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Abstract: This is an adoption of the Moving Picture, Audio and Data Coding by Artificial
Intelligence (MPAI)—Technical Specification Connected Autonomous Vehicle-Architecture as a
standard. This Technical Specification specifies the architecture of connected autonomous
vehicle (CAV) based on a reference model. The CAV is broken down into subsystems for each of
which are as follows: functions, input/output data, and topology of components.

Keywords: adoption, Al framework, Artificial Intelligence, CAV, connected autonomous vehicle-
architecture, IEEE 3307™
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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 IEEE 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 IEEE Societies and subcommittees of IEEE Standards
Association (IEEE SA) Board of Governors. 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 involved in technical working groups
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 makes no warranties or representations concerning its standards, and expressly disclaims all
warranties, express or implied, concerning all standards, including but not limited to the warranties of
merchantability, fitness for a particular purpose and non-infringement IEEE Standards documents do not
guarantee safety, security, health, or environmental protection, or compliance with law, or guarantee
against interference with or from other devices or networks. 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 IS” 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
their 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 balloting process involves the review of documents in English only. In the event that
an IEEE standard is translated, only the English language version published by IEEE is the approved IEEE
standard.

Use by artificial intelligence systems

In no event shall material in any IEEE Standards documents be used for the purpose of creating, training,
enhancing, developing, maintaining, or contributing to any artificial intelligence systems without the
express, written consent of IEEE SA in advance. “Artificial intelligence” refers to any software,
application, or other system that uses artificial intelligence, machine learning, or similar technologies, to
analyze, train, process, or generate content. Requests for consent can be submitted using the Contact Us
form.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board
Operations Manual is not, and 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, or be relied upon as, a formal position of IEEE or IEEE
SA. 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. Statements made by volunteers may not represent the formal position of their employer(s) or
affiliation(s). News releases about IEEE standards issued by entities other than IEEE SA should be
considered the view of the entity issuing the release rather than the formal position of IEEE or IEEE SA.

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 subcommittees of the IEEE SA Board
of Governors 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 revisions to an
IEEE standard is welcome to join the relevant IEEE SA 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.?

! Available at: https://development.standards.ieee.org/myproject-web/public/view.html#landing.
2 Available at: https://standards.ieee.org/about/contact/.
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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 U.S. 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 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, neither IEEE nor its licensors 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.
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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.>

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE SA Website at https://standards.iece.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility. Further information may be obtained from the IEEE Standards Association.

IMPORTANT NOTICE

Technologies, application of technologies, and recommended procedures in various industries evolve over
time. The IEEE standards development process allows participants to review developments in industries,
technologies, and practices, and to determine what, if any, updates should be made to the IEEE standard.
During this evolution, the technologies and recommendations in IEEE standards may be implemented in
ways not foreseen during the standard’s development. 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, data privacy, and
interference protection practices and all applicable laws and regulations.

3 Available at: https://ieeexplore.ieee.org/browse/standards/collection/ieee.
4 Available at: https:/standards.ieee.org/standard/index.html.

5 Available at: https://standards.ieee.org/about/sasb/patcom/materials.html.
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Connected Autonomous Vehicle - Architecture
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WARNING

Use of the technologies described in this Technical Specification may infringe patents, copyrights
or intellectual property rights of MPAI Members or non-members.

MPALI and its Members accept no responsibility whatsoever for damages or liability, direct or
consequential, which may result from the use of this Technical Specification.

Readers are invited to review Annex 3 - Notices and Disclaimers.
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Technical Specification
Connected Autonomous Vehicle (MPAI-CAYV)
- Architecture V1
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3 Portable Avatar FOIMAt ..........coooiiiiiiiiiiiiiccie ettt e e e e e 30
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1 Introduction (Informative)

Since the first Motorwagen saw the light in 1886, many inventions have given automobiles the
ability to be more responsive to human needs and to facilitate their use. A short list includes electric
ignition starter, car radio, car key, power steering, cruise control, electric windows, intermittent
windshield wipers, anti-lock braking system (ABS), digital dashboard displays, electromagnetic
parking sensors, on-board diagnostics, mobile connection, satellite navigation, reversing camera,
automatic parking, driver assistance features, etc.

Starting from the first 1939 experiments, many efforts have given automobiles some “self-driving”
capabilities. Recently, the Society of Automotive Engineers (SAE) in the USA has developed a
Level-based classification of cars that have “self-driving” capabilities [14]. Today, self-driving
cars are not only technically possible, but several implementations also exist. They promise to
bring benefits that will positively affect industry, society, and the environment, such as:

1. Replacing human error with a machine less prone to errors.

Giving humans more time for rewarding activities, such as interpersonal communication.
Optimising the use of vehicles and infrastructure.

Reducing congestion and pollution.

Supporting elderly and disabled people.

SNk WD

Therefore, the transformation of what can be called today’s “niche market” into tomorrow’s vi-
brant mass market is a goal of high industrial importance with positive impacts on society and
individuals. The goal could be achieved by relying on market forces and waiting for users to de-
mand cars with progressively higher SAE Levels. Moving Picture, Audio, and Data Coding by
Artificial Intelligence (MPAI), the international unaffiliated, non-profit organisation developing
Al-enabled data coding standards, believes that a component-based standardisation process is
more effective.

The approach should be implemented in three standardisation steps:

1. A Reference Model specifying functions and interfaces of subsystems and components.
2. Functional Requirements of Data Types exchanged between components.

3. Technologies supporting the processing of Data Types.

This approach offers various advantages:

1. Research can:

1.1. Concentrate on different individual components.

1.2. Optimise components while keeping unchanged the Functional Requirements of interfaces.
2. Industry can promote the definition of Data Formats when:

3
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2.1. Research results are mature.

2.2. A component is needed.

3. Component manufacturers can:

3.1. Develop optimised component solutions based on publicly available specifications.
3.2. Bring their standard-confirming components to market.

4. Car manufacturers can:

4.1. Access an open global market of components.

4.2. Benefit from components with standard functions and interfaces.
4.3. Test components for conformance using standard procedures.

5. Regulators can use tools to oversee the development of the market.
6. Users can rely on CAVs whose operation they can explain.

In this Introduction and in the following Chapters, the following conventions apply:

1. Terms beginning with a capital letter are defined in Table 1 if they are specific to this Technical
Specification and in Table 17 if they are shared with other MPAI Technical Specifications.

2. Words beginning with a capital letter that have an equivalent word beginning with a small
letter represent the “digital twin” of that word.

3. Chapters and the Annexes are Normative unless they are labelled as Informative.

2 Scope

Technical Specification: Connected Autonomous Vehicle (MPAI-CAV) — Architecture (in the fol-
lowing also called MPAI-CAV — Architecture) specifies the Architecture of a Connected Auton-
omous Vehicle (CAV) based on a Reference Model comprising:

1. A CAV broken down into Subsystems for each of which the following is specified:

1.1. Functions

1.2. Input/output Data

1.3. Topology of Components

2. Each Subsystem broken down into Components of which the following is specified:

2.1. Functions

2.2. Input/output Data.

Each Subsystem is assumed to be implemented as an Al Workflow (AIW) made of Components
implemented as AI Modules (AIM) executed in an Al Framework (AIF) as specified by the Al
Framework (MPAI-AIF) Technical Specification [4]. In the following, Systems will be Annex 1
- Chapter 2 provides a high-level introduction to MPAI-AIF.

The structure of MPAI-CAV — Architecture is the following:

- Chapter 3 collects Normative definitions applicable to this Technical Specification.

- Chapter 4 collects Normative and some Informative references.

- Chapter 5 Normatively specifies the Subsystem-level Architecture.

- Chapters 0-7-0-9 Normatively specify the individual Subsystem Architectures.

- Chapter 10 includes Informative elements of the so-called Communication Device enabling
CAYV Subsystems to communicate with their peers in other CAVs.

Users of this Technical Specification should note that:

1. The input/output Data of Subsystems and Components have known semantics i0 maximise
CAYV Explainability.

2. No support of specified CAV Subsystems and Components is mandated.

4

© Copyright MPAI 2021-2023. All rights reserved Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 07,2026 at 01:49:19 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 3307-2024


http://www.avadocuments.com/doc/ieee-3307-2024
http://www.avadocuments.com/doc/ieee-3307-2024

3. Only the software Interfaces with the mechanical components of a CAV are specified, but not
the mechanical components activated by the Interfaces.

4. An implementation may merge a set of Components into one provided the external interfaces

are preserved. Merged Components, however, may have reduced Explainability.

No assumption is made on the location carrying out the processing required by the CAV.

6. Processing, collection, and storage of information should be performed according to the laws
applicable to the location.

e

This Technical Report has been developed by the Connected Autonomous Vehicle group of the
Requirements Standing Committee. MPAI plans on specifying the Functional Requirements of the
Formats of the I/O Data to/from Subsystems (AIW) and AIMs and other aspects in future Tech-
nical Specifications.

3 Terms and definitions
Table 1 and Table 17 define the CAV-specific Terms and the general MPAI Terms, respectively.

Table 1 - Terms and Definitions

Note A dash “-” preceding a Term in this Table means the following:

1. If the font is normal, the Term in the table without a dash and preceding the one with a dash
should be placed before that Term. The notation is used to concentrate in one place all the
Terms that are composed of, e.g., the word Audio followed by one of the words Object, Scene,
and Scene Descriptors.

2. If the font is italic, the Term in the table without a dash and preceding the one with a dash
should be placed after that Term. The notation is used to concentrate in one place all the Terms
that are composed of, e.g., the word Attitude preceded by one of the words Social or Spatial.

Term Definition
Accelerometer A Data Type representing the acceleration forces acting on a CAV.
Data
Alert A Data Type representing environment-related elements that should be

treated with priority by the Obstacle Avoider AIM.
AMS-MAS Com- | A Data Type representing the command issued by the Autonomous Mo-

mand tion Subsystem instructing the Motion Actuation Subsystem to change the
Ego CAV’s Spatial Attitude SA4 at time ta to Spatial Attitude SAg at time
tB.

AMS-HCI Re- A Data Type representing the response of the Motion Actuation Subsys-

sponse tem during and after the execution of an HCI-AMS Command.

Attitude

- Social A Data Type representing an element of the internal status of a human or

avatar related to the way they intend to position themselves vis-a-vis the
context, e.g., “Confrontational”, “Respectful”.

- Spatial A Data Type representing the CAV’s Position, Orientations and their ve-
locities and accelerations at a given time.

Audio A Data Type representing analogue signals generated by information per-
ceptible by a human using the sense of sound.

- Data A Data Type representing the output of a microphone array capturing

the target environment to create the Audio Scene Description used to
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incorporate Environment Audio information in the Basic and Full Envi-
ronment Representation.

- Object A Data Type representing an audio object and associated metadata.

- Scene A Data Type representing an audio scene.

- Scene De- A Data Type representing the Audio Data and produced by the Audio
scriptors Scene Description AIM using previous Basic Environment Representa-

tions.

Audio-Visual

A Data Type representing analogue signals generated by information per-
ceptible by a human using the sense of sound and sight.

- Object A Data Type representing Audio-Visual information and associated
metadata.

- Scene (AV Scene) A Data Type representing an audio-visual scene.

- Scene De- A Data Type representing the outdoor and indoor Audio-Visual Scene in

scriptors terms of Audio-Visual Objects that includes the following features:
1. Having a common time-base.
2. Associating co-located audio and visual objects if both are present.
3. Supporting the physical displacement and interrelation (e.g., occlu-
sion) of Audio and Visual Objects over time.

Avatar A Data Type representing a real or fictitious person in a virtual space ren-
dered to a physical space.

- Model A Data Type representing the model of a human that a User selects to

impersonate the CAV’s HCI as rendered by the Personal Status Display
AIM.

Basic Environment

A Data Type representing Environment using information provided by a

Representation variety of sensors and including:

(BER) 1. The Audio-Visual Scene Geometry.
2. The Ego CAV’s Spatial Attitude.
3. The Scene Description produced from the available Environment

Sensing Technologies.

4. The Road Topology.
5. Other Environment Data.

Body Descriptors A Data Type representing the motion and conveying information on the
Personal Status of the body of a human or an avatar.

Brake

- Command A Data Type representing the command issued to the Brakes by the Mo-
tion Actuation Subsystem after interpreting an AMS-MAS Command.

- Response A Data Type representing the Brakes’ response to the AMS Command
Interpreter in response to a Brake Command.

CAV See Connected Autonomous Vehicle.

- Aware An attribute of physical entities possessing some of the sensing and com-
munication capabilities of a CAV without being a CAV, e.g., Roadside
Units and Traffic Lights.

- Centre The point in the Ego CAV selected to have coordinates (0,0,0).

- Fgo The Object in the Environment that the CAV recognises as itself.

- Identifier A Data Type uniquely identifying a CAV and carrying information, such

as:
1. Country code where the CAV has been registered.
2. Registration number in that country.

3. CAV manufacturer identifier.
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4. CAYV model identifier.

Cognitive State

A Data Type representing the internal status of a human or avatar reflect-
ing their understanding of the context, such as “Confused” or “Dubious”
or “Convinced”.

Connected Autono-
mous Vehicle

(CAV) The information technology-related components of a vehicle ena-

bling it to autonomously reach a Pose by:

1. Understanding human utterances in the Subsystem (HCI).

2. Planning a Route (AMS).

3. Sensing and building a Representations of the external Environment
(ESS).

4. Exchanging such Representations and other Data with other CAVs
and CAV-aware entities (AMS).

5. Making decisions about how to execute the Route (AMS).

6. Acting on the MAS (AMNS).

Data Information in digital form.

- Format The standard digital representation of Data.

- Semantics The meaning of Data.

- Shape A Data Type representing the volume occupied by a CAV.

- Type An instance of Data with a specific Data Format.

Decision Horizon | The time interval within which a decision is planned to be implemented.

Descriptor Coded representation of a text, audio, speech, or visual feature.

Digital Representa- | Data corresponding to and representing a physical entity.

tion

Emotion A Data Type representing the internal status of a human or avatar result-
ing from their interaction with the context or subsets of it, such as “An-
gry”, and “Sad”.

Environment The Digital Representation of the portion of the external world of current
interest to a CAV.

- Representation | A Data Type representing the Environment such as produced by an Envi-
ronment Sensing Technology or derived from the Basic or Full Environ-
ment Representation.

- Sensing Tech- | (EST) One of the technologies used to sense the environment by the En-

nology vironment Sensing Subsystem, e.g., RADAR, Lidar, Visual, Ultrasound,
and Audio. The Offline Map is considered as an EST.

Face The portion of a 2D or 3D Digital Representation corresponding to the
face of a human.

- Descriptors A Data Type representing the motion and conveying information on the
Personal Status of the face of a human or an avatar.

- ID The Identifier of a human belonging to a group of humans inferred from
analysing the face of the human.

Factor One of Cognitive State, Emotion, and Social Attitude

Full Environment | (FER) A Data Type representing the Environment that extends the Basic

Representation Environment Representations of the Ego CAV with elements of those of
other CAVs in range or Roadside Units.

- Audio The ready-to-render Audio component of the Full Environment Repre-
sentation Viewer.

- Commands A Data Type representing the commands issued by a CAV passenger to

the HCI to enable navigation in the Full Environment Representation,
e.g., select a Point of View, zoom in/out, control sound level.

7
© Copyright MPAI 2021-2023. All rights reserved

Authorized licensed use limited to: Tsinghua University. Downloaded on March 07,2026 at 01:49:19 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 3307-2024

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/ieee-3307-2024
http://www.avadocuments.com/doc/ieee-3307-2024

