation Options Potential Considerations
Uses driver definition 1.

Clarifies that the word "control" is
focused on what the human driver
needs or interacts with. Other

Control means the hand-operated partofa | .
P P interface aspects that are part of

device that enables the human driver to

Option 1 . typical controls and displays might
P change the state or functioning of the P . P . Y . &
. . not be under this denomination.
vehicle or a vehicle subsystem.

Control means the hand- There might be controls for
operated part of a device that occupants, but if they are not safety-
enables the driver to change relevant they will not be considered
the state or functioning of the under this definition.
vehicle or a vehicle subsystem. Uses driver definition 2. This option

depends on an updated definition of
"driver" provided as part of the
working definitions.

Option 2 Retain current language. Minimizes the number of translations
needed.

Potential ambiguity given that the
type of driver is not mentioned.
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Regulatory Text

FMVSS No. 101, S4. Definitions. (continued)

Translation Options

Potential Considerations

Multi-function control means a
control through which the
driver may select, and affect
the operation of, more than
one vehicle function.

Option

Multi-function control means a control
through which the human driver may select,
and affect the operation of, more than one
vehicle function.

Uses driver definition 1.

Clarifies that the word "control" is
focused on what the human driver
needs or interacts with. Other
interface aspects that are part of
typical controls and displays might not
be under this denomination.

There might be controls for occupants,
but if they are not safety-relevant they
will not be considered under this
definition.

Option

Retain current language.

Uses driver definition 2. This option
depends on an updated definition of
"driver" provided as part of the
working definitions.

Minimizes the number of translations
needed.

Potential ambiguity given that the type
of driver is not mentioned.
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FMVSS No. 101, S5. Requirements.

Regulatory Text

Translation Options

Potential Considerations

Each passenger car,
multipurpose passenger
vehicle, truck and bus that is
fitted with a control, a telltale
or an indicator listed in Table 1
or Table 2 must meet the
requirements of this standard
for the location, identification,
color, and illumination of that
control, telltale or indicator.
However, the requirements
for telltales and indicators do
not apply to vehicles with
GVWRs of 4,536 kg or greater
if these specified vehicles are
manufactured before
September 1, 2013.

Option 1

Each passenger car, multipurpose
passenger vehicle, truck and bus that
can be operated by a human driver and
is fitted with...

Uses driver definition 1. Specifies that
the requirement applies to vehicles
designed for operation by a human
driver.

This is focused on human driver visibility.
The ADS-DV does not require visible
telltales with a particular location,
identification, color, and illumination.

This may not be the preferred approach
to translation given that the
information/command needs for the
ADS are not specified.

Option 2

Each passenger car, multipurpose
passenger vehicle, truck and bus that
can be operated by a driver and is fitted
with...

Uses driver definition 2. Specifies that
the requirement applies to vehicles
designed for operation by a human
driver.

This is focused on human driver visibility.
The ADS-DV does not require visible
telltales with a particular location,
identification, color, and illumination.

This may not be the preferred approach
to translation given that the
information/command needs for the
ADS are not specified.
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Regulatory Text

Translation Options

FMVSS No. 101, S5.

Requirements. (continued)
Potential Considerations

Each passenger car,
multipurpose
passenger vehicle,
truck and bus that is
fitted with a control,
a telltale or an
indicator listed in
Table 1 or Table 2
must meet the
requirements of this
standard for the
location,
identification, color,
and illumination of
that control, telltale
or indicator.
However, the
requirements for
telltales and
indicators do not
apply to vehicles with
GVWRs of 4,536 kg or
greater if these
specified vehicles are
manufactured before
September 1, 2013.

Option 3

Each passenger car,
multipurpose
passenger vehicle,
truck and bus that
can be operated by a
human driver and is
fitted with...
September 1, 2013.
For an ADS-DV, if the
vehicle is equipped
with controls,
telltales or indicators
listed in Table 1 or
Table 2, such
controls, telltales, or
indicators must be
operable by and/or
visible to relevant
DSPs.

Uses driver definition 1. Specifies that the requirement applies to
vehicles designed for operation by a human driver. An ADS-DV that
has controls, telltales, or indicators assumes they are for the
occupants. An option is not to limit FMVSS No. 101 to vehicles
intended for a human driver but to make inapplicable to ADS-DVs
the location requirements that have been developed for driver
visibility and operation. Therefore, such indicators, etc., that a
manufacturer wants to include or another FMVSS requires could
potentially be placed and oriented as the manufacturer finds most
useful to occupants.

The focus is on human driver visibility. ADS-DVs do not require
visible telltales with a particular location, identification, color, or
illumination. However, a subset of the controls, telltales or
indicators might be added by manufacturers. If so, the focus of
these would be for occupants.

This may not be the preferred approach to translation given that the
information/command needs for the ADS are not specified. The
suggested requirements for ADS-DV occupants have not been
tested. This alternative might benefit from research to better
understand occupant needs (e.g., location, illumination). For
example, Potential Option 3 found on p. 30 of the FMVSS
Considerations for Vehicles with Automated Driving Systems:
Volume 1 (Blanco et al., 2020) provides the location option of "to
the ADS and all front DSPs," which would require telltales and
indicators to be provided in the front row seating positions.
Alternatively, location Option 5 provides an alternative of "to the
ADS and the occupant compartment maintenance panel.”
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FMVSS No. 101, S5.1.1 Location

Translation Options

Regulatory Text

Potential Considerations

The controls listed in
Table 1 and in Table 2
must be located so
they are operable by
the driver under the
conditions of S5.6.2.

Option 1

The controls listed in
Table 1 and in Table 2
must be located so
they are operable by
the human driver
under the conditions
of $5.6.2.

Uses driver definition 1.

Clarifies which driver type needs to be able to reach controls in
Tables 1 and 2 while belted.

For this translation, it is important to identify which driver type
needs the information located in the referenced tables (i.e., human
versus ADS). S2 suggests the purpose "is to ensure the accessibility,
visibility and recognition of motor vehicle controls, telltales and
indicators, and to facilitate the proper selection of controls under
daylight and nighttime conditions, in order to reduce the safety
hazards caused by the diversion of the driver’s attention from the
driving task, and by mistakes in selecting controls." For an ADS-DV,
the ADS is considered the driver and ensuring that proper
information is "accessible" to the ADS is independent of the
information presented in these tables. However, the human driver
has the potential for diversion of their attention and could benefit
from a standardized visual cue to avoid delays and
misinterpretation.

Option 2

Retain current
language.

Uses driver definition 2.

This option depends on an updated definition of "driver" provided
as part of the working definitions.

Minimizes the number of translations needed.

Potential ambiguity given that the type of driver is not mentioned.
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FMVSS No. 101, S5.1.2 Location

Regulatory Text Translation Options Potential Considerations
Uses driver definition 1.

Using "the human" instead of "a human" for consistency
with S5.1.1 and S5.1.4. Similar explanation to the one
above for S5.1.1 applied to S5.1.2.

...visible to the

) Clarifies which driver type needs to receive the visual
human driver under

Option 1 . information presented in Tables 1 and 2 while belted
the conditions of and considering lighting conditions
$5.6.1 and S5.6.2. glIghting '
Attention under S2 implies communicating the
o . _ appropriate level of urgency via color, flashing rate, etc.
The telltales and indicators !'Sted In The focus for this is human attention. No procedures or
Table 1 and Table 2 and their standards currently exist on how similar information will
identification must be located so be presented to the ADS.
that, when activated, they are
visible to a driver under the . I . .
, Uses driver definition 2. This option depends on an
conditions of $5.6.1 and S5.6.2. . N .
updated definition of "driver" provided as part of the
working definitions.
Minimizes the number of translations needed.
Option 2 Retain current

language. Potential ambiguity given that the type of driver is not
mentioned. Attention under S2 implies communicating
the appropriate level of urgency via color, flashing rate,
etc. The focus for this is human attention. No
procedures or standards currently exist on how similar
information will be presented to the ADS.

126



FMVSS No. 101, S5.1.2 Location (continued)

Regulatory Text Translation Options Potential Considerations

Uses driver definition 1. Using "the human"
instead of "a human" for consistency with
S5.1.1 and S5.1.4. Similar explanation to the
one above for S5.1.1 applied to S5.1.2.

The telltales and indicators ...visible to the human driver under Clarifies which driver type needs to receive
listed in Table 1 and Table 2 the conditions of S5.6.1 and S5.6.2. the visual information presented in Tables 1
For an ADS-DV, if equipped with and 2 while belted and considering lighting

and their identification must
be located so that, when Option 3
activated, they are visible to
a driver under the conditions
of $5.6.1 and S5.6.2.

controls, telltales, or indicators listed conditions.
in Table 1 or Table 2 in the occupant
compartment, they must be located so | Attention under S2 implies communicating
that, when activated, they are visible the appropriate level of urgency via color,
to relevant DSPs. flashing rate, etc. The focus for this is
human attention. No procedures or
standards currently exist on how similar
information will be presented to the ADS.
The suggested requirements for occupants
have not been tested.
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FMVSS No. 101, S5.1.4 Location

Regulatory Text

Translation Options

Potential Considerations

The requirement of S5.1.3 does not apply
to a multi-function control, provided the
multi-function control is associated with a
multi-task display that:

(a) Is visible to the driver under the
conditions of S5.6.1 and S5.6.2,

(b) Identifies the multi-function control
with which it is associated graphically or
using words,

(c) For multi-task displays with layers,
identifies on the top-most layer each
system for which control is possible from
the associated multifunction control,
including systems not otherwise regulated
by this standard. Subfunctions of the
available systems need not be shown on
the top-most layer of the multi-task
display, and

(d) Identifies the controls of Table 1 and
Table 2 with the identification specified in
those tables or otherwise required by this
standard, whenever those are the active
functions of the multi-function control. For
lower levels of multi-task displays with
layers, identification is permitted but not
required for systems not otherwise
regulated by this standard.

Option 1

...visible to the human
driver under the conditions
of $5.6.1 and S5.6.2...

Uses driver definition 1.

Using "the human driver" instead of "a
human" for consistency with above.
Similar explanation to the one above for
S5.1.1 and S5.1.2 applied to S5.1.4.

Clarifies which driver type needs to
receive the visual information presented
in Tables 1 and 2 while belted and
considering lighting conditions.

Attention under S2 implies
communicating the appropriate level of
urgency via color, flashing rate, etc. The
focus for this is human attention. No
procedures or standards currently exist
on how similar information will be
presented to the ADS.

Option 2

Retain current language.

Uses driver definition 2. This option
depends on an updated definition of
"driver" provided as part of the working
definitions.

Minimizes the number of translations
needed.

Potential ambiguity given that the type
of driver is not mentioned.
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FMVSS No. 101, S5.1.4 Location

Regulatory Text

Translation Options

Potential Considerations

(e) Does not display telltales listed in Table
1 or Table 2.

FMVSS No. 101, S5.2.1 Identification

Regulatory Text

Translation Options

Potential Considerations

Except for the Low Tire Pressure Telltale,
each control, telltale and indicator that is
listed in column 1 of Table 1 or Table 2 must
be identified by the symbol specified for it
in column 2 or the word or abbreviation
specified for it in column 3 of Table 1 or
Table 2. If a symbol is used, each symbol
provided pursuant to this paragraph must
be substantially similar in form to the
symbol as it appears in Table 1 or Table 2. If
a symbol is used, each symbol provided
pursuant to this paragraph must have the
proportional dimensional characteristics of
the symbol as it appears in Table 1 or Table
2. The Low Tire Pressure Telltale (either the

Option

...by the human driver pressing...

Uses driver definition 1.

Clarifies which driver type needs to
receive the visual information
presented in Tables 1 and 2.

Attention under S2 implies
communicating the appropriate level
of urgency via color, flashing rate, etc.
The focus for this is human attention.
No procedures or standards currently
exist on how similar information will
be presented to the ADS.

Retain current language.

Uses driver definition 2.
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FMVSS No. 101, S5.2.1 Identification

Regulatory Text Translation Options Potential Considerations
display identifying which tire has low
pressure or the display which does not This option depends on an updated
identify which tire has low pressure) shall definition of "driver" provided as part
be identified by the appropriate symbol of the working definitions.
designated in column 4, or both the symbol
in column 4 and the words in column 3. No Minimizes the number of translations
identification is required for any horn (i.e., needed.
audible warning signal) that is activated by
a lanyard or by the driver pressing on the Potential ambiguity given that the
center of the face plane of the steering type of driver is not mentioned.
wheel hub; or for a turn signal control that Option
is operated in a plane essentially parallel to 2

the face plane of the steering wheel in its
normal driving position and which is located
on the left side of the steering column so
that it is the control on that side of the
column nearest to the steering wheel face
plane. However, if identification is provided
for a horn control in the center of the face
plane of the steering wheel hub, the
identifier must meet Table 2 requirements
for the horn.
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FMVSS No. 101, S5.2.6 Identification

Regulatory Text Translation Options Potential Considerations
Uses driver definition 1.

The strategy for this translation is to identify
which driver type needs the information
located in the referenced tables.

Clarifies which driver type needs to receive
...the human | the visual information presented in Tables 1

Option 1 .
P driver... and 2.
) ) , e Attention under S2 implies communicatin
Except as provided in S5.2.7, all identifications of ) P ) B
. ) ) the appropriate level of urgency via color,
telltales, indicators and controls listed in Table 1 or ; .
. flashing rate, etc. The focus for this is human
Table 2 must appear to the driver to be perceptually )

. . ‘s .\ attention. No procedures or standards
upright. A rotating control that has an “off” position . o .
shall appear to the driver perceptually upright when currently exist on how similar information

pp_ . P " p” y _p g will be presented to the ADS.
the rotating control is in the “off” position. X —

Uses driver definition 2.
This option depends on an updated
definition of "driver" provided as part of the

Retain working definitions.

Option 2 | current

language. Minimizes the number of translations

needed.

Potential ambiguity given that the type of
driver is not mentioned.
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Regulatory Text

FMVSS No. 101, S5.2.7 Identification

Translation Options

Potential Considerations

The identification of the following
items need not appear to the driver to
be perceptually upright:

(a) A horn control;

(b) Any control, telltale or indicator
located on the steering wheel, when
the steering wheel is positioned for
the motor vehicle to travel in a
direction other than straight forward;
and

(c) Any rotating control that does not
have an “off” position.

Uses driver definition 1.

The strategy for this translation is to identify which driver type
needs the information.

. ...the - ) . . .
Option Clarifies which driver type needs the information.
human
1 driver
This section depends on mental models of a human driver and
object perception/recognition. It also applies to the ADS with
regard to term consistency, but not with the physical
characteristics presented in this section. If the driver type is not
specified, it might not be possible to translate this section.
Uses driver definition 2.
This option depends on an updated definition of "driver"
. Retain provided as part of the working definitions.
Option
) current
language. Minimizes the number of translations needed.

Potential ambiguity given that the type of driver is not
mentioned.
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FMVSS No. 101, S5.2.8 Identification

Regulatory Text Translation Options Potential Considerations

Specifies that the requirement applies to
vehicles designed for operation by a
human driver. ADS-DVs would not require

For vehicles such identifiers.
Option | operated by a
1 human driver, each | Allows ADS-DVs to not display such
control... indicators.

Splitting into separate categories may not
be the preferred treatment.
Uses driver definition 2.

Each control for an automatic vehicle speed system
(cruise control) and each control for heating and air
conditioning systems must have identification
provided for each function of each such system.

This option depends on an updated
definition of "driver" provided as part of

For vehicles the working definitions
Option | operated by a g )
2 driver, each L. .
! Minimizes the number of translations
control...

needed.

Potential ambiguity given that the type of
driver is not mentioned.
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FMVSS No. 101, S5.3.2.1 Brightness of illumination of controls and indicators

Regulatory Text

Translation Options

Potential Considerations

Means must be provided for illuminating the
indicators, identifications of indicators and
identifications of controls listed in Table 1 to
make them visible to the driver under daylight
and nighttime driving conditions.

Uses driver definition 1.

Using "the human" for consistency with above. Similar
explanation to the ones above for $5.1.1 and S5.1.2
applied to S5.3.2.1.

Option 'P;'Jr:ean Clarifies which driver type needs to receive the visual
1 . information.
driver...
Attention under S2 implies communicating the
appropriate level of urgency via color, flashing rate,
etc. The focus for this is human attention. No
procedures or standards currently exist on how similar
information will be presented to the ADS.
Uses driver definition 2.
This option depends on an updated definition of
. Retain "driver" provided as part of the working definitions.
Option
) current
language. Minimizes the number of translations needed.

Potential ambiguity given that the type of driver is not
mentioned.
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FMVSS No. 101, S5.3.2.2 Brightness of illumination of controls and indicators
Potential Considerations

Regulatory Text

Translation Options

The means of providing the visibility required
by S§5.3.2.1:

(a) Must be adjustable to provide at least two
levels of brightness;

(b) At a level of brightness other than the
highest level, the identification of controls and
indicators must be barely discernible to the
driver who has adapted to dark ambient
roadway condition;

(c) May be operable manually or automatically;
and

(d) May have levels of brightness, other than
the two required visible levels of brightness, at
which those items and identification are not
visible.

(1) If the level of brightness is adjusted by
automatic means to a point where those items
or their identification are not visible to the
driver, means shall be provided to enable the
driver to restore visibility.

Uses driver definition 1.

Using "the human" for consistency with above. Similar
explanation to the ones above for $5.1.1 and S5.1.2

(b)...the applied to S5.3.2.1.
human
Option | driver... Clarifies which driver type needs to receive the visual
1 (1) ...the information.
human
driver... Attention under S2 implies communicating the
appropriate level of urgency via color, flashing rate, etc.
The focus for this is human attention. No procedures or
standards currently exist on how similar information
will be presented to the ADS.
Uses driver definition 2.
This option depends on an updated definition of
Option Retain "driver" provided as part of the working definitions.
) current
language. Minimizes the number of translations needed.

Potential ambiguity given that the type of driver is not
mentioned.
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FMVSS No. 101, S5.3.3 Brightness of telltale illumination

Regulatory Text

Translation Options

Potential Considerations

(a) Means must be provided for illuminating telltales and
their identification sufficiently to make them visible to the
driver under daylight and nighttime driving conditions.

(b) The means for providing the required visibility may be
adjustable manually or automatically, except that the
telltales and identification for brakes, high beams, turn
signals, and safety belts may not be adjustable under any
driving condition to a level that is invisible.

Uses driver definition 1.

Using "the human" for consistency with
above.

Clarifies which driver is receiving the visual

. a)...the . .
Option (a) information.
1 human
driver... . T .
Attention under S2 implies communicating
the appropriate level of urgency via
color, flashing rate, etc. The focus for this
is human attention. No procedures or
standards currently exist on how similar
information will be presented to the ADS.
Uses driver definition 2.
This option depends on an updated
definition of "driver" provided as part of
. Retain the working definitions.
Option g
current
2 L .
language. Minimizes the number of translations

needed.

Potential ambiguity given that the type of
driver is not mentioned.
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FMVSS No. 101, S5.4.1 Color

Regulatory Text Translation Options Potential Considerations
Distinguishes that visible telltales are
necessary on vehicles operated by a human
driver, but not ADS-DVs.

For vehicles operated
by a human driver, the
light of...

Clarifies that the requirement applies to
vehicles operated by a human driver and not
ADS-DVs.

Option

May not be the preferred translation
approach.
Uses driver definition 2.

The light of each telltale listed in Table 1
must be of the color specified for that

telltale in column 6 of that table. This option depends on an updated definition

of "driver" provided as part of the working
definitions.

For vehicles operated
by a driver, the light
of...

Distinguishes that visible telltales are
necessary on vehicles operated by a human
driver, but not on ADS-DVs.

Option

Minimizes the number of translations needed.

Potential ambiguity given that the type of
driver is not mentioned.
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FMVSS No. 101, S5.4.2 Color

Regulatory Text Translation Options Potential Considerations
Uses driver definition 1.
Using "the human" instead of "the driver" for
consistency with above.
...masks the - . A . .
. Clarifies which driver is receiving the visual
Option | human , )
. information.
1 driver's
ability.... . . S
- . . Attention under S2 implies communicating the
Any indicator or telltale not listed in Table 1 . . .
. . . appropriate level of urgency via color, flashing rate,
and any identification of that indicator or . .
etc. The focus for this is human attention. No
telltale must not be a color that masks the . -
. . procedures or standards currently exist on how similar
driver’s ability to recognize any telltale, . . .
. . . information will be presented to the ADS.
control, or indicator listed in Table 1. : .
Uses driver definition 2.
This option depends on an updated definition of
. Retain "driver" provided as part of the working definitions.
Option
2 current
language. Minimizes the number of translations needed.
Potential ambiguity given that the type of driver is not
mentioned.
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FMVSS No. 101, S5.5.4 Common space for displaying multiple messages

Regulatory Text Translation Options Potential Considerations
Uses driver definition 1.
Using "the human" instead of "the driver" for consistency with
above.
Except as provided in S5.5.5, when the | Option - the
P . P .\ T P human Clarifies which driver is receiving the visual information.
underlying conditions exist for 1 driver
actuation of two or more telltales, the . o . .
. Attention under S2 implies communicating the appropriate
messages must be either: . . .
) . level of urgency via color, flashing rate, etc. The focus for this is
(a) Repeated automatically in ) .
sequence. or human attention. No procedures or standards currently exist on
d . - how similar information will be presented to the ADS.
(b) Indicated by visible means and ; —
. . Uses driver definition 2.
capable of being selected for viewing
by the driver under the conditions of . . N .
y . This option depends on an updated definition of "driver".
$5.6.2. . Retain
Option current
2 Minimizes the number of translations needed.
language.
Potential ambiguity given that the type of driver is not
mentioned.
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FMVSS No. 101, S5.5.6 Common space for displaying multiple messages

Regulatory Text Translation Options Potential Considerations

Uses driver definition 1.

Using "the human" instead of "the driver" for

consistency with above.

. ...the Clarifies which driver should be able to cancel the
Option
1 human message.

(a) Except as provided in S5.5.6 (b), messages driver...
displayed in a common space may be cancelable Attention under S2 implies communicating the
automatically or by the driver. appropriate level of urgency via color, flashing rate,
(b) Telltales for high beams, turn signal, low tire etc. The focus for this is human attention. No
pressure, and passenger air bag off, and telltales procedures or standards currently exist on how similar
for which the color red is required in Table 1 information will be presented to the ADS.
must not be cancelable while the underlying Uses driver definition 2.
condition for their activation exists.

This option depends on an updated definition of

Option Retain "driver."
2 current
language. Minimizes the number of translations needed.
Potential ambiguity given that the type of driver is not
mentioned.
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FMVSS No. 101, S5.6.1 Conditions

Regulatory Text Translation Options Potential Considerations
Uses driver definition 1.

Using "the human" instead of "the driver" for consistency with

above.

Option 1 ...the human
driver... Clarifies that the human driver is relevant in this case.

The focus for this is human visibility. No procedures or standards

currently exist on how similar information (visibility) will be

presented to the ADS.

Uses driver definition 2.

The driver has . This option depends on an updated definition of "driver."
. Retain current
adapted to the Option 2 language
ambient light guage.
roadway conditions.

Minimizes the number of translations needed.

Potential ambiguity given that the type of driver is not mentioned.
Uses driver definition 1.

Specifies that the requirement applies to vehicles designed for
operation by a human driver. An ADS-DV that has displays and
controls assumes they are for the occupants. An option is not to limit
FMVSS No. 101 to vehicles intended for a human driver, but to make
inapplicable to ADS-DVs the location requirements that have been
developed for driver visibility and operation. Therefore, such
indicators, etc., that a manufacturer wants to potentially include or
another FMVSS requires could be placed and oriented as the
manufacturer finds most useful to occupants. This particular option

The human driver
and occupants in
relevant DSPs for an
ADS-DV have...

Option 3

141



clarifies that lighting conditions of interest, when the focus is
occupants, are similar to those required for the human driver.

FMVSS No. 101, S5.6.2 Conditions

Regulatory Text Translation Options Potential Considerations
Uses driver definition 1.
Using "the human" instead of "the driver" for consistency with
Option 1 ...t_he human above.
driver.
Clarifies that the human driver is being restrained by the seat
belts.
Uses driver definition 2.
The driver is restrained by the ootion 2 Retain current This option depends on an updated definition of "driver.
seat belts installed in P language. Minimizes the number of translations needed
accordance with 49 CFR '
>71.208 and adjusted in Potential ambiguity given that the type of driver is not mentioned
accordance with the vehicle - . -
manufacturer’s instructions. Uses driver definition 1.
Specifies that the requirement applies to vehicles designed for
The human operation by a human driver. An ADS-DV that has displays and
driver and controls assumes the requirement is for the occupants.
Option 3 | occupants in
relevant DSPs for | An option is not to limit FMVSS No. 101 to vehicles intended for a
an ADS-DV are... | human driver, but to make inapplicable to ADS-DVs the location
requirements developed for driver visibility and operation.
Therefore, such indicators, etc., that a manufacturer wants to
include or another FMVSS requires could be placed and oriented
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FMVSS No. 101, S5.6.2 Conditions
Regulatory Text Translation Options Potential Considerations

as the manufacturer finds most useful to occupants. This
particular option clarifies the occupant of interest should be
restrained by the seat belt when testing is performed, under
similar conditions to those required for the human driver.
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FMVSS No. 103: Windshield Defrosting and Defogging Systems

Technical Translation Options Summary: The purpose of this FMVSS “specifies requirements for windshield defrosting and
defogging systems.” (S1)

The majority of options clarify that this standard applies only to vehicles operated by a human driver (Options 1-3). Option I uses
driver definition 1, option 2 uses driver definition 2, and option 3 refers to the manually operated driving controls. Option 4 presents
an “if equipped” option, using a manufacturer pattern designed for automated driving system-dedicated vehicles (ADS-DVs) and
clarifies the human driver requirements by referencing the manually operated driving controls.

FMVSS No. 103, S4.1 Requirements.

Regulatory Text Translation Options Potential Considerations
Uses driver definition 1. This translation assumes the
sensors needed for the ADS will not be positioned behind

Each vehicle that can be this FMVSS’s windshield area of focus that needs to be
. operated by a human driver kept unobstructed.
Option . .
1 shall have a windshield
defrosting and defogging This FMVSS provides for a minimum area of the
system. windshield where visibility clearance for human drivers is

needed. The sensors needed for ADS driving visibility do
not require visibility in that particular area.

Uses driver definition 2. This translation assumes that the
sensors needed for the ADS driver will not be positioned
behind this FMVSS’s windshield area of focus that needs
to be kept unobstructed.

Each vehicle shall have a
windshield defrosting
and defogging system.

Each vehicle that can be
Option | operated by a driver shall have a
2 windshield defrosting and

. This FMVSS provides for a minimum area of the
defogging system.

windshield where visibility clearance for human drivers is
needed. The sensors needed for ADS driving visibility do
not require visibility in that particular area.
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FMVSS No. 103, S4.1 Requirements. (continued)

Regulatory Text

Translation Options

Potential Considerations

Each vehicle shall have

Each vehicle
equipped with
manually operated

This option eliminates the need for the driver definition translation in
this particular case. This translation assumes the sensors needed for
the ADS will not be positioned behind this FMVSS’s windshield area of
focus that needs to be kept unobstructed.

a windshield Option 3 driving controls This FMVSS provides for a minimum area of the windshield where
defrosting and shall have a visibility clearance for human drivers is needed. The sensors needed
defogging system. windshield for ADS driving visibility do not require visibility in that particular
defrosting and area.
defogging system.
If, in future scenarios, other driving controls that are not
hand/manual exist, this could potentially require further research.
Each vehicle This option eliminates the need for the driver definition translation in
equipped with this particular case. This translation assumes the sensors needed for
manually operated | the ADS driver will not be positioned behind this FMVSS’s windshield
driving controls area of focus that needs to be kept unobstructed.
shall have a
windshield This option potentially allows for the system to be tested if installed
defrosting and in an ADS-DV. However, these systems might be considered
Option 4 defogging system. | convenience features for the occupants of an ADS-DV rather than

For an ADS-DV, if
equipped with
windshield
defrosting and
defogging systems,
the system shall
meet the
requirements of

safety requirements. If considered as convenience features, they
could be in other windows or areas outside of Areas A and C, outside
of the purview of this FMVSS.

This option eliminates the need for the driver definition translation in
this particular case. This FMVSS provides for a minimum area of the
windshield where visibility clearance for human drivers is needed.
The sensors needed for ADS driving visibility do not require visibility
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FMVSS No. 103, S4.1 Requirements. (continued)

Regulatory Text Translation Options Potential Considerations
this standard for in that particular area. However, this translation includes a potential
the pattern option that allows manufacturers to optionally decide to provide a
designed by the defrosting and defogging system in the traditional Area A and C, or as

manufacturer for presented herein.
the windshield

defrosting and If, in future scenarios, other driving controls that are not

defogging system hand/manual exist, this could potentially require further research.
on the interior This language potentially allows, but does not require, an ADS-DV to
surface of the have a defrost/defog system. If the manufacturer chooses to provide

windshield glazing. | one, it needs to comply with the existing standard. Note that several
of the standards use controls as a reference point (e.g., H point; SAE
J826) or are not available for seating positions (e.g., eyellipse; SAE
J941) other than the driver’s. An occupant eyellipse for adjustable
seating is needed (Reed, 2018).
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FMVSS No. 103, S4.2 Requirements.

Regulatory Text

Translation Options

Potential Considerations

Each passenger car windshield
defrosting and defogging system shall
meet the requirements of section 3 of
SAE Recommended Practice J902
(1964) (incorporated by reference, see
§571.5) when tested in accordance
with S4.3, except that “the critical
area” specified in paragraph 3.1 of SAE
Recommended Practice J902 (1964)
shall be that established as Area C in
accordance with Motor Vehicle Safety
Standard No. 104, “Windshield Wiping
and Washing Systems,” and “the entire
windshield” specified in paragraph 3.3
of SAE Recommended Practice J902
(1964) shall be that established as Area
A in accordance with §571.104.

For a vehicle that can be operated by a

Option 1 | human driver, each passenger car Uses driver definition 1.
windshield...
Option 2 Fo'r a vehicle that can be ope.rated. by a Uses driver definition 2.
driver, each passenger car windshield...
For a vehicle that can be operated with | This option eliminates the need
Option 3 | manually operated driving controls, for the driver definition
each passenger car windshield... translation in this particular case.
For a vehicle that can be operated with If there is a need to designate the
. defrost/defog system area as a
manually operated driving controls, . .
) ) . windshield due to occupant
each passenger car windshield...in visibility needs. a sugeested area
accordance with §571.104. For an ADS- | | Y » 8 SUEE
. . . . . is presented based on the SAE
DV, if equipped with windshield .
. . Recommended Practice J902
defrosting and defogging systems, the
. (1964).
pattern designed by the manufacturer
Option 4 | for the windshield defrosting and

defogging system on the interior
surface of the windshield glazing
defrost pattern of the windshield shall
be 80 percent defrosted after 25
minutes of operation. After 40 minutes
of operation the entire windshield area
shall be 95 percent defrosted.

This is a recommended approach
that has not been evaluated for
feasibility. Research may be
needed in order to understand
potential limitations of this
approach. The test procedures
would need validation to ensure
they replicate the intended area.
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FMVSS No. 103, 4.3 (i). Demonstration procedure.

Regulatory Text Translation Options Potential Considerations

See S3.1.1 of FMVSS No. 103 for
other neutral gear related
translations.

The engine speed shall not
exceed 1,500 r.p.m. in neutral Option 1
gear; or

The engine speed shall not exceed 1,500
r.p.m. in a neutral transmission state; or Does not limit the scope to ADS-DVs
only.
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FMYVSS No. 104: Windshield Wiping and Washing Systems

Technical Translation Options Summary: The purpose of this FMVSS “specifies requirements for windshield wiping and washing
systems.” (S1)

Options 1 through 3 clarify that this standard applies only to vehicles operated by a human driver. The driver definitions used in the
options are as follows: Option 1 uses driver definition 1, option 2 uses driver definition 2, and option 3 uses manually operated
driving controls. Option 4 presents an “if equipped” option, using a manufacturer pattern designed for automated driving system-
dedicated vehicles (ADS-DVs) and clarifies the human driver requirements by referencing the manually operated driving controls.
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FMVSS No. 104, S4.1 Windshield wiping system.

Regulatory Text Translation Options Potential Considerations

Uses driver definition 1. This translation assumes the sensors
needed for the ADS will not be positioned in an area behind the
windshield that needs to be kept unobstructed.

Each vehicle that
can be operated

by a human driver

shall.. This FMVSS provides for a minimum area of the windshield where

visibility clearance for human drivers is needed. The sensors
Option needed for ADS driving visibility may not require visibility in that
1 particular area.

This language allows, but does not require, an ADS-DV to have a
wiping/washing system. Note that ADS-DVs might include vehicles
that could be used for delivering goods but not for transporting
Each vehicle shall have a occupants. For those and similar cases, a windshield might not be
power-driven windshield part of the vehicle design.

wiping system that meets the Uses driver definition 2. This translation assumes the sensors
requirements of 54.1.1. needed for the ADS will not be positioned in an area behind the
windshield that needs to be kept unobstructed.

This FMVSS provides for a minimum area of the windshield where
visibility clearance for human drivers is needed. The sensors
needed for ADS driving visibility may not require visibility in that
particular area.

Each vehicle that
can be operated
by a driver shall...

Option

This language allows, but does not require, an ADS-DV to have a
wiping/washing system. Note that ADS-DVs might include vehicles
that could be used for delivering goods but not for transporting
occupants. For those and similar cases, a windshield might not be
part of the vehicle design.
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FMVSS No. 104, S4.1 Windshield wiping system. (continued)

a windshield wiping
system, the system shall
meet the requirements of
S4.1.1.

Regulatory Text Translation Options Potential Considerations
This option eliminates the need for the driver definition translation in this
particular case. This translation assumes that the sensors needed for the
ADS driver will not be positioned behind this FMVSS’s windshield area of
focus that needs to be kept unobstructed.
Option Each vehicle equipped
3 with manually operated This FMVSS provides for a minimum area of the windshield where
Each vehicle driving controls shall... visibility clearance for human drivers is needed. The sensors needed for
shall have a ADS driving visibility may not require visibility in that particular area.
power-driven
windshield If, in future scenarios, other driving controls that are not hand/manual
wiping system exist, this could potentially require further research.
that meets the Each vehicle equipped
requirements of with manually operated This translation assumes that the sensors needed for the ADS driver will
S$4.1.1. driving controls shall not be positioned behind this FMVSS’s windshield area of focus that
Option have...of S4.1.1. For an needs to be kept unobstructed.
4 ADS-DV, if equipped with

This option provides for the system to be tested if installed in an ADS-DV.
However, these systems might be considered convenience features for
the occupants of an ADS-DV rather than safety requirements.
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Regulatory Text

FMVSS No. 104, S4.2.1 Windshield washing system.

Translation Options

Potential Considerations

Each passenger car
shall have a
windshield washing
system that meets
the requirements of
SAE Recommended
Practice J942 (1965)
(incorporated by
reference, see
§571.5), except that
the reference to “the
effective wipe
pattern defined in
SAE J903, paragraph
3.1.2” in paragraph
3.1 of SAE
Recommended
Practice J942 (1965)
shall be deleted and
“the areas
established in
accordance with
subparagraph
$4.1.2.1 of Motor
Vehicle Safety
Standard No. 104"
shall be inserted in
lieu thereof.

Each passenger
car that can be

Uses driver definition 1. This translation assumes that the sensors needed for
the ADS will not be positioned behind this FMVSS’s windshield area of focus
that needs to be kept unobstructed.

This FMVSS provides for a minimum area of the windshield where visibility

2 operated by a
driver shall...

Opiilon operated by a clearance for human drivers is needed. The sensors needed for ADS driving
human driver visibility may not require visibility that particular area.
shall...
This language allows, but does not require, an ADS-DV to have a
wiping/washing system. Note that ADS-DVs might include vehicles that could
be used for delivering goods but not for transporting occupants. For those
and other similar cases, a windshield might not be part of the vehicle design.
Uses driver definition 2. This translation assumes that the sensors needed for
the ADS will not be positioned behind this FMVSS’s windshield area of focus
that needs to be kept unobstructed.
This FMVSS provides for a minimum area of the windshield where visibility
Each passenger ) ) .
. clearance for human drivers is needed. The sensors needed for ADS driving
Option | car that can be

visibility may not require visibility in that particular area.

This language allows, but does not require, an ADS-DV to have a
wiping/washing system. Note that ADS-DVs might include vehicles that could
be used for delivering goods and not for transporting occupants use. For
those and other similar cases, a windshield might not be part of the vehicle
design.
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FMVSS No. 104, S4.2.1 Windshield washing system.

Regulatory Text Translation Options Potential Considerations
Each passenger car
shall have a
windshield washing
system that meets
the requirements of
SAE Recommended
Practice J942 (1965)
(incorporated by
reference, see
§571.5), except that
the reference to “the
effective wipe
pattern defined in
SAE J903, paragraph Option

This option eliminates the need for the driver definition translation in this
particular case. This translation assumes that the sensors needed for the ADS
will not be positioned behind this FMVSS’s windshield area of focus that
Each passenger | needs to be kept unobstructed.

car equipped

" with manually This FMVSS provides for a minimum area of the windshield where visibility
3.1.2” in paragraph 3 . . . .
3.1 of SAE operated driving | clearance for human drivers is needed. The sensors needed for ADS driving

) controls shall... visibility may not require visibility in that particular area.
Recommended

Practice J942 (1965)
shall be deleted and
“the areas
established in
accordance with
subparagraph
$4.1.2.1 of Motor
Vehicle Safety
Standard No. 104"
shall be inserted in
lieu thereof.

If, in future scenarios, other driving controls that are not hand/manual exist,
this could potentially require further research.
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FMVSS No. 104, S4.2.2 Windshield washing system.

Translation Options

Regulatory Text

Potential Considerations

Each multipurpose
passenger vehicle, truck,
and bus shall have a
windshield washing
system that meets the
requirements of SAE
Recommended Practice
J942, November (1965)
(incorporated by
reference, see §571.5),
except that the
reference to “the
effective wipe pattern
defined in SAE J903,
paragraph 3.1.2"” in
paragraph 3.1 of SAE
Recommended Practice
1942 (1965) shall be
deleted and ““the pattern
designed by the
manufacturer for the
windshield wiping
system on the exterior
surface of the windshield
glazing” shall be inserted
in lieu thereof.

Uses driver definition 1. This translation assumes that the sensors needed
for the ADS will not be positioned behind this FMVSS’s windshield area of

Each focus that needs to be kept unobstructed.
multipurpose
passenger This FMVSS provides for a minimum area of the windshield where visibility
. vehicle, truck, | clearance for human drivers is needed. The sensors needed for ADS driving
Option T .
1 and bus that visibility do not require visibility in that particular area.
can be
operated by a | This language allows, but does not require, an ADS-DV to have a
human driver | wiping/washing system. Note that ADS-DVs might include vehicles that
shall... could be used for delivering goods and not for transporting occupants. For
those and other similar cases, a windshield might not be part of the vehicle
design.
Uses driver definition 2. This translation assumes that the sensors needed
for the ADS will not be positioned behind this FMVSS’s windshield area of
focus that needs to be kept unobstructed.
Each
multipurpose
passenger This FMVSS provides for a minimum area of the windshield where visibility
Option | vehicle, truck, | clearance for human drivers is needed. The sensors needed for ADS driving
2 and bus that visibility may not require visibility in that particular area.

can be
operated by a
driver shall...

This language allows, but does not require, an ADS-DV to have a
wiping/washing system. Note that ADS-DVs might include vehicles that
could be used for delivering goods and not for transporting occupants use.
For those and other similar cases, a windshield might not be part of the
vehicle design.
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FMVSS No. 104, S4.2.2 Windshield washing system. (continued)

Regulatory Text

Translation Options

Potential Considerations

Each multipurpose passenger
vehicle, truck, and bus shall
have a windshield washing
system that meets the
requirements of SAE
Recommended Practice J942,
November (1965) (incorporated
by reference, see §571.5),
except that the reference to
“the effective wipe pattern
defined in SAE J903, paragraph
3.1.2” in paragraph 3.1 of SAE
Recommended Practice J942
(1965) shall be deleted and
“the pattern designed by the
manufacturer for the
windshield wiping system on
the exterior surface of the
windshield glazing” shall be
inserted in lieu thereof.

Option 3

Each multipurpose passenger vehicle,
truck, and bus equipped with manually
operated driving controls shall...

This option eliminates the need for the
driver definition translation in this
particular case. This translation
assumes that the sensors needed for
the ADS will not be positioned behind
this FMVSS’s windshield area of focus
that needs to be kept unobstructed.

This FMVSS provides for a minimum
area of the windshield where visibility
clearance for human drivers is needed.
The sensors needed for ADS driving
visibility may not require visibility in
that particular area.

If, in future scenarios, other driving
controls that are not hand/manual
exist, this could potentially require
further research.
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Regulatory Text

Translation Options

FMVSS No. 104, S4.2.2 Windshield washing system. (continued)

Potential Considerations

Each multipurpose
passenger vehicle, truck,
and bus shall have a
windshield washing
system that meets the
requirements of SAE
Recommended Practice
J942, November (1965)
(incorporated by
reference, see §571.5),
except that the reference
to “the effective wipe
pattern defined in SAE
J903, paragraph 3.1.2” in
paragraph 3.1 of SAE
Recommended Practice
1942 (1965) shall be
deleted and “‘the pattern
designed by the
manufacturer for the
windshield wiping system
on the exterior surface of
the windshield glazing”
shall be inserted in lieu
thereof.

Option

Each multipurpose
passenger vehicle,
truck, and bus
equipped with
manually operated
driving controls shall...
thereof. For an ADS-
DV, if equipped with
windshield washing
system, the system
shall meet the
requirements of this
standard for the
pattern designed by
the manufacturer for
the windshield wiping
system on the exterior
surface of the
windshield glazing.

This translation assumes that the sensors needed for the ADS will
not be positioned behind this FMVSS’s windshield area of focus
that needs to be kept unobstructed.

This option provides for the system to be tested if installed in an
ADS-DV; however, these systems might be considered
convenience features for the occupants of an ADS-DV and not
safety requirements. If considered convenience features, then
this is outside of the purview of this FMVSS.

This option eliminates the need for the driver definition
translation in this particular case. This FMVSS provides for a
minimum area of the windshield where visibility clearance for
human drivers is needed. The sensors needed for ADS driving
visibility may not require visibility in that particular area.
However, it includes an option for those manufacturers that
decide to provide a wiping/washing system.

If, in future scenarios, other driving controls that are not
hand/manual exist, this could potentially require further
research. This language allows, but does not require, an ADS-DV
to have a wiping/washing system. If the manufacturer chooses to
provide one, it needs to comply with the existing standard. Note
that several of the standards use controls as a reference point
(e.g., H point; SAE J826) or are not available for seating positions
(e.g., eyellipse; SAE J941) other than the driver’s. An occupant
eyellipse for adjustable seating is needed (Reed, 2018).
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FMVSS No. 110: Tire Selection and Rims and Motor Home/Recreation Vehicle Trailer Load Carrying Capacity
Information for Motor Vehicles With a GVWR of 4,536 Kilograms (10,000 Pounds) or Less

Technical Translation Options Summary. The purpose of this FMVSS “specifies requirements for tire selection to prevent tire
overloading and for motor home/recreation vehicle trailer load carrying capacity information.” (S1)

Two key aspects were addressed in the technical translation: (1) the placard location and content, and (2) the vehicle normal load on
the tire. There are three translations options which are summarized as follows. Option 1: Applies driver definition 1 to the driver
references, uses left, front B-Pillar to locate the placard and retains Table. 1. Option 2: Applies driver definition 2 to the driver
references, uses an alternative frame of reference (e.g., VIN) to locate the placard, and Table 1 would need to be updated to align to

new reference. Option 3: Provides an alternative to option 1 using left B-Pillar to locate the placard and considers obtaining the tire
loading through additional testing not based on typical seating patterns.
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FMVSS No. 110, S4.3 Placard

Regulatory Text

Translation Options

Potential Considerations

Each vehicle, except for a trailer or
incomplete vehicle, shall show the
information specified in S4.3 (a) through
(g), and may show, at the
manufacturer’s option, the information
specified in S4.3 (h) and (i), on a placard
permanently affixed to the driver’s side
B-pillar. In each vehicle without a
driver’s side B-pillar and with two doors
on the driver’s side of the vehicle
opening in opposite directions, the
placard shall be affixed on the forward
edge of the rear side door. If the above
locations do not permit the affixing of a
placard that is legible, visible and
prominent, the placard shall be
permanently affixed to the rear edge of
the driver’s side door. If this location
does not permit the affixing of a placard
that is legible, visible and prominent, the
placard shall be affixed to the inward
facing surface of the vehicle next to the
driver’s seating position.

This information shall be in the English
language and conform in color and
format, not including the border
surrounding the entire placard, as shown
in the example set forth in Figure 1 in

Option

Each vehicle that can be operated by a human
driver, except for a trailer or incomplete
vehicle, shall... Each vehicle that can be
operated by an ADS, except for a trailer or
incomplete vehicle, shall show the
information specified in S4.3 (a) through (g),
and may show, at the manufacturer’s option,
the information specified in S4.3 (h) and (i), on
a placard permanently affixed to the left front
B-pillar. In each vehicle without a left front B-
pillar and with two doors on the left front side
of the vehicle opening in opposite directions,
the placard shall be affixed on the forward
edge of the rear side door. If the above
locations do not permit the affixing of a
placard that is legible, visible and prominent,
the placard shall be permanently affixed to
the rear edge of the left front side door. If this
location does not permit the affixing of a
placard that is legible, visible and prominent,
the placard shall be affixed to the inward
facing surface of the vehicle next to the left
front seating position.

This information shall be in the English
language...

Uses driver definition 1.
Retains current text for human drivers.

Requires unique ADS-DV requirement.
Adds new text for ADSs.

Does not require referencing VIN and
significant VIN regulation translations.

Option introduces complex regulatory
language.

158




this standard. At the manufacturer’s
option, the information specified in $4.3
(c), (d), and, as appropriate, (h) and (i)
may be shown, alternatively to being
shown on the placard, on a tire inflation
pressure label which must conform in
color and format, not including the
border surrounding the entire label, as
shown in the example set forth in Figure
2 in this standard. The label shall be
permanently affixed and proximate to
the placard required by this paragraph.
The information specified in S4.3 (e)
shall be shown on both the vehicle
placard and on the tire inflation pressure
label (if such a label is affixed to provide
the information specified in S4.3 (c), (d),
and, as appropriate, (h) and (i)) may be
shown in the format and color scheme
set forth in Figures 1 and 2. If the vehicle
is @ motor home and is equipped with a
propane supply, the weight of full
propane tanks must be included in the
vehicle’s unloaded vehicle weight. If the
vehicle is a motor home and is equipped
with an on-board potable water supply,
the weight of such on-board water must
be treated as cargo.

Option

Each vehicle that can be operated by a driver,
except for a trailer or incomplete vehicle,
shall... Each vehicle that can be operated by an
ADS except for a trailer or incomplete vehicle,
shall show the information specified in S4.3 (a)
through (g), and may show, at the
manufacturer’s option, the information
specified in S4.3 (h) and (i), on a placard
permanently affixed to the second pillar aft of
the 49 CFR Section 565 Vehicle Identification
Number (VIN) placement and on the same
side as the VIN. For vehicles that can be
operated by an ADS without a second pillar aft
of the VIN placement, the placard shall be
affixed on the edge facing the VIN of the rear
side door. If the above locations do not permit
the affixing of a placard that is legible, visible
and prominent, the placard shall be
permanently affixed to the rear edge of the
side door closest to the VIN location. If this
location does not permit the affixing of a
placard that is legible, visible and prominent,
the placard shall be affixed to the inward
facing surface of the vehicle next to the
manufacturer seating position closest to the
VIN location.

This information shall be in the English
language...

Uses driver definition 2.

Retains current text for vehicles with
manually operated driving controls.

Requires unique ADS-DV requirement.
Adds new text for ADSs.

The ADS-DV requirement uses the VIN
standard to potentially establish the
vehicle's reference framework to
provide a consistent placard placement.
This could be accomplished with
another reference point but more
research may be needed. Vehicles
operated by a human driver could also
be modified to align with the new
reference point for ADS-DVs to make
them consistent.

The VIN standard may require
translation and may need to consider
options to further clarify the placard
placement.
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FMVSS No. 110, S4.3 Placard (continued)

Regulatory Text

Translation Options

Potential Considerations

See regulatory text
above.

Option

Each vehicle, except for a trailer or incomplete vehicle, shall
show the information specified in S4.3 (a) through (g), and
may show, at the manufacturer’s option, the information
specified in S4.3 (h) and (i), on a placard permanently affixed
to the left side B-pillar. In each vehicle without a left side B-
pillar and with two doors on the left side of the vehicle
opening in opposite directions, the placard shall be affixed
on the forward edge of the rear side door. If the above
locations do not permit the affixing of a placard that is
legible, visible and prominent, the placard shall be
permanently affixed to the rear edge of the left side door. If
this location does not permit the affixing of a placard that is
legible, visible and prominent, the placard shall be affixed to
the inward facing surface of the vehicle next to the front left
seating position...

This information shall be in the English language...

Replaces the reference to the driver's
side B-pillar with the left side B-pillar,
which removes the driver language from
the text.

Utilizes the vehicle "left side" definition
to reference the placard placement and
removes the dependency on the term
"driver.” Removes the potential need for
unique ADS-DV requirement.

Bidirectional vehicles may require two
placard labels.

160




Regulatory Text

O D, S4.3 Placard

Translation Options

Potential Considerations

(b) Designated seated
capacity (expressed in
terms of total number
of occupants and
number of occupants
for each front and rear
seat location);

Option

(b) Designated seated capacity (expressed in
terms of total number of occupants and number
of seating positions);

Unconventional ADS-DVs may not have front and rear
seat locations. This option allows for unconventional
seating.

Option

(b) Designated seated capacity (expressed in
terms of total number of occupants and number
of occupants for each seating position located in
the vehicle areas defined in 49 Section 565
Diagram XX);

49 Section 565 translation to include placing the
vehicle on a grid space to designate the VIN location
and define specific vehicle areas (e.g., area A would be
left, front half of the vehicle).

This option provides a potential generic method to
establish a frame of reference that could be used
across vehicles and that is inclusive of bidirectional
vehicles.

Using the VIN standard or another frame of reference
may work for designing the vehicle. However, more
research may be needed to understand a suitable
method to communicate information to the end user.
There may be a potential need to develop the suitable
and generic frame of reference for consistency across
vehicles.

Option

Same as Option 1.
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FMVSS No. 110, S4.3.3 Additional labeling information for vehicles other than passenger cars.
Potential Considerations

Regulatory Text

Translation Options

Each vehicle shall show the size designation
and, if applicable, the type designation of rims
(not necessarily those on the vehicle)
appropriate for the tire appropriate for use on
that vehicle, including the tire installed as
original equipment on the vehicle by the
vehicle manufacturer, after each GAWR listed
on the certification label required by §567.4 or
§567.5 of this chapter. This information shall
be in the English language, lettered in block
capitals and numerals not less than 2.4
millimeters high and in the following format:

Truck Example—Suitable Tire-Rim Choice

GVWR: 2,441 kilograms (5381 pounds).

GAWR: Front—1,299 kilograms (2,864 pounds)
with P265/70R16 tires, 16 x 8.0 rims at 248 kPa
(36 psi) cold single.

GAWR: Rear—1,299 kilograms (2,864

pounds) with P265/70R16 tires, 16 x 8.00 rims,
at 248 kPa (36 psi) cold single.

Option

Retain current language.

The example represents a conventional
truck which has a front axle or rear axle.
Future research may want to consider a
second example for unconventional
ADS-DV.
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FMVSS No. 110, S4.3.3 Additional labeling information for vehicles other than passenger cars.

Regulatory Text

Translation Options

Potential Considerations

Option

Each vehicle shall show the size
designation... and in the following
format:

Truck that can be operated by a driver
Example—Suitable Tire-Rim Choice

GVWR: 2,441 kilograms (5381 pounds).
GAWR: Front—1,299 kilograms (2,864
pounds) with P265/70R16 tires, 16 x 8.0
rims at 248 kPa (36 psi) cold single.
GAWR: Rear—1,299 kilograms (2,864
pounds) with P265/70R16 tires, 16 x
8.00 rims, at 248 kPa (36 psi) cold single.

Truck that can be operated by an ADS
Example—Suitable Tire-Rim Choice

GVWR: 2,441 kilograms (5381 pounds).
GAWR: Axle AB—1,299 kilograms (2,864
pounds) with P265/70R16 tires, 16 x 8.0
rims at 248 kPa (36 psi) cold single.
GAWR: Axle CD—1,299 kilograms (2,864
pounds) with P265/70R16 tires, 16 x
8.00 rims, at 248 kPa (36 psi) cold single.

Uses driver definition 2.

Retains current text for vehicles with
manually operated driving controls.

Requires unique ADS-DV requirement.
Adds new example for ADS-equipped
vehicles.
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TABLE |—OCCUPANT LOADING AND DISTRIBUTION

FOR VEHICLE NORMAL LOAD FOR

VARIOUS DESIGNATED SEATING CAPACITIES

Option

Retain current language.

FMVSS No. 110, S4.4.1 Requirements

Bidirectional operation definition may
need to be incorporated into Section
571.3 and the application added to
Section 571.7 or a new application
section, such as 571.11, may need to be
added.

Current loading may not be
representative of ADS-DV seating
patterns or allow for unconventional
seating.

. . Occupant
De5|gr:|ated Vehicle distribution
seating normal .
. ina
capacity, load,
normally
number of |number of
loaded
occupants (occupants -
vehicle
2 through 4 2 2 in front.
2 in front, 1
5 through 3 in second
10
seat.
2 in front, 1
in second
11 through 5 seat, 1in
15 third seat, 1
in fourth
seat.
2 in front, 2
in second
16 through 7 seat, 2 in
22 third seat, 1
in fourth
seat.

Option

Update table and align with VIN
translation designating vehicle areas.

Consider translating the VIN regulation
to include vehicle placement in space
with designated areas that could be
used to reference seating locations or
use another generic reference point.

Current normal loading condition
implies that there will always be a
human driver in the front/left and the
next occupant will be in the front right
(based on today's seating usage
behaviors). Even if this were to be
updated to a new reference for seating
location, the occupant distribution may
not be understood to represent the
maximum tire loading.
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FMVSS No. 110, S4.4.1 Requirements

Option

Replace Table 1 with an occupant
loading and distribution test that would
determine occupant placement for
maximum tire loading. Completing the
table based on vehicle's seating capacity
shown in column 1 and 2 of Table 1.

This option looks at using a new
approach to obtain the tire loading
through additional testing.

Table 1 Research Need, Occupant
Loading and Distribution for Vehicle
Normal Load for Various Designated
Seating Capacities is based on a vehicle
equipped with manual operating driving
controls (e.g., assumes human driver in
front, left seating position). The weight
loading assumes human driver and
passenger seating in the front seat
before seating in the rear seat. This
seating pattern is typical for vehicles
operated by a human driver, but may
not be the most likely seating pattern
for an ADS-DV.

Research could be conducted to
develop a new method for maximizing
the normal load on any given tire
considering the seating capacities,
which may require additional test
procedures and testing.
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Regulatory Text

FMVSS No. 110, S7.2 Supplementary information

Translation Options

Potential
Considerations

The owner’s manual of the passenger
car shall contain, in writing in the
English language and in not less than 10
point type, the following information
under the heading “IMPORTANT—USE
OF SPARE TIRE":

(a) A statement indicating the
information related to appropriate use
for the non-pneumatic spare tire
including at a minimum the

information set forth in S6 (a) and (b)
and either the information set forth in
S4.3(g) or a statement that the
information set forth in S4.3(g) is
located on the vehicle placard and on
the non-pneumatic tire;

(b) Aninstruction to drive carefully
when the non-pneumatic spare tire is in
use, and to install the proper pneumatic
tire and rim at the first reasonable
opportunity; and

(c) A statement that operation of the
passenger car is not recommended with
more than one non-pneumatic spare
tire in use at the same time.

"Drive" does not
indicate who is

Option driving the
1 Retain current language. vehicle. It is
inclusive of a
human driver and
an ADS.
The owner’s manual of the passenger car shall contain, in writing in the
English language and in not less than 10 point type, the following
information under the heading “IMPORTANT—USE OF SPARE TIRE":
(a) A statement indicating the information related to appropriate use
for the non-pneumatic spare tire including at a minimum the
information set forth in S6 (a) and (b) and either the information set May provide
Option | forth in S4.3(g) or a statement that the information set forth in S4.3(g) | additional clarity
2 is located on the vehicle placard and on the non-pneumatic tire; when considering

(b) An instruction to operate a vehicle carefully when the non-
pneumatic spare tire is in use, and to install the proper pneumatic tire
and rim at the first reasonable opportunity; and

(c) A statement that operation of the passenger car is not
recommended with more than one non-pneumatic spare tire in use at
the same time.

an ADS-DV.
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FMVSS No. 110, S8.2 Wheel Cover Requirements \

Regulatory Text Translation Options Potential Considerations

Bidirectional vehicles may require two placard labels which would need
to correspond to the tires. Further research may be needed to ensure
the user (e.g., person responsible for maintenance, fleet operator or

Option . occupant) understands how to interpret the bidirectional placard labels.
Retain current language.

1
Perhaps for vehicles with bidirectional operation, the text for “Front”
and “Rear” could be translated to “Axle A-B” and “Axle C-D” specifically
for vehicle with bidirectional operation.
Consider translating the VIN regulation to include vehicle placement in
Retain current language space with designated areas that could be used to reference seating
Option | and consider translating locations or use another generic reference point.
2 VIN regulation to include
axle placement in space. VIN regulation would require translation and consider options to further

clarify the axle placement.
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FMVSS No. 110, S8.2 Wheel Cover Requirements \

Regulatory Text Translation Options Potential Considerations

Tire Inflation Pressure Label

o Bidirectional vehicles may require two placard labels which would
e o need to correspond to the tires. Further research may be needed
T to ensure the user understands how to interpret the bidirectional
L . . lacard labels.
T Option | Retain current P
1 language.

Perhaps for vehicles with bidirectional operation, the text for

Yollow Toxt on Black Background or

ST Bz “Front” and “Rear” could be translated to “Axle A-B” and “Axle C-

— D” specifically for vehicle with bidirectional operation.
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FMVSS No. 110, S8.2 Wheel Cover Requirements \

Regulatory Text Translation Options Potential Considerations

Consider translating the VIN regulation to include vehicle
Retain current language | placement in space with designated areas that could be used to
and consider translating | reference seating locations or use another generic reference

Option . .
pz VIN regulation to point.
include axle placement
in space. The VIN standard may require translation and consider options to

further clarify the axle placement.
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FMVSS No. 110, $9.3.3 |

Regulatory Text

Translation Options

Potential Considerations

An RV load carrying capacity label (Figures 3 or 4)
must be:

(a) Permanently affixed and must be visibly
located on the interior of the forward-most
exterior passenger door on the right side of the
vehicle or; at the option of the manufacturer,
(b) A temporary version of the RV load carrying
capacity label (Figures 3 or 4) must be visibly
located on the interior of the forward-most
exterior passenger door on the right side of the
vehicle. A permanent motor home or RV trailer
supplemental label (Figures 5 or 6) must be
permanently affixed within 25 millimeters of the
placard specified in S4.3 for motor homes and
S4.3.5 for RV trailers.

(b) A temporary version of the RV load
carrying capacity label (Figures 3 or 4)
must be visibly located on the interior of
the forward-most exterior passenger
door on the right side of the vehicle or; if
the interior of the forward-most exterior
passenger door on the right side of the

Adds the option for the
manufacturer to specify the

Option 1 . . . label location if the exterior

vehicle does not have a visible location .

. passenger door location is
then the manufacturer can designate a i
. . not defined.

visible location. A permanent motor

home or RV trailer supplemental label

(Figures 5 or 6) must be permanently

affixed within 25 millimeters of the

placard specified in S4.3 for motor homes

and S4.3.5 for RV trailers.

(b) A temporary version of the RV load

carrying capacity label (Figures 3 or 4)

must be visibly located on the interior of | Consider translating the VIN

the forward-most exterior passenger standard to include vehicle

door on the right side of the vehicle as placement in space with
Option 2 defined in Figure XX of 49 Part 565. A designated areas that could

permanent motor home or RV trailer
supplemental label (Figures 5 or 6) must
be permanently affixed within 25
millimeters of the placard specified in
S4.3 for motor homes and S4.3.5 for RV
trailers.

be used to reference seating
locations or use another
generic reference point.
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FMVSS No. 110, S10.1 Weight added to vehicles between final vehicle certification and first retail sale of the vehicle (a)-(d)
Regulatory Text

(a) Permanently affix load carrying capacity modification labels (Figure 7), which display the amount the load carrying capacity is reduced to
the nearest kilogram with conversion to the nearest pound, within 25 millimeters of the original, permanent RV load carrying capacity label
(Figure 3 or 4) and the original placard (Figure 1). The load carrying capacity modification labels must be legible, visible, permanent, moisture
resistant, presented in the English language, have a minimum print size of 2.4 millimeters (3/32 inches) high and be printed in black print on a
yellow background, or (b) If the manufacturer selects $9.3.3(b), apply a temporary version of the load carrying capacity modification label
(Figure 7) within 25 millimeters of the original, temporary RV load carrying capacity label (Figure 3 or 4) on the interior of the forward-most
exterior passenger door on the right side of the vehicle, in addition to applying a permanent version of the same label within 25 mm of the
placard required by S4.3 or S4.3.5. Both temporary and permanent versions of the load carrying capacity modification label (Figure 7) may be
printed without values and values may be legibly applied to the label with a black, fine point, indelible marker. The label must contain the
statements “CAUTION—LOAD CARRYING CAPACITY REDUCED"” in block letters and “Modifications to this vehicle have reduced the original
load carrying capacity by XXX kg or XXX lbs.” in accordance with Figure 7. If two load carrying capacity modification labels are required (one
permanent and one temporary), the weight values on each must agree, or

(c) Modify the original, permanent RV load carrying capacity labels (Figures 3 and 4) and the placard (Figure 1) with correct vehicle capacity
weight values. If the manufacturer selects $9.3.3 (b), the temporary RV load carrying capacity labels (Figures 3 and 4) must also be modified
with correct vehicle capacity weight values. Modification of labels requires a machine printed overlay with printed corrected values or blanks
for corrected values that may be entered with a black, fine-point, indelible marker. Crossing out old values and entering corrected values on
the original label is not permissible, or

(d) Replace the original, permanent RV load carrying capacity labels (Figures 3 and 4) and the placard (Figure 1) with the same labels/placard
containing correct vehicle capacity weight values. If the manufacturer selects $9.3.3 (b), the temporary RV load carrying capacity labels
(Figures 3 and 4) must also be replaced with the same labels containing correct vehicle capacity weight values.
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FMVSS No. 110, S10.1 Weight added to vehicles between final vehicle certification and first retail sale of the vehicle (a)-(d)

Regulatory Text

Translation Options

Potential Considerations

See regulatory
text above.

...carrying capacity label (Figure 3 or 4) on the interior of
the forward-most exterior passenger door on the right
side of the vehicle or; if the interior of the forward-most

Adds the option for the manufacturer
to specify the label location if the
exterior passenger door location isn't
defined.

Opiilon exterior passenger door on the right side of the vehicle
does not have a visible location then the manufacturer Considers bidirectional vehicles.
can designate a new visible location, in addition to
applying a permanent version of the same label... Considers unconventional ADS-DV
seating positions.
49 Section 565 translation to include
placing the vehicle on a grid space to
designate the VIN location and define
specific vehicle areas (e.g., area A would
...carrying capacity label (Figure 3 or 4) on the interior of be left, front half of the vehicle).
Option the forward-most exterior passenger door on the right Considers bidirectional vehicles.
2 side of the vehicle as defined in 49 Section 565 Diagram

XX, in addition to applying a permanent version of the
same label...

Approach provides a generic location
for the label that is similar to the
location in vehicles operated by a
human driver.
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FMVSS No. 113: Hood Latch System

Technical Translation Options Summary: The purpose of this FMVSS “establishes the requirement for providing a hood latch

system or hood latch systems.” (S1)

The FMVSS No. 113 technical translation approach considers the hood obstructing the human driver's ability to see through the
windshield as equivalent to the hood obstructing the sensors of an automated driving system (ADS) that is used to complete the
dynamic driving task (DDT) in the forward motion for an ADS-dedicated vehicle (ADS-DV). Option 1 maintains the current hood
definition for human drivers and adds a new translated definition for ADS-DVs. Option 2 maintains the current definition of hood and
addresses the ADS sensor obstruction in the $4.2 requirement. Option 3 provides an additional §4.2 requirement translation option
and has the fewest language modifications.

FMVSS No. 113, S3. Definitions. |

Regulatory Text

Translation Options

Potential Considerations

Hood means any
exterior movable
body panel forward of
the windshield that is
used to cover an
engine, luggage,
storage, or battery
compartment.

Option

For vehicles that can
operated by a human
driver, a hood means any
exterior movable body
panel forward of the
windshield that is used to
cover an engine, luggage,
storage, or battery
compartment. For vehicles
that can be operated by an
ADS, a hood means any
exterior movable body
panel forward of the
sensors used by the ADS to
complete the dynamic
driving task (DDT) in the
forward motion, that is
used to cover an engine,

Uses driver definition 1.

Retains current regulatory text for vehicles equipped with
manually operated driving controls.

Interchangeable with Option 3.

There may be complexity in providing two unique definitions for
hood (e.g., one for vehicles equipped with manually operated
driving controls and one for ADS-DVs). Determining which sensors
are being used to complete the DDT in the forward motion, their
location and if physical blockage impacts the sensor’s capability
to sense the forward view may also be complex. However, an
Office of Vehicle Safety Compliance (OVSC) form could be
developed to request this information from the manufacturer.

The use of ADS sensors in the definition may need to be defined
further. For example, referencing the DDT may be too broad and
include sensors beyond "seeing" the forward view. Perhaps using
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FMVSS No. 113, S3. Definitions. |

Regulatory Text Translation Options Potential Considerations
luggage, storage, or battery | “extrospective” ADS sensors to further describe the sensors could
compartment. help provide additional clarity.

ADS sensors could also be replaced with perception systems.

Retains regulatory text for vehicles equipped with manually
operated driving controls and ADS-DVs.

Translations to hood definition may not be needed based on the
assumption that bidirectional vehicles are addressed in the

Option . . .. .
P Retain current language. definition and application section.

2

There may be compartments that are not forward of the
windshield that could block the ADS sensors completing the
forward DDT (e.g., sensors located on the side of the vehicle
looking forward).

Option | Interchangeable with
3 Option 1 or 2.
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FMVSS No. 113, S4.2 Requirements.

Regulatory Text

Translation Options

Potential Considerations

A front opening hood
which, in any open
position, partially or
completely obstructs a
driver's forward view
through the windshield
must be provided with
a second latch position
on the hood latch
system or with a
second hood latch
system.

Option

For vehicles that can operated by a human
driver, a front opening hood which, in any
open position, partially or completely
obstructs a driver's forward view through the
windshield must be provided with a second
latch position on the hood latch system or
with a second hood latch system.

For vehicles that can be operated by an ADS
driver, a hood opening which, in any open
position, partially or completely obstructs the
sensors used by the ADS to complete DDT in
the forward motion must be provided with a
second latch position on the hood latch
system or with a second hood latch system.

Uses driver definition 1.

Retains current regulatory text for vehicles
equipped with manually operated driving
control and adds specific ADS-DV requirement.

Option

For a vehicle that can be operated by a driver,
a front opening hood which, in any open
position, partially or completely obstructs a
human driver's forward view through the
windshield must be provided with a second
latch position on the hood latch system or
with a second hood latch system.

For vehicles that can be operated by an ADS,
a hood opening which, in any open position,
partially or completely obstructs the sensors
used by the ADS to complete DDT in the
forward motion must be provided with a

Uses driver definition 2.

Retains current regulatory text for vehicles
equipped with manually operated driving
control and adds specific ADS-DV requirement.
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second latch position on the hood latch
system or with a second hood latch system.

Option

A front opening hood which, in any open
position, partially or completely obstructs
either a driver's forward view through the
windshield or the sensors used by the ADS to
complete DDT in the forward motion must be
provided with a second latch position on the
hood latch system or with a second hood
latch system.

Uses driver definition 1.

Uses same language for vehicles equipped with
manually operated driving controls and ADS-
DVs.
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FMVSS No. 113,

S4.4
Requirements

Added for ADS-DV Translation- S4.3

Regulatory Text

Translation Options

Potential Considerations

Regulatory Text
provided as an
option.

Option

For vehicles that can be operated
by an ADS driver, a hood opening
which, in any open position,
partially or completely obstructs
the sensors used by the ADS to
complete DDT in the forward
motion must be provided with a
second latch position on the hood
latch system or with a second
hood latch system.

ADS sensors could be replaced with perception systems.

Added new requirement translating the hood obstructing the
human driver's view through the windshield to the hood
obstructing the forward detection (view) of the ADS sensors, radar,
LiDAR.

ADS sensors may need to be defined further.

Referencing the DDT may be too broad and include sensors beyond
"seeing" the forward view.

Option

For vehicles that can be operated
by an ADS, a hood opening which,
in any open position, partially or
completely obstructs th