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Abstract: This standard applies to road vehicles. It defines a minimum set of reasonable
assumptions and foreseeable scenarios that shall be considered in the development of safety-
related models that are part of an automated driving system (ADS).

Keywords: ADS, ADS-operated vehicle, automated driving system, assumption, automated
vehicle, autonomous vehicles, AV, decision-making, IEEE 2846™
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Important notices and disclaimers concerning IEEE Standards documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers Concerning
IEEE Standards Documents.”

Notice and disclaimer of liability concerning the use of IEEE Standards
documents

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards
through an accredited consensus development process, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. IEEE Standards are documents developed by volunteers
with scientific, academic, and industry-based expertise in technical working groups. Volunteers are not
necessarily members of IEEE or IEEE SA, and participate without compensation from IEEE. While IEEE
administers the process and establishes rules to promote fairness in the consensus development process, IEEE
does not independently evaluate, test, or verify the accuracy of any of the information or the soundness of
any judgments contained in its standards.

IEEE does not warrant or represent the accuracy or completeness of the material contained in its standards,
and expressly disclaims all warranties (express, implied, and statutory) not included in this or any other
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness for
a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of
material. In addition, IEEE disclaims any and all conditions relating to results and workmanlike effort. In
addition, IEEE does not warrant or represent that the use of the material contained in its standards is free
from patent infringement. IEEE Standards documents are supplied “AS 1S” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE Standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and comments received
from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity, nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given IEEE
standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE UPON
ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE is the approved IEEE
standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that the presenter’s views should be considered the personal views of that individual rather than
the formal position of IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations,
consulting information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is
important that any responses to comments and questions also receive the concurrence of a balance of interests.
For this reason, IEEE and the members of its Societies and Standards Coordinating Committees are not able
to provide an instant response to comments, or questions, except in those cases where the matter has
previously been addressed. For the same reason, IEEE does not respond to interpretation requests. Any person
who would like to participate in evaluating comments or in revisions to an IEEE standard is welcome to join
the relevant IEEE working group. You can indicate interest in a working group using the Interests tab in the
Manage Profile & Interests area of the IEEE SA myProject system. An IEEE Account is needed to access
the application.

Comments on standards should be submitted using the Contact Us form.

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with the
provisions of any IEEE Standards document does not constitute compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and data
ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include
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both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the
promotion of engineering practices and methods. By making these documents available for use and adoption
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.

Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license
to photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400;
https://www.copyright.com/. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years
old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that
they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore or contact IEEE. For more
information about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website. Search for standard number
and year of approval to access the web page of the published standard. Errata links are located under the
Additional Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to
periodically check for errata.

Patents

IEEE Standards are developed in compliance with the IEEE SA Patent Policy.

IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. IEEE Standards development activities consider
research and information presented to the standards development group in developing any safety
recommendations. Other information about safety practices, changes in technology or technology
implementation, or impact by peripheral systems also may be pertinent to safety considerations during
implementation of the standard. Implementers and users of IEEE Standards documents are responsible for
determining and complying with all appropriate safety, security, environmental, health, and interference
protection practices and all applicable laws and regulations.
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Introduction

This introduction is not part of IEEE Std 2846-2022, IEEE Standard for Assumptions in Safety-Related Models for
Automated Driving Systems.

While automated driving system (ADS)-operated vehicles hold the potential for safety improvement
compared to human drivers, the recognition that transportation will continue to entail some level of risk has
to be considered.

Human drivers rely on extensive daily experience in their interactions with other agents on the road, which
helps them craft assumptions about reasonably foreseeable behavior of other road users. For example, when
following another vehicle, human drivers implicitly make assumptions about the behaviors of other road
users (e.g., the possible deceleration rate of the vehicle in front of them), so that they may appropriately adjust
their following distance. As illustrated in Figure A, the ego vehicle (blue vehicle) makes an assumption about
the deceleration rate of the vehicle in the front (yellow vehicle) and adjusts its following distance as a
consequence. Such assumptions enable human drivers to follow at a “natural” distance that allows for a
smooth flow of traffic. A careful balance between conservativeness, safety considerations, and natural driving
can be established, so that for this example, following distances may be adapted based on assumptions about
reasonably foreseeable behaviors of other road users, not necessarily accounting for the theoretical worst-
case capabilities at all times. Such a balance is needed for the efficiency and safety of the overall
transportation system, without unnecessarily constraining vehicles on the road (e.g., drivers adopting a
behavior based on worst case following distances under all circumstances). For example, studies have shown
that even deceleration rates adopted by human drivers in the context of Figure A are often much lower than
the maximum feasible decelerations achievable by the vehicles, so braking events in nominal driving
conditions are likely to have even lower deceleration rates. If humans made driving decisions based primarily
on the theoretical worst case, following distances would generally increase, and traffic flow could be
negatively affected as a result of overly conservative driving behavior.

(D D

Figure A—An example scenario where the ego vehicle follows another vehicle

The same reasoning applies to interactions with other road users in addition to vehicles, such as pedestrians.
Consider the situation depicted in Figure B, where the ego vehicle is being driven on a roadway next to a
sidewalk where a pedestrian is walking in the same direction of travel. In this context, the ego vehicle driver
implicitly evaluates how reasonable it may be to expect the pedestrian to continue their progression on the
sidewalk versus turning into the road. In other words, the ego vehicle driver is making an assumption about
how reasonably foreseeable it is that the pedestrian will keep moving in the current direction of travel without
a sudden change of direction. Similar to the previously discussed car-following situation depicted in Figure
A, accounting for theoretical worst cases (e.g., that every pedestrian could change heading with the fastest
speed and agility possible for a human being) would lead to a state where an ADS-operated vehicle might
never be able to pass the pedestrian.
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Figure B—An example scenario with the ego vehicle driving alongside a crosswalk with a
pedestrian

The aforementioned examples illustrate how assumptions enable the balancing of efficient natural driving
and safety considerations based on what is reasonably foreseeable to expect from other road users.

Similarly, ADS-operated vehicles will also need to make assumptions. The purpose of this standard is to
define the assumptions about reasonably foreseeable behaviors of other road users that shall be considered
for Automated Driving Systems. One use, presented in this standard, for instance, is the role that assumptions
play within safety-related models, which provide a representation of safety-relevant aspects of driving
behavior pertaining to both ADS-operated vehicles and other road users. In this context, assumptions are
represented by bounds (i.e., maxima and/or minima) for a set of kinematic variables, which enable the ADS
to make informed decisions with an understanding of what would be reasonably foreseeable behaviors of
other road users. Kinematics are used to indicate both physical quantities such as speed/acceleration, but also
non-mechanical quantities such as response time. Additional sources of uncertainty, such as prediction (e.g.,
existence of an occluded road user) or perception errors, are also important but are not explicitly covered in
this standard.

Some safety-related models, which consider assumptions that an ADS-operated vehicle should take into
account, have been released publicly and considered in development of this standard. The use of assumptions
in these example models are varied, for example:

— Assumptions about the reasonable worst-case behaviors of other road users are used to calculate
minimum safe longitudinal and lateral distances.

— Assumptions about road users can be used to formalize rules for reasonable driving behavior and
help assess whether ADS-operated vehicle trajectories are safe and lawful.

— Assumptions can be used to determine the scope of acceptable vs. unacceptable actions.

— Assumptions on reasonably foreseeable accelerations provide a basis for modeling the bounds of
the predicted behavior from other users and allow the model to restrict the predictive agents’ profiles
(i.e., the points in space occupied by agents in the future) used for the computation of the metrics of
interest.

Regardless of the safety-related model utilized, the consideration of assumptions in safety-related models
plays a central role in helping an ADS establish bounds for reasonably foreseeable behavior from other road
users. The definition of the minimum set of assumptions for reasonably foreseeable behaviors of other roads
users helps the ADS-operated vehicle navigate in real world environments more intelligently and safely,
facilitating successful deployment and operation within the current transportation network.

While the set of values of the assumptions used in a safety-related model may be specified by regulation or
selected by the ADS developer, this standard argues that a minimum set of kinematics-based assumptions
can be taken into account under all circumstances, regardless of the model employed.

In this standard, an initial set of high-level scenarios is considered in order to derive a normative set of
assumptions for consideration in safety-related models. The documented scenarios are not representative of
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all scenarios that an ADS-operated vehicle may encounter; instead, they were chosen as the starting contexts
that would allow composability of more complex situations, and helped with the initial identification of the
minimum set of assumptions for the road users present in each scenario of interest.

The considered scenarios and the derived minimum set of assumptions regarding the safety of the overall
system are not exhaustive, but are proposed as a minimum set that can further increase the robustness of the
behavior of an ADS-operated vehicle with respect to other road users.

The content of the standard is as follows:
— Clause 2 provides normative references to other important standards that are complementary to this
standard.

— Clause 3 provides key terms and definitions, including key concepts that are central to this standard,
such as “safety-related model” and “reasonably foreseeable.”

— Clause 4 defines the normative minimum set of assumptions that shall be considered by safety-
related models.

— Clause 5 lists examples of attributes that are common to contributed safety-related models.

— Clause 6 describes methods for possible verification and validation of assumptions in safety-related
models.

— Annex A provides further practical examples of how to apply the normative requirements to
different application areas within an ADS.

— Annex B is the bibliography for this standard.
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IEEE Standard for Assumptions in
Safety-Related Models for Automated
Driving System

1. Overview

1.1 Scope

This standard applies to road vehicles. For a set of scenarios, a minimum set of assumptions
regarding reasonably foreseeable behaviors of other road users are defined that shall be considered in the
development of safety-related models for automated driving systems (ADS).

This standard further defines a list of attributes common to contributed safety-related models and methods
to help verify whether a safety-related model takes the minimum set of assumptions into consideration.
An informative annex instantiates several examples of how the proposed minimum set of assumptions
could be employed in ADS development.

Sources of uncertainty, such as prediction or perception errors, are out of scope to this standard.

This standard does not guarantee the safety of the overall system in all scenarios.

1.2 Purpose

Government and Industry alike need an open, transparent, and technology-neutral standard that
provides guidance useful for evaluating the performance of an ADS. This guidance consists of a
minimum set of assumptions with bounds on reasonably foreseeable behaviors of other road users used
in the development of safety-related models.

1.3 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the
standard and from which no deviation is permitted (shall equals is required to).'*

! The use of the word must is deprecated and cannot be used when stating mandatory requirements; must is used only to describe
unavoidable situations.
2 The use of will is deprecated and cannot be used when stating mandatory requirements; will is only used in statements of fact.
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The word should indicates that among several possibilities one is recommended as particularly suitable,
without mentioning or excluding others; or that a certain course of action is preferred but not necessarily
required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard (may equals
is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or causal (can
equals is able to).

2. Normative references

The following referenced documents shall be understood and used for the application of this document, and
each referenced document is cited in text and its relationship to this document is explained. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments or corrigenda) applies.

ISO 26262:2018, Road vehicles—Functional safety— Part 1: Vocabulary.

ISO/DIS 21448:2021, Road vehicles—Safety of the intended functionality.

ISO/TR 21974-1:2018, Naturalistic driving studies—Vocabulary—Part 1: Safety critical events.

SAE J3016, Taxonomy and Definitions for Terms Related to Driving Automation Systems for On-Road
Motor Vehicles.

SAE J3131, Automated Driving Reference Architecture.

SAE J3216, Taxonomy and Definitions for Terms Related to Cooperative Driving Automation for On-Road
Motor Vehicles.

SAE J3164, Taxonomy and Definitions for Terms Related to Automated Driving System Behaviors and
Maneuvers for On-Road Motor Vehicles.

The reference documents defined here are those applied most commonly throughout the document.
Additional sources can be found in the bibliography in Annex B.

3. Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards Dictionary
Online should be consulted for terms not defined in this clause. * In order to maintain consistent terminology
and definition usage, where quoted text is not available, relevant standards are indicated and should be
referenced.

acceptable risk: Overall risk sufficient to satisfy the safety case.

automated driving system (ADS): See: SAE J3016, Taxonomy and Definitions for Terms Related to
Driving Automation Systems for On-Road Motor Vehicles: 2021.

3IEEE Standards Dictionary Online is available at: http://dictionary.ieee.org. An IEEE account is required for access to the dictionary,
and one can be created at no charge on the dictionary sign-in page.
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conflict: See: ISO/TR 21974-1:2018, Naturalistic driving studies—Vocabulary—Part 1: Safety critical
events

controllability: See: ISO 26262:2018, Road vehicles—Functional safety— Part 1: Vocabulary.

driver: See: SAE J3016, Taxonomy and Definitions for Terms Related to Driving Automation Systems for
On-Road Motor Vehicles: 2021.

NOTE—As described in SAE J3016, the levels of driving automation are classified from Level 0 to Level 5, with an
increasing level of driving automation from no automation to full automation.

driving policy: See: ISO/DIS 21448:2021, Road vehicles—Safety of the intended functionality.

dynamic driving task (DDT): See: SAE J3016, Taxonomy and Definitions for Terms Related to Driving
Automation Systems for On-Road Motor Vehicles: 2021.

event: Any change in ADS state or world state relevant to DDT performance.

emergency maneuver: A maneuver performed by a vehicle in case of an event in which the vehicle is at
imminent collision risk and has the purpose of avoiding or mitigating a collision.

formal model: Model(s), expressed in formal notation, used in formal verification of system performance.
formal notation: See: ISO 26262:2018, Road vehicles—Functional safety— Part 1: Vocabulary.
formal verification: See: ISO 26262:2018, Road vehicles—Functional safety— Part 1: Vocabulary.

lateral vehicle motion control: See: SAE J3016, Taxonomy and Definitions for Terms Related to Driving
Automation Systems for On-Road Motor Vehicles: 2021.

longitudinal vehicle motion control: See: SAE J3016, Taxonomy and Definitions for Terms Related to
Driving Automation Systems for On-Road Motor Vehicles: 2021.

NOTE—See Figure 1 for different axes of vehicle motion.

Figure 1—Diagram showing axes of vehicle motion

object and event detection and response (OEDR): See: SAE J3016 ,Taxonomy and Definitions for
Terms Related to Driving Automation Systems for On-Road Motor Vehicles: 2021.

operational design domain (ODD): See: SAE J3016, Taxonomy and Definitions for Terms Related to
Driving Automation Systems for On-Road Motor Vehicles: 2021.
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reasonably foreseeable: See: ISO 26262:2018, Road vehicles—Functional safety— Part 1: Vocabulary.
NOTE—For the purpose of this standard, reasonably foreseeable is considered to be both credible and measurable.
representation: Collection of information perceived about a scene and all its elements including dynamic

agents.

NOTE—May be subjective or objective. Only a representation in a simulated world can be all-encompassing (objective).
In the real world, it is varied and from one or several observers’ points of view (subjective).

response time: The time it takes for a road user to perceive a specific stimulus and start executing a response
(e.g., braking/steering/accelerating/stopping) in a given scenario.

NOTE—The definition of response time is compatible with that of SAE J2944 [B27].
risk: See: ISO 26262:2018, Road vehicles—Functional safety— Part 1: Vocabulary.

road operators: See: SAE J3216, Taxonomy and Definitions for Terms Related to Cooperative Driving
Automation for On-Road Motor Vehicles: 2020.

road user: See: SAE J3216, Taxonomy and Definitions for Terms Related to Cooperative Driving
Automation for On-Road Motor Vehicles: 2020.

safety envelope: A set of limits and conditions, within which the system is designed to operate, subject to
constraints or controls, in order to maintain operations within a level of acceptable risk.

safety-related model: Representation of safety-relevant aspects of driving behavior based on assumptions
about reasonably foreseeable behaviors of other road users.

NOTE 1—Examples of safety-related models can include those related to motion planning, as well as on-board and off-
board safety checkers and analyzers.

NOTE 2—Safety-related models could apply to both an ADS and representations of other road users.

NOTE 3—Safety-related models can take many forms. Example formulations may include: definition of a driving policy;
definitions as a formal mathematical equation, or as a set of more conceptual rules, or as a set of scenario-based behaviors,
or a combination thereof.

safety-relevant object: Any object (excluding ego vehicle), dynamic or static, that may have relevance for
the safety performance of the DDT.

safety validation: See: ISO 26262:2018, Road vehicles—Functional safety— Part 1: Vocabulary.
scenario: See: ISO/DIS 21448:2021, Road vehicles—Safety of the intended functionality.
scene: See: ISO/DIS 21448:2021, Road vehicles—Safety of the intended functionality.

traffic participant: See: SAE J3216, Taxonomy and Definitions for Terms Related to Cooperative Driving
Automation for On-Road Motor Vehicles: 2020.

[human]| user: See: SAE J3016, Taxonomy and Definitions for Terms Related to Driving Automation
Systems for On-Road Motor Vehicles: 2021.

[dynamic driving task] vehicle behavior: See: SAE J3164, Taxonomy and Definitions for Terms Related
to Automated Driving System Behaviors and Maneuvers for On-Road Motor Vehicles: 2022.

verification: See: ISO 26262:2018, Road vehicles—Functional safety— Part 1: Vocabulary.
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vulnerable road user (VRU): A road user who is not occupying a vehicle such as a passenger car, a public
transit vehicle, or a train.

world model: See: SAE J3131, Automated Driving Reference Architecture: 2022.

3.2 Acronyms and abbreviations

ADS automated driving system

DDT dynamic driving task

ODD operational design domain

OEDR object and event detection and response
SOTIF safety of the intended functionality
VRU vulnerable road user

V&V verification and validation

RSS Responsibility Sensitive Safety

SFF Safety Force Field

4. Minimum set of assumptions about reasonably foreseeable behaviors of
other road users to be used in scenarios

4.1 Assumptions

This clause introduces the minimum set of assumptions about reasonably foreseeable behavior of other road
users that shall be considered in safety-related models for an initial set of scenarios to help demonstrate
absence of unacceptable risk within a given operational design domain (ODD). The absence of unacceptable
risk can be demonstrated through high controllability from other road users, low rates of occurrence, and/or
low severity of the outcome of a particular scenario. The definition of the minimum set of assumptions about
reasonably foreseeable behaviors of other road users helps the ADS-operated vehicle navigate through the
real world more intelligently and safely without unnecessarily constraining its behavior on the road. Scenarios
may exist in which acceptable driving behaviors of other road users do not align with these assumptions, and,
in these cases, additional refinements may be needed on the part of the ADS developer.

This standard considers scenarios that cover safety-relevant driving situations that an ADS-operated vehicle
may encounter in real traffic and in which the use of assumptions about reasonably foreseeable behaviors of
other road users can help it to drive more naturally and safely. Safety-related models that are part of or used
in the evaluation of an ADS shall consider the minimum set of assumptions made about the behaviors of
other road users described within the defined scenarios. This requirement does not imply that all safety-
related models consider the assumptions, but instead, assumptions may be considered by some combination
of safety-related models. Assumptions about other road users should be continuously in place and updated
regularly as required by the safety-related model implementation, taking into consideration information from
the most current scene representation.

Within the scope of this standard, the following high-level road user classification shall be considered:

a) Ego vehicle

b)  Other road users, including:
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