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National Highway Traffic Safety Administration

Preliminary Statement of Policy
Concerning Automated Vehicles

America is at a historic turning point for automotive travel. Motor vehicles and drivers’
relationships with them are likely to change significantly in the next ten to twenty years, perhaps
more than they have changed in the last one hundred years. Recent and continuing advances in
automotive technology and current research on and testing of exciting vehicle innovations have
created completely new possibilities for improving highway safety, increasing environmental
benefits, expanding mobility, and creating new economic opportunities for jobs and investment.
The United States is on the threshold of a period of dramatic change in the capabilities of, and
expectations for, the vehicles we drive. In fact, many are inspired by the vision that the vehicles
will do the driving for us.

Although this Statement focuses on the enormous safety potential of these new technologies,
they offer an even wider range of possible benefits. Vehicle control systems that automatically
accelerate and brake with the flow of traffic can conserve fuel more efficiently than the average
driver. By eliminating a large number of vehicle crashes, highly effective crash avoidance
technologies can reduce fuel consumption by also eliminating the traffic congestion that crashes
cause every day on our roads. Reductions in fuel consumption, of course, yield corresponding
reductions in greenhouse gas emissions. To the extent vehicles can communicate with each
other and with the highway infrastructure, the potential for safer and more efficient driving will
be increased even more. Drivers—or vehicles themselves—will be able to make more intelligent
route selections based on weather and traffic data received by the vehicle in real time. Mobility
for those with a range of disabilities will be greatly enhanced if the basic driving functions can
be safely performed by the vehicle itself, opening new windows for millions of people.

Preventing significant numbers of crashes will, in addition to relieving the enormous emotional
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Levels of Automation

The National Highway Traffic Safety Administration (NHTSA) has defined five levels of vehicle
automation (NHTSA, 2013). These definitions are based on the level of user versus vehicle
control. In this taxonomy, as the level of automation increases, the role of the operator shifts from
primary control to that of supervisory control (Figure 1-1). This taxonomy was used to guide all
research under the current study, which focused on Level 2 and Level 3 vehicle automation. Two
experiments utilized Level 2 vehicles, and one experiment utilized a Level 3 vehicle. (It should be
noted that, while the Society of Automotive Engineers has also developed standards for
automation levels, their nomenclature will not be addressed in this report. [SAE, 2014]).

Iy

Vehicle

Level 4 Full Self-Driving Automation
Control

e Level 1 Function-specific Automation

Level 0 No-Automation

User
Control

Figure 1-1. The NHTSA Automation Levels

=X(&}): 'Preliminary Statement of Policy Concerning Automated Vehicles' NHTSA, 2013.05

X(2): 'Human Factors Evaluation of Level 2 and Level 3 Automated Driving Concepts' NHTSA, 2015.08
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StandardsWorks™ v

INTERNATIONAL

My Committees W H . . ers .
f Q B Q On-Road Automated Driving (ORAD) Definitions Task Force Discuss 3
ISO_SAE Automation Taxonomy and Overview WIPs Ballots Participants Work Area Meetings
Definitions Joint WG o
Committees Member - General Interest
ORAD Reference Architecture and Interfaces Shared WIP Documents (2) Q
Tasks (RAD)
Member - General Interest Document  Title Sponsor Date
ivi | . o |
ca] On Road Automated Driving Maneuver Task | 3016 Taxonomy and Definitions for Terms Related to Driving { HongkiCh Mar 24 2023 |
Meetings . . ongki Cha ,
= Force Automation Systems for On-Road Motor Vehicles g
Member - General Interest L e e e e e e, e, e, e, e, e — = =
Taxonomy & Definitions for Operational Design Domain
J3259 . ) I Christopher Bartholomew ~ Jul 16, 2021
On Road Automated Driving Simulation Task (ODD) for Driving Automation Systems
Force
Member - General Interest Items per page: 50 v 1-20f2
% SAE INTERNATIONAL J3016™ APR2021 Page 27 of 41
SURFACE VEHICLE J3o016™ APR2021
INTERNATIONAL. RECOMMENDED PRACTICE | issued 2014-01 Does the feature:
Revised 2021-04
Perform the complete DDT and DDT fallback without <>Ves = Full Driving Automation
Superseding J3016 JUN2018 oDD limitation? No Level 5
J
12
(R) Taxonomy and Definitions for Terms Related to Perform the complete DDT and DDT fallback within a <>Yes—) High Driving Automation
Driving Automation Systems for On-Road Motor Vehicles limited ODD? No Level 4
. J
Perform the complete DDT, but not DDT fallback, within <>v93-) Conditional Driving Automation
RATIONALE a limited ODD? No Level 3
This revision of SAE J3016 was undertaken in close cooperation between the SAE On-Road Automated Driving (ORAD) v I
Committee and ISO TC204/WG14 through a Joint Working Group formed in 2018. This collaboration brought to bear the Perform both longitudinal and lateral vehicle motion <>y = e T AR
knowledge and expertise of global experts in driving automation technology and safety. Several new terms and definitions control (on a sustained basis), but not complete OEDR? € Level 2 e
have been added and multiple corrections and clarifications have been made to address frequently misunderstood concepts ! N0
and improve the utility of the document, especially for non-native English speakers. As in the previous version, it provides f- J
a taxonomy describing the full range of levels of driving automation in on-road motor vehicles and includes functional Perform either longitudinal or lateral vehicle motion Yes > Driver Assistance
definitions for advanced levels of driving automation and related terms and definitions. This document does not provide control (on a sustained basis), but not complete OEDR? Vet
specifications, or otherwise impose requirements on, driving automation systems (for further elaboration, see 8.1). ! P i N|°
Standardizing levels of driving automation and supporting terms serves several purposes, including: fa
Perform none of the DDT or DDT fallback?
1. Clarifying the role of the (human) driver, if any, during driving automation system engagement. <>V“') [":,E,';,“ ing Automation
2. Answering questions of scope when it comes to developing laws, policies, regulations, and standards.
Figure 10 - Simplified logic flow diag for igning driving ion level to a feature

3. Providing a useful framework for driving automation specifications and technical requirements.
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SAE J3016™ LEVELS OF DRIVING AUTOMATION™

Learn more here: sae.org/standards/content/j3016_202104

INTERNATIONAL-

Copyright 2021 SAE Internationa e summary table may be freely copied and distributed AS-IS provided that SAE International is acknowledged as the source of the content

SAE SAE SAE SAE SAE SAE
LEVELO"} LEVELT"§ LEVEL2"§] LEVEL 3" § LEVEL 4"§ LEVEL 5"
You are driving whenever these driver support features You are not driving when these automated driving
are engaged - even if your feet are off the pedals and features are engaged - even if you are seated in
What does the you are not steering “the driver’s seat”
human in the
driver’s seat . i -
have to do? You must constantly supervise these support features; When the feature Thesg automateq driving features
you must steer, brake or accelerate as needed to requests, will not requir? you to take
maintain safety you must drive over driving
These are driver support features These are automated driving features
These features These features These features These features can drive the vehicle This feature
are limited provide provide under limited conditions and will can drive the
to providing steering steering not operate unless all required vehicle under
W?attdo thgsg warnings and OR brake/ AND brake/ conditions are met all conditions
eatures do: momentary acceleration acceleration
assistance support to support to
the driver the driver
* automatic * lane centering *|ane centering +traffic jam *local driverless *same as
emergency OR AND chauffeur taxi level 4,
braking ‘ _ ‘ ‘ « pedals/ but feature
Example “blind ¢ «adaptive cruise @ *adaptive cruise pt : can drive
Features i control control at the S everywhere

wheel may or
may not be
installed

warning

same time in all

conditions

*lane departure
warning

.\
Z=X: 'SAE Levels of Driving Automation™ Refined for Clarity and International Audience’ SAE, 2021.05
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Federal Automated Vehicles Policy

Accelerating the Next Revolution

Q

U.S. Department
of Transportation

azNHTSA

C. Overview: DOT's Vehicle Performance Guidance

| Figure I provides the framework for DOT's Vehicle Performance Guidance. It is the

I conformity with SAE International’s published definitions. (NHTSA will review

|
I manufacturer or other entity's responsibility to determine their system's AV level in |
|
|

manufacturers’ automation level designations and advise the manufacturer if the
LAgency disagrees with the level assigned by the manufacturer.) The figure identifies |

the key areas to be addressed by manufacturers and other entities prior to testing or
deploying the vehicle on public roadways.

Figure I: Framework for Vehicle Performance Guidance

Scope & Process Guidance

Test/Production Vehicle

FMVSS Certification/
Exemption

HAV Registration

Guidance Applicable to All
HAV Systems on the Vehicle

Data Recording and
Sharing

Privacy
System Safety

Vehicle Cybersecurity

Human-Machine
Interface

Crashworthiness
Consumer Education and
Training

Post-Crash Vehicle
Behavior

Federal, State and
Local Laws

Ethical
Considerations

Guidance Specific to Each HAV System

Describe the ODD Object and Event Fall Back
(Where does it operate?) |Detection and Response | Minimal Risk Condition

Testing and Validation

Simulation Track On-Road
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02. ISO/SAE PAS 22736

SAE 2!1SO/TC 204/WG 140]
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2021, SAE J3016 P8 = A
ISO/SAE PAS 22736 H7 &H2f

S1XH, SAE ORAD Committee 2
ISO/TC 204/WG 14 ~tSF JWGO| A
ISO/SAE TS 227362 2H 2 1N

CHEIR IS, O =2, FHLIC, ¥=2, Y&,
=2 B SAE MEIS(CHHE: XF=2))

ISO/SAE PAS 22736:2021(E)

Does the feature:

Perform the complete DDT and DDT fallback without <> Yes > Full Driving Automation

ODD limitation? No Level 5
|
2
Perform the complete DDT and DDT fallback within a <> Yes > High Driving Automation
limited ODD? No Level 4
|
v
Perform the complete DDT, but not DDT fallback, within <> Yes > Conditional Driving Automation
a limited ODD? No Level 3
|
2

Perform both longitudinal and lateral vehicle motion <> Yes > Partial Driving Automation
control (on a sustained basis), but not complete OEDR? Level 2
|

¥
Perform either longitudinal or lateral vehicle motion
control (on a sustained basis), but not complete OEDR?  no
J

Yes > Driver Assistance
Level 1

v
Perform none of the DDT or DDT fallback? <> Yes > No Driving Automation
Level 0

Figure 10 — Simplified logic flow diagram for assigning driving automation level to a feature

Figure 10 shows a simplified logic diagram for classifying driving automation features. Note that the information
required to answer the questions posed in this figure cannot be empirically derived (see 8.2).

LY Earni=s @ = | 1S0_SAE Automation Taxonomy and Definitions Joint WG

, b e e e e e ——— - —
ISO_SAE Automation Taxonomy and Overview Ballots Participants Work Area Meetings
Definitions Joint WG —

Member - General Interest

ORAD Reference Architecture and Interfaces
(RAI)

Member - General Interest

Upcoming Meetings

Type Date Location
On Road Automated Driving Maneuver Task

Meetings Force

Member - General Interest i ] Nov 6, 2023 Seoul, South Korea

On Road Automated Driving Simulation Task
Force

Member - General Interest Minutes and Presentations

On-Road Automated Driving (ORAD)
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PUBLICLY
AVAILABLE
SPECIFICATION

ISO/SAE
PAS
22736

First edition
2021-08

Taxonomy and definitions for terms
related to driving automation systems
for on-road motor vehicles

Taxonomie et définitions des termes relatifs aux systémes de conduite
automatisée des véhicules routiers a moteur

Reference number

AN 1SO/SAE PAS 22736:2021(E)

ISO

A v g

JNTERNATIOMAL, © ISO/SAE International 2021
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KS R ISO/SAE PAS 22736:2021

http://bast.opus.hbz-nrw.de/volltexte/2013/723/pdf/Legal consequences of an_increase in vehicle
automation.pdf.

Michon, J.A., 1985. “A Critical View of Driver Behavior Models: What Do We Know, What Should We Do?"
In Evans, L. and Schwing R. C. (Eds.). Human behavior and traffic safety (pp. 485-520). New York:
Plenum Press, 1985.

Smith, BW., “Engineers and Lawyers Should Speak the Same Robot Language”, in ROBOT LAW (2015),
available at https://newlypossible.org
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Document FRAV-43-04/Rev.5
43" FRAV session
12-14 September 2023

Guidelines for Regulatory Requirements and Verifiable Criteria for ADS
Safety Validation

This document has been prepared by the Informal Working Group on Functional
Requirements for Automated Vehicles (FRAV). The document provides
guidelines to support the development of regulatory requirements and verifiable
criteria for the assessment of Automated Driving Systems and vehicles
equipped with such systems in accordance with the FRAV terms of reference
and the WP.29 Framework document on automated/autonomous vehicles.'

1. Introduction

11, This section provides background information concerning the
deliberations on safety requirements for Automated Driving
Systems (ADS).

1.2 The development of these recommendations involved extensive

consideration of what an ADS is and how ADS relate to human
roles in driving. Accordingly, the definition of ADS is central to
these recommendations. Two leading international standards
bodies, SAE and ISO, define ADS as: “The hardware and software
that are collectively capable of performing the entire DDT
(Dynamic Driving Task) on a sustained basis, regardless of
whether it is limited to a specific operational design domain
(ODD).”?

Py Ao PO N T PR o 1. K-

Document FRAV-43-04/Rev.5
43 FRAV session
12-14 September 2023

Introduction and approach

I Operatlonal Design Domain

I Operational design domain (ODD) refers to:

I 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 J3016)

Given a specific ODD, it is crucial for the ADS to ensure that:

e it can operate safely within its ODD under conditions
reasonably expected in the ODD

o it will be used only within its ODD

e it can monitor whether it is inside/outside its ODD and
respond appropriately.

The conditions constituting the ODD in which the ADS was
designed to operate will help determine which ADS competencies
are required. For example, if an ADS has an ODD which comprises
of roads with non-signalised junctions, one of the required
behaviour competencies for the ADS in that ODD could potentially
be “unprotected left or right turn”. However, the same behaviour
competency may not be required if the ODD of an ADS is limited
to motorways or highways with signalised junctions.

10
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3.2 IAUTOMATED DRIVING SYSTEM (ADS) : 3.2

=8 A|AHB](automated driving system)
The hardware and software that are collectively capable of performing the entire DDT on a sustained basis, regardless of ADS
whether it is limited to a specific operational design domain (ODD); this term is used specifically to describe a Level 3, 4, =35 @ 3, @ 4 == # 59 SAAEZAAHS 7)&E BHo g AL 2.0
or 5 driving automation system. 9o "~ | T 5 TY FH2E AFEOIT @
22474 $1(ODD)ell thk Al o - 9} guglo] A%H oz DDT AAE QAo
= SlESoj 9} AZE o

3.10 IDYNAMIC DRIVING TASK (DDT) | 3.10
SH M A (dynamic driving task)
All of the real-time operational and tactical functions required to operate a vehicle in on-road traffic, excluding the strategic § ppT
;l:Jrll)CtggEg'SUCh as trip scheduling and selection of destinations and waypoints, and including, without limitation, the following e )4 =) 9} Aex] ezl 7+e Aol 7% Aoty vheo wataht oo 4~
o] Vo BE AN B} A&HA 7%
1. Lateral vehicle motion control via steering (operational).

R R R R . . 3 . > ' ) = 51 ) ' 1 O L= Ao ()
Longitudinal vehicle motion control via acceleration and deceleration (operational). . X g 2 AoY (3

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

Object and event response execution (operational and tactical).
Maneuver planning (tactical).

Enhancing conspicuity via lighting, sounding the horn, signaling, gesturing, etc. (tactical). 23 A9 AA(AZ)
(<] v O L\Ca

24| 2} o|Hl Eo| HX|2l O 2(object and event detection and response)

The subtasks of the DDT that include monitoring the driving environment (detecting, recognizing, and classifying objects BoEDR

and events and preparing to respond as needed) and executing an appropriate response to such objects and events (i.e.,as f_. ., . ) 21 (0 5 = i W BE J oTr Zyl\o

needed to complete the DDT and/or DDT fallback). T B8 EUEHP (A A < OIL‘H“?‘?‘- A, A4 =2 = TH)E ¥
o} o|HIE(Z, DDT %/=+ DDT &9 ¢ksel Qg ZA9)d s HAg g
a9l 2

3.21 IOPERATIONAL DESIGN DOMAIN (ODD) ! 3.21 ‘ ‘ ‘
28 A AH|'H 2 (operational design domain)

Operating conditions under which a given driving automation system or feature thereof is specifically designed to function, §ODD"

including, but not limited to, environmental, geographical, and time-of-day restrictions, and/or the requisite presence or § = .. A $A X A 2B s - s 1A 2l A Al ZFA (fme-af- JlOF T jer

absence of certain traffic or roadway characteristics. J 12 AT RN Il T80, A, |71 (time-of-day) Al Si/fE=
Folu} £2 549 U 478 XHdte] AFees SAu AAH & 27
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