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Foreword

This Technical Report (TR) has been produced by ETSI Technical Committee Intelligent Transport Systems (ITS).

Modal verbs terminology

In the present document “should", "should not", "may", "need not", "will", "will not", "can" and "cannot" areto be
interpreted as described in clause 3.2 of the ET S| Drafting Rules (Verbal forms for the expression of provisions).

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.

Executive summary

The present document provides an overview of the Manoeuvre Coordination Service (MCS) (clause 4) which enables
collective actions to be coordinated between a group of cooperative partners.

A set of main concepts studied for the support of collective actions with associated examples of ITS applications and
use cases are provided in clause 5.

Identified impacts on CAM and functiona requirements, Functional Safety and Security requirements, as well as
minimum performance requirements are provided in clause 6.

Annex A provides examples of Manoeuvre Coordination Messages (MCMs) which were tested in several National and
European research projects. An attempt is achieved to derive a common message structure, syntax and semantic.

Annex B provides an example of an applications pipeline using the Manoeuvre Coordination Service based on the
results of acollision risk analysis taking profit of Artificial Intelligence.
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Introduction

The present document intends to provide some baselines for the standardization of the Manoeuvre Coordination Service
(MCS) which will support different applications related to the CCAM (Connected Cooperative Automated Mobility)
situation.

The main concepts which are proposed cover the CDA (Cooperative Driving Automation) services"Intent Sharing",
"Agreement seeking "and "prescriptive" (see SAE J3216 [i.1]).

An agreement seeking CDA service may take several forms according to the local situation of cooperative partners and
their intents.

A prescriptive CDA service requires a special permission which needs to be provided by arelevant authority to the ITS-
Susing it. In this case, the intent isindeed a mission which is executed by an authorized stakeholder (police
intervention, emergency rescue, road maintenance operation (for example during winter), urgent transport of critical
goods and materials, etc.).

When manoeuvre coordination has been agreed between subject and target vehicles, these manoeuvres can be seenin
CAMs which are disseminated by these vehicles. Consequently, CAMs can be considered as implicit acknowledgement
messages of the MCMs.

ETSI



7 ETSI TR 103 578 V2.1.1 (2024-04)

1 Scope

The present document gives an overview of the Manoeuvre Coordination Service (MCS), describes the class of
cooperation, and introduces relevant use cases. Potential requirements (functional, functional safety, security, and
performance requirements) are also introduced as well as for the MCM format.

2 References

2.1 Normative references

Normative references are not applicable in the present document.

2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] SAE J3216: "Taxonomy and definition for terms related to Cooperative Driving Automation
(CDA) for on-road motor vehicles".
[i.2] https.//www.pacv2x.fr/.
[i.3] Imagine: "Virtual Final Presentation".
[i.4] ETSI TR 103 299: "Intelligent Transport System (ITS); Cooperative Adaptive Cruise Control
(CACC); Pre-standardization study".
[i.5] SAE J3186: "Application Protocol and Requirements for Maneuver Sharing and Coordinating”.
[i.6] ISO 26262: "Road vehicles -- Functional safety -- Part 1: Vocabulary".
[i.7] IEC 61508 (all parts): "Functional safety of electrical/electronic/programmable electronic safety-
related systems”.
3 Definition of terms, symbols and abbreviations
3.1 Terms

For the purposes of the present document, the following terms apply:
alternativetrajectory: trajectory proposed by a manoauvre coordination partner as an alternative possibility

Connected Cooperative Automated Vehicle (CCAV): vehicle which has connectivity capabilitiesincluding V2X
communication

NOTE: Inthe present document "V 2X" refersto 3GPP cellular V2X (PC5), DSRC ITS G5 or other standard
DSRC technologies meeting | TS application requirements (e.g. performance requirement).

manoeuvr e advice: list of manoeuvres which need to be executed by receiving relevant vehicles (subject and target
vehicles) to obtain a specific result/outcome

ETSI
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MCStriggering vehicle: release 2 cooperative vehicle (most often probably the subject vehicle) which initiates an
MCS either with arequest or an offer

NOTE: When an MCS triggering vehicle issues arequest, if thisone is accepted, this MCS triggering vehicle
becomes a subject vehicle. When an MCS triggering vehicle issues an offer, if this one is accepted, this
MCS triggering vehicle becomes a target vehicle.

referencetrajectory: trgjectory being currently driven by the vehicle

release 2 cooper ative vehicle: connected cooperative automated vehicle which is equipped with arelease 2 conforming
set of services which is necessary to contribute to manoeuvre coordination actions

relevant vehicle: cooperative vehicle which can be impacted by the manoeuvre coordination service because of its
proximity to other vehicles actively participating in manoeuvre coordination

NOTE 1: A relevant cooperative vehicle may a so provide relevant data from its CAMs, CPM s disseminations to
active manoeuvre coordination participants. Then, it could affect initiated manoeuvre by aiding or
blocking it.

NOTE 2: In SAE J3186 [i.5], "Relevant Vehicle" termis equivalent to "Affected Vehicle".
requested trajectory: tragjectory requested to be achieved from a manceuvre coordination partner

subject vehicle: cooperative vehicle, which needs a manoeuvre coordination, to satisfy itsintent or to respond to
received messages

NOTE 1: Several subject vehicles may be synchronized to execute a manoeuvre.
NOTE 2: In SAE J3186 [i.5], "Host Vehicle" termis equivalent to " Subject Vehicle".

Target Road Resour ce (TRR): type and description of the road resource which is intended to be occupied by the
Executant

target vehicle: cooperative vehicle which actively participates in the accommodation of one accepted subject vehicle
manoeuvre

NOTE: In SAE J3186 [i.5], "Remote Vehicle" termisequivalent to "Target Vehicle".

trajectory: planned path with dynamic information (e.g. heading, time, speed, speed variation, etc.) between an origin
waypoint and a destination waypoint

NOTE: Clearly indicating a predicted path that can be identified as such by other cooperative ITS-S.

unconnected vehicle: vehicle which has not the required connectivity capabilities necessary to support the Manoeuvre
Coordination Service

NOTE: SAE J3186 definition [i.5]: Vehicle which is not capable of V2X communication.

3.2 Symbols

Void.

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

ABS Anti-lock Braking System

ACC Adaptive Cruise Control

ADAS Advanced Driving Assistance Systems
AEBS Automated Emergency Brake System
ALK Active Lane Keeping

AVP Automated Valet Parking

C-ACC Cooperative Adaptive Cruise Control
CAS Cooperative Awareness Service

ETSI
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CCAM Connected Cooperative Automated Mobility
CCAV Connected Cooperative Automated Vehicle
CDA Cooperative Driving Automation
CPS Collective Perception Service
ESP Electronic Stability Program
FSR Functional Safety/Security Requirement
ISA International Society of Automation
ITS Intelligent Transport System
ITSS ITS Station
MCM Manoeuvre Coordination Message
MCS Manoeuvre Coordination Service
ODD Operational Design Domain
PDU Protocol Data Unit
RSE Roadside Equipment
SAE Society of Automotive Engineers
SSP Service Special Permission
SV Subject Vehicle
TG Target vehicle"G", "G1"...
TR Technical Report
TRR Traget Road Resource
TTC Time To Collision
TV Target Vehicle
VBS Vulnerable Basic Service
VRU Vulnerable Road User
4 General description of the manoeuvre coordination
service

4.1 Objectives

The objective of the Manoeuvre Coordination Service (MCS) isto exchange information and devel op cooperation
between ITS-Sin proximity or remotely for the support of the driving automation functions of Connected Cooperative
Automated Vehicles (CCAV). Therefore, this service isin support of I TS applications that in turn contribute to
automated driving functions.

4.2 Classes of services

42.1 Introduction

Several cooperative driving automation services can be identified. SAE J3216 [i.1] distinguishes the four following
classes of cooperation to increase cooperation among vehicles:

. Status-Sharing.

. I ntent-Sharing.

. Agreement-Seeking.
. Prescriptive.

The clauses below provide more information on the 4 above mentioned classes.

ETSI
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4.2.2 Status-Sharing

Status-sharing corresponds to the communication of datarelatively to a present situation under the form of information
about an abject in its current state or about the result of an event which changed an object state. For example:

. CAM s provide the status of vehicular objects. Thisisan "Evidence" data set reflecting the current state
(present) of the considered vehicular object.

. DENMSs provide event notifications indicating a rapid modification of avehicle object or aroad infrastructure
state.

EXAMPLE: A closed lane consecutively to a stationary vehicle, road work or accident.
e  VAMsare providing the status of Vulnerable Road Users (VRUS).
. CPMs are providing the status of perceived unconnected objects (i.e. vehicles, VRUS, etc.).

It is however considered that status sharing (day 1 functionality) will still be necessary as the layer of information to
provide the basic data for I TS application with intent of manoeuvre coordination functionality based on MCS.

4.2.3 Intent-Sharing

Intent-sharing corresponds to the communication of an intent which may impact the manoeuvring of other mobile
objects.

A road user of any category, be it automated, human-driven or a vulnerable road user, manoeuvres according to an
intent. In most circumstances, thisintent is guided by a set of rules, mostly prescribed in the form of traffic rules. When
adriver navigates to the right-turning lane, it isonly in specia circumstances that the driver will not follow the path
prescribed by that lane. Additionally, specific tools like turn signals and hand signals are used to indicate an intent in
the short term by the indicating road user.

Three types of behaviours could be taking place when considering intent in its current form if present:

. The road user does not indicate any thing, therefore pursuing its current intent. This could be continuing
straight on the road.

e  Theroad user indicates a manoeuvre requiring a change, such as switching lanes, turning, crossing the road.
Thisis commonly indicated with intent signals (a pedestrian looking at driver before crossing, turn signals).

e A mistakein setting, (or forgetting) the right intent signal occurred (learner driver, sudden intent changes, or
adjustments to road status: avoiding potholesin the lane, lane change without signalling).

Intent sharing is therefore an inherent behaviour road user aready utilize. To enable this capability in the long term for
CCAVs, the communication of thisintent to other road usersviaan I TS service would enable a wider range of
manoeuvre coordination that it is currently possible. By comparison, VBS uses a dedicated container to convey
manoeuvre information. This should also be considered here.

The planned manoeuvre can be simply indicated using for example the turning signals of avehicle or could be more
precisely indicated by communicating the planned trajectory of the vehicle and transmitting it in aV2X message.

4.2.4  Agreement-seeking

Agreement-seeking results in manoeuvre which is achieved by a set of cooperative objects (at least two) in a
coordinated manner. By seeking and agreeing to coordinate their actions, at least one of them can reach an identified
objective.

In the present document, agreement-seeking takes place through the sharing of information, seeking a cooperation
agreement. Such agreement needs to be sought and accepted by the cooperative parties. Three different situations can be
considered and initiated by cooperative objects. When cooperative objects can receive and communicate intent,
agreement-seeking constitutes the next constructive step.

ETSI
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Agreement-seeking results through the sharing of information and the seeking of a cooperation agreement. Such
agreement needs to be sought and accepted by cooperative parties. These different situations can be considered and
initiated by cooperative objects:

A) V2V cooperation agreement seeking
In this class of service, aMCS triggering can be initiated via the two following triggering conditions:

e A subject vehicle which is seeking a cooperation with one or several target vehicles for the coordination of one
or multiple manoeuvres. Thisis achieved by the subject vehicle via the dissemination of an intent and
cooperation request which may involve several sequential exchanges for the accomplishment of the subject
vehicle projected manoeuvre.

. One target vehicle which offersits support to one or several subject vehicles for the coordination of their
manoeuvres. Thisis achieved viathe dissemination of an intent and a cooperative offer which may involve
several sequential exchanges for the accomplishment of subject(s) vehicles(s) projected manoeuvres with the
eventual support of other target vehicles.

B) 12V Manoeuvres coordination with roadside infrastructure

In this case, the MCS triggering initiative is taken by a roadside station which has generally a better perception of the
local situation due to added precise data sources, such as information from road operators or sensors such as cameras.

The Roadside Station (RSU) identifies maoeuvres target vehicles and suggests them to coordinate their manoeuvres for
various mobility purposes which would be identified. Thisis an offer which is broadcasted viaMCMs when the MCS is
triggered by the RSU.

The objective of this coordination suggestion needs to be provided to relevant vehicles (subject(s) and target(s)) to be
able for them to take a decision to accept it or not.

Theintention of relevant vehiclesto execute or not the suggested manoeuvre coordination could be given in response

by vehicles by for example, supplying their path predictions (or targeted trajectories) which can be reflecting or not

their intent (evolution or not of the vehicle reference trajectory provided by CAM) or by an explicit response. However,
the suggested manoeuvre coordination needs to be accepted by al relevant subject(s) and target(s) vehicles for starting a
collective action. If thisis not the case, the initiating vehicle may propose another strategy.

A typical exampleisthe guiding of cooperative vehicles at atolling station level for them to access the best gate
according to specific vehicles features and rights and considering the current waiting queues at gates' level.

C) C2V Manoeuvres coordination with a central system

A central system may seek agreements with cooperative objects for various purposes such as road safety, traffic
management improvement, mobility applications (e.g. Automated Valet Parking (AVP)).

In such case, the central system proposes manoeuvre coordination actions to a selected set of subject vehicles which
keep the possibility to accept or refuse the centre proposals.

Additionally, it is critical to consider that there can be different levels of agreement reached which is demonstrated in
the following:

. Reception and Acknowledgement/Non-Acknowledgement (ACK/NACK). In this instance the agreement-
seeking object (regardless of ITS-Stype) communicates intent and manoeuvre and seeks a confirmation or
rejection of the proposed manoeuvre.

. Reception and indirect Acknowledgement/Non-Acknowledgement (ACK/NACK). Here the functionality is
identical from above, except, the vehicles communicate their decisions by adapting their broadcasted data of
other services than MCS, such as path prediction (or reference trajectory) adaptation in the CAM.

. Reception and negotiation phase with consecutive Acknowledgement/Non-Acknowledgement (ACK/NACK)
with only one other road user. In thisinstance the cooperating vehicleis given the option by the agreement-
seeking party to choose or counter proposed alternatives.
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. Reception and negotiation phase with consecutive Acknowledgement/Non-Acknowledgement (ACK/NACK)
with more than one other road user. The added complexity requires multiple rounds of choice and counter
proposals between involved objects. This option can potentially lead to the most effective trgjectory choice for
al involved participants.

Since all of these different options constitute agreement-seeking, it isimportant to differentiate between them for an
implementation and to set aframe for their appropriate level of use. Potentially, the degree of agreement-seeking cannot
be decoupled from the use case, the amount of involved road users or the topology, and road use limitation.

4.2.5 Prescriptive

The prescriptive concept is an attempt to extend the manoeuvre coordination service to critical situations which cannot
be covered by previously considered concepts.

The main principle remains the same with three important phases:

o Intent sharing phase, but in this concept, the intent is considering mainly fully automated vehicles without a
driver in them which can be viewed as being in acritical situation relatively to road users' safety (dangerous
driving), to vehicle owner asset protection (e.g. recovery of stolen vehicles), to respect of local or European
regulations (e.g. drug or dangerous goods transportation), to terrorist attacks, creating a corridor for emergency
intervention or road capacity recovery, etc.

o Prescriptive acceptation phase, which provides more precise information on the origin of this concept use to
convince the manoeuvre coordination application of receiving vehicles to accept the provided
recommendations.

e  Collective action, consisting of executing decided manoeuvre coordination after a complete acceptation of
required vehicles partners.

However, The MCSis only providing information to receiving vehicles. Thisinformation is deeply checked by the
facilities layer of the receiving vehicles before being communicated to the local manoeuvre coordination application of
the vehicleif judged correct and relevant.

NOTE: Thistype of serviceisaready covered by standards for example for vertical signs such as traffic light
(status RED) and speed limits which can be considered as " prescriptive messages' leading vehiclesto
stop at ared-light phase or limit their speed according to the indicated speed limit.

Two main issues need to be considered:

e  What will be the roles and responsibilities of OEMs once fully automated vehicles are sold, during all their life
cycle (which stakeholders will have to ensure a safe and proper use of these vehicles?). And then, what will be
the National and European regulations which will be developed to cover the critical situationsidentified here
above?

e  What will be the necessary extensions of security means to make sure that fully automated vehicles be
efficiently protected against cyberattacks (collect WG5 viewpoint) and physical vehicles modifications (likely
remaining the responsibility of OEMs vehicles functional safety).

4.3 Requirements and Considerations

4.3.1 Introduction
Clause 4.2 focused on the manoeuvre coordination service which can be decomposed into three distinguishable phases:

. The intent sharing phase which initiates the manoeuvres coordination service providing data elements
explaining an ITS-Sintent (goal) and associated reference trajectory evolution need of one or several subject
vehicles.

. The agreement-seeking phase which objective is to obtain the complete agreement of local cooperative
vehicles which need to beinvolved in a collective action to successfully achieve the initial goa being
proposed.

ETSI



13 ETSI TR 103 578 V2.1.1 (2024-04)

e  Theachievement of the collective action which results of the obtained agreement. However, if this collective
action is not completed, local traffic evolutions may impact it leading to some form of collective
reconfiguration of the action.

Manoeuvre coordination is based on the prediction capabilities of involved I TS and real-time interactions existing
between the functions which are active in the I TS architecture.

4.3.2 Manoeuvre Prediction

A critical precondition for planning safe manoeuvre in road traffic is a precise and correct manoeuvre prediction of road
users. These predictions are based on the observation of the road users. Currently, the manoeuvre of road users also
depends on unobservable parameters, such as their selected routes, the objects physical capahilities, or individual
comfort, and behaviours parameters. Therefore, predictions of other objects by an ego vehicle are uncertain since this
information is missing. To address this uncertainty, road users act more cautiously to increase safety, that also means
that they drive slower, wait longer until they found larger gapsto mergein and so on, thereby reducing the overall road
traffic efficiency.

Consequently, the prediction improvement is one requirement which needs to be considered for the achievement of
manoeuvre coordination. The prediction improvement can be achieved vialocal context and objects (static and mobiles)
perception and the sharing of this perception for example using the CPS.

By adding further data sources such as CAS, VBS and CPS, the pool of available information to the ego vehicleis
increased. However, even with these services, the exact planned manoeuvre by all road users can never be determined
by the ego vehicle to a high degree of certainty. Thisiswhere the explicit communication of aroad user intent of any
sort to another over a dedicated service like MCS can cover the information gap and provide the receiving vehicle with
tools to better estimate other road users behaviours.

Navigation systems generally plan the itinerary that a mobile object follows to reach an identified destination from a
known origin and this, accordingly to criteria provided by the services user. Thisitinerary can then be decomposed into
aset of relevant trajectories which can be used for the abject mobility prediction. The prediction uncertainty level
depends on the type of mobile object which is considered:

e A vehicle moving in an automated mode respects the navigation plan, excepted in exceptional situations
disturbed by an unexpected event (for example, an accident).

e A vehicle moving in a human driven mode may not respect the proposed navigation plan accordingly to
human decisions or driving errors. Thisis added to unexpected exceptional situations.

e A vulnerable road user may not respect a proposed navigation plan which is more difficult to provide due to
less topographic constraints, the low inertia of VRUs and random behaviours related to VRUs risk level
profiles.

However, one critical limitation is the capability of aroad user to accurately determine its own trajectory. Only when

the ego estimation is highly accurate can the road user receiving the information do effective estimation. The position
accuracy can already prove to be alimitation if the received manoeuvre information is placing the sender vehicle on a
different lane than where it plans the manoeuvre.

More information is provided in annex A.

4.3.3 ITS Architecture Requirements

Four functional categories can beidentified in an Intelligent Transport System, as shown in Figure 1.
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Figure 1: Four functional categories of an ITS

Main applications (e.g. navigation, traffic management, safety, etc.) are supported by functions which are present in the
four ITS categories which are represented in Figure 1.

The navigation and collision avoidance functions are key applications of automated vehicles which have to move
dynamically on existing road infrastructures according to planned itineraries and this without colliding with other
human driven, automated vehicles, and Vulnerable Road Users. The collision risk analysis function is constantly
assessing the level of collision risk with the objective to anticipate a collision enabling a crash avoidance function to act
on timeto avoid it.

The collision risk analysis works on a considerable mass of datawhich islocaly collected by road users and the road
infrastructure viatheir local perception function (autonomous or direct perception) and then processed by specialized
ADAS. Perception which is enabled via the use of sensors (video camera, thermal camera, radars, lidars, etc.), needsto
be augmented by the collective perception which provides a necessary redundancy when the autonomous perception
capabilities are reduced by local contextual factors (e.g. bad weather conditions, traffic density, horizontal marking,
vertical signing defects, sensors' limits, etc.).

Central systemslocated in the cloud or at the edge of the cloud do not benefit from a direct perception of local
environments they may have to supervise (e.g. they do not have sensors present in these environments). Consequently,
they have to rely on a massive transfer of data provided by local static (roadside equipment) and dynamic (road users
(vehicles and VRUS)) objects which are present in environments supervised by central systems. Such situation leads to
the specification of potential functional and operational (e.g. minimum performance) requirements which are identified
in clause 6 of the present document.

The connectivity enables interactions between these 4 functional categories. Two types of connectivity are then
available:

. Short range connectivity supported by standard technologies such as ITS G5 and PC5.

o Long range connectivity supported by standard cellular networks and fibre local area networks (for example
private road operators networks).

The Manoeuvre coordination service is agnostic to the used technology provided that applications' minimum
performance and security requirements are fulfilled.
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4.3.4  Traffic flow heterogeneity

For along time, in-service vehicles will exhibit various capabilitiesin terms of connectivity and automated levels, from
low automation which are currently only using ABS or ESP to most elaborated ones of SAE automated level 4 or 5
including automated terrestrial or flying taxis for example which are commercially announced for 2024. Thiswill be a
problem for CCAV s which may not cooperate with basic unconnected vehicles not equipped with high level of
automated capabilities. Consequently, the vehicles' computation of all use cases needs to consider such traffic flow
heterogeneity and then combine their local (autonomous) perception capabilities with received remote perceptions and
willingness to cooperate (perception/action fusion). This adds alevel of complexity in the implementation of
cooperative manoeuvre use cases in general, as each manoeuvre needs to be capable of handling these different levels of
technology fitting.

The Manoeuvre Coordination Service needs that all vehicles cooperating in manoeuvre coordination get an overall
perception of the traffic situation around them. The Collective Perception Service (CPS) can be used to increase the
perception of non-cooperative vehicles by cooperative vehicles sharing their own perception.

Furthermore, more minute differences can also impact the interconnectivity of such vehicles. Depending on protocol
versions, antenna placement, and use case implementation, vehicles will differ in their capabilities.

This opens the question to how it can be assured that vehicles communicating data such as intent, agreement and
proposals are equipped with the same use case and can execute the use case in the same manner.

This means that the MCS use cases need to be developed considering such traffic flow heterogeneity.

5 Main concepts

5.1 Introduction

The proposed main concepts are classified considering the main classes of cooperative servicesidentified in clause 4.2
and the cooperative interactions which may be existing between functions distributed in the four functional categories
identified in Figure 1.

5.2 Concept Al, V2V cooperation class "agreement seeking"

521 Overview

This concept focuses on Vehicle to Vehicle' cooperation. The information dissemination is then achieved using the
broadcasting communication protocol, asin this phase, the originating vehicle may not already know which Target
Vehicle(s) will be involved in the resulting collective action.

Before starting this agreement seeking phase, it is assumed that the originating vehicle got the local awareness status of
other nearby cooperative vehicles and has aready identified a clear intent needing the start of a collective action using
the MCS.

The V2V agreement seeking (manoeuvre hegotiation phase in SAE J3186 [i.5]) cooperation classisillustrated by three
use cases reflecting generic situations presenting this concept.
5.2.2 Description

The concept is based on broadcasting once own trajectories to other vehicles. In the base definition it uses two different
kinds of trajectories:

a) Referencetrgjectory: The trgjectory the vehicle plansto drive currently.

b) Requested trgjectory: The trajectory the vehicle would like to drive but thisis not possible since its necessary
manoeuvring space is blocked by another vehicle with higher driving precedence.
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The reference trgjectories are used to inform other vehicles about the own plan and the requested trajectories to request
assistance in situations that could not be solved in a suitable way by the vehicle aone.

The concept follows four rules:

1) TheMCSisinitiated by one cooperative vehicle which communicates its intent and associated reference
trajectory.

2) Reference trgjectory needs to be free of conflicts.
3) Detected conflicts need to be solved by following the relevant traffic regulations:

a) A conflict can be resolved by adapting the vehicles own reference trajectory in a suitable way
(e.g. dowing down). Doing thisis mandatory for the vehicle with the lower precedence. The vehicle with
the lower precedence might in addition send a requested trajectory to inform other vehicles about its need
for cooperation. A conflict may also be resolved via negotiation and counter-proposal measures in further
exchanges.

b)  The vehicle with the higher precedence might also adapt its own reference trgjectory if it findsit
acceptable.

4) Persisting conflicts indicate differences in understanding of the situation and need to be resolved with a
fallback.

Thisrule needs to be followed by all vehicles, regardliess of their precedence. The fallback is typically slowing
down.

A conflict means that the vehicles following their trajectories get too near to each other or even collide. Too near could
mean a TTC of e.g. 0,5 seconds. It depends on personal safety definitions.

Persisting conflicts could occur if vehicles have a different understanding of safety distances. E.g. in highway-entering
situations the entering vehicle finds TTC below 1 second suitable, but the vehicle already on the highway prefers values
above 1 second. In this case, rule 3 might not get active from the lower precedence vehicle's perspective. Nevertheless,
also such situations should be improved by this manoeuvre coordination concept.

Permanently, periodically sending the reference trajectory helps to increase the awareness of own plans to other
vehicles and to find out if a cooperation with other vehiclesis necessary and with whom.

The local traffic regulations, which are valid at the location of the conflict, are used to decide which role a vehicle takes
within a cooperation. The vehicle with the lower precedence will be called Subject Vehicle (SV). The vehicle with the
higher precedence Target Vehicle (TG).

A cooperation typically starts with one SV sending a requested trgjectory (starting the cooperation) additionally to its
reference trajectory. If affected and suitable areceiving vehicle TG considers the requested trajectory in its planning

and adapts its own reference trgjectory to make it possible. The reception of the adapted reference trgjectory isthe
indication for the requesting vehicle SV that its request has been granted by that vehicle TG. In the base concept there is
no explicit granting or declining of requests (see also extensions to base concept). Now, all involved vehicles should
follow their coordinated reference trajectories to realize the manoeuvre as agreed. The vehiclesinform each other about
aberrations by periodically sending MCMs with their reference trajectories (rule 1). Small adaptations are typically
made by following rule 3b. Bigger changes of conditions might make sending a new request trajectory necessary.

Extension to base concept:

The extensions are mainly intended to support finding a partner for cooperation or to find a better solution for the
involved vehicles:

e  All exchanged trajectories are tagged with cooperation costs (see more explanation below) between -1 and 1:
- -1 represents the best possible tragjectory avehicle could achieve with the help from other vehicles.
- 1 corresponds to the highest effort a vehicle could do to fulfil another vehicle's request.

e  Alternative trgjectory: the aternative trgjectory is only provided by a cooperative vehicle to indicate a
cooperation offer to improve another vehicle's manoeuvrer.
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. Explicit granting/decline of requested trajectory or offered alternative trajectory:

- Inform the requesting/offering vehicle explicitly if the cooperation need represented by its
request/offered trajectory is accepted or regjected (ACK/NACK).

In the base concept, the cooperation acceptance isimplicitly expressed by modifying the own reference
trajectory.

e  Vehicleautomation status informs of the current vehicle automation level (which impactsits reaction time and
the accuracy of its planned trajectories, among other things).

Cooper ation costs:

"Cooperation costs' isareward or penalty system trying to put the subjective benefit (negative cost) or inconvenience
(positive cost) a vehicle experience for being involved in a cooperation into numbers. Since they describe subjective
semantics, no mathematical exact or unique or standardized formulais used. Instead, the vehicle-local costs of two
semantic-threshold trajectories are taken and then the vehicle-local costs of the trgjectory whose cost is being eval uated
are put into relation of these two vehicle-local costs. Thisrelation is used to find out the cooperation costs, since the
semantic-threshold trajectories have defined cooperation cost values. Since two different vehicless OEMs have different
formulas for their local costs, the cooperative costs for the same trajectory will not be the same. Nevertheless, the costs
help to find atrend what a cooperation might mean for a certain vehicle. The threshold trgjectories are defined as:

. Best possible trgjectory (cooperative cost value defined as -1). The trgjectory a vehicle should drive, if al the
other equipped vehicles fulfil every wish, regardless of physical possibility. A way to calculate such a
trgjectory isto assume that the other vehicles would virtually not exist and then plan atrgjectory for this
assumed situation.

. Highest effort trajectory (cooperation cost value defined as +1). The trgjectory a vehicle would drive to fulfil
the wish of another vehicle, and which is the maximum it would defer from its own egoist plan. It might be
difficult to find such trgjectory. Therefore, an easier way that could be used would be to consider the fact that
not the trajectory itself is needed but only its vehicle-local costs for building the relation. One way to get the
vehicle-local costsisto take the vehicle-local costs of the currently driven trajectory and add a constant value
to it or multiply it with a constant factor. This factor/offset could be depending on the situation, i.e. if the
vehicle needs support or isin a stable situation like cruising on a highway.

Actors rolesin a cooperation:

o MCS Initiating vehicle: A subject vehicle may initiate a collective action by providing itsintent and a new
proposed trajectory becoming its new reference one. Another cooperative vehicle may initiate a collective
action by offering its contribution to one or several potential subject vehicles (proposing an alternative
trajectory which would become its reference one if accepted).

. MCS negotiation is achieved by cooperative vehicles (subject vehicle and potential target vehicle(s)) seeking
an agreement to achieve a proposed intent or offer.

. MCS action which is required to achieve the goal such as described in theinitia intent, or which would be
responding to an offer.

. Relevant vehicles stay passive regarding M CS but can collect the exchanges to update the evolution of their
neighbourhood.

. Non communicating traffic participants may disturb a collective action leading the partners to change their
collective action strategy.

During a collective action, all MCS capable vehicles send out their reference and alternative trajectory periodically.

The requesting vehicle (SV) plans, with the knowledge of prior MCM, a collision free trajectory and a better suited
requested trajectory.

The cooperating vehicle (TV) detect the collision risk of its own reference trajectory with the requested trajectory and
decides to be cooperative or not.

NOTE: Thereference trajectories can also be disseminated by CAMs version 2, if the reference trajectory such as
predicted by vehicles are added to the CAM version 2. The use of path prediction is misleading asits
definition can be like the one of "trajectory".
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The requesting vehicle improves its own manoeuvre situation by means of cooperation/coordination with the

cooperating vehicles.

A further goal isto achieve a common awareness of the plans of al vehicles and so to provide means to improve
situations, that are a step ahead of a dedicated manoeuvre coordination procedure.

Needs:

At least two MCS capable vehicles need to establish a cooperation. These vehicles need to be properly positioned in the
traffic flow to contribute efficiently to the manoeuvre coordination of the subject vehicles.

Geogr aphic scope:

Thisisaloca geographic scope delimited by the observation capabilities (autonomous + collective perceptions) of

involved relevant cooperative vehicles.

Pre-conditions:

The subject and target vehicles which are cooperating need to be standard release 2 cooperative vehicles having the
capability to exchange and manage standard messages belonging to release 2.

The subject and target vehicles capabilities (perception, ad-hoc communication, and all other processing functions) need
to be fully operational (satisfying minimum performances requirements).

The subject and target cooperative vehicles need to have the capability to perceive not-cooperative vehicles moving in

their vicinity.

Flow diagram:

An overview of the flow diagram to be associated to V2V cooperation is provided in Figure 2. Thisflow diagram is
relevant for "agreement seeking” and "prescriptive" concepts.
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Figure 2: Flow diagram overview for V2V Manoeuvres' coordination cooperation

5.2.3

Lane change assistance use case

Figure 3 provides an illustration of several lane change assistances when a subject vehicle needs to overtake one or
several other vehicles and then cutting in front of another vehicle when returning in its originating lane.
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Figure 3: Two consecutive lane change assistance when overtaking a file of vehicles

Overtaking phase 1:

Thisfirst phase of overtaking consists for the Subject Vehicle (SV) to negotiate with target vehicle TV 1 and target
vehicle TV 2 their cooperation for changing of lane safely with the goal of overtaking the file of vehicles progressing on
theright lane:

e  The SV caninitiate a cooperation request by including itsintent and proposed new reference trgjectory in the
initial MCM. TV1 and TV2 will receive theinitial MCM from SV and may decide either to accept it (ACK) or
refuse it (NACK).

e  TheTV1, after checking the request for a possible collision with its own reference trgjectory could do the
following:

- Refuse the cooperation (NACK) as judged being too costly for it.

- If accepting (ACK), plan atrajectory with less velocity and send this the other vehicles asits new
reference tragjectory.

- If accepting (ACK), plan alane change to the third lane by initiating itself a cooperation with TV2
providing itsintent and new proposed reference tragjectory.

- Once a solution is agreed between the three vehicles (end of the negotiation phase), the manoeuvre can
be executed with the confirmation of the on-board sensors of SV that the appropriate gap has been
created.

o For the case, that TV 2 wantsto initiate alane change into the middle lane, it needs to initiate a cooperation
providing itsintent and its new reference trajectory. Since both vehicles (TV2 and SV) have the same right to
change into the middle lane, the first one, who sends out his intent and reference trajectory will be the one to
merge into the newly created gap.

Overtaking phase 2:

The second phase of overtaking consists for the Subject Vehicle (SV) to negotiate its safe return in its originating lane
(the right lane). Thisis achieved with the cooperation of Target Vehicle (TV3) which accepts or not (result of the
negotiation) to create a safe insertion gap between itself and the vehicle moving ahead of it.

Asfor the phase 1, the process would be the same.
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NOTE: The negotiation is always present as potential target vehicles may accept (ACK) or refuse NACK) to
cooperate.
5.2.4 Lane merging assistance use case

Figure 4 provides two illustrations of one lane merging assistance: Three lanes merging into two lanes due to road
topology (Use Case C) and three lanes merging into two lanes due to an obstacle (e.g. an accident) in the rightmost lane
(Use Case D).

@:) Non-Cooperative vehicle

m Cooperative vehicle release 2

Time distance limit to obstacle

OBSTACLE:
O Road work
O Accident...

([ (F]) [ (E]] [ (F]] 162 8

Use Case C: Lane merging assist Use Case D: Overtaking a road obstacle

Figure 4. Lane merging assistance use cases

Use Case C:

In Use Case C, the left lane is merging with the lane in the middle. This|eads the subject vehicle trying to safely insert
between the Target Vehicle TG1 and the vehicle ahead of it. The processis the same as the regular lane change as
depicted in the overtaking scenario.

Use Case D:

In Use Case D, theright lane is temporarily closed due to aroad hazard which can be signalled by a DENM. In such
case, a subject vehicle (S) progressing on the right lane needs to change lanes before reaching the time distance limit
forcing it to stop to avoid a collision with the obstacle which is at the origin of the right lane closing.

The presence of arelease 2 cooperative vehicle (TGL) isachance for the subject vehicle to negotiate the creation of a
safe insertion gap before reaching the time distance limit to obstacle. The MCS triggering can be achieved via a request
issued by the subject vehicle (S) or by an offer issued by the target vehicle (TG1).

The cooperation of the TG2 target vehicle is also necessary to avoid that this one disturbs the subject vehicle insertion
by changing of lane at the same time. Due to the difference in normalized trajectory cost for the subject vehicle, the
difference of cost between a collision free trgjectory and the request trajectory would be very high. So TG1 will
explicitly accepts the request trajectory of the subject vehicle but deny arequest of TG2. Therefore, areference
trajectory from the subject vehicle will be placed before TG1 to merge into the gap to be opened.

5.2.5 Intersection/Roundabout crossing assist use case

Figure 5 shows 2 use cases (Use Case A and Use Case B) describing situations which could globally improve the traffic
management efficiency at intersection/roundabout levels.
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Figure 5: Illustration of use cases focusing on considered V2V cooperation

e  VehiclesTG1 and TG2 offer cooperation to vehicle S by providing the surrounding with their reference
trgjectories. They also provide alternative trgjectories to aid vehicles S to calculate a proper request trgjectory.
The request should fit to the alternative trgjectories of both TG1 and TG2, so that the request trgjectory of Sis
acceptable.

e  VehiclesTG1 and TG2 receive the requested trajectory from S and verify with their own manoeuvre planning
algorithms that they can accept the request trgjectory from S.

. The request trgjectory is either accepted or declined implicitly or explicitly (ACK or NACK), so that the
vehicle S either has a collision free request tragjectory, which becomes the new reference trgjectory or hasto
generate a new request trajectory, which either addresses different vehicles or is more suitable for TG1 and/or
TG2.

. The agreed collective action can be achieved by the subject vehicle (S) and target vehicles (TG1 and TG2)
which follow their new agreed reference trajectories and check their correct execution with sensors and
communication like CAMs.

5.2.6 Information flow diagrams

The information flow diagram presented in clause 5.2.2 in Figure 2 is applicable.

Since the offer of TG1 & TG2 until the completion of their collective action, this concept involves a continuous
exchange of reference trgjectory information in MCMs by the cooperative vehicles.

During the collective action including the intent (here the offer), participating vehicles regularly transmit their reference
trajectory and optionally alternative trajectories as offers for othersto aid with their manoeuvre planning. The content of
the reference trajectory can replace the internal prediction of other vehicles movement.

If another vehicle detects a need for cooperation based on the MCM exchange with nearby vehicles, it may send a
request trgjectory alongside its reference tragjectory. These trigger certain mechanisms in the receivers manoeuvre
planning (application part) to evaluate the request trajectory of the other vehicles:

1) Checkif thisrequest collides with the receiver's own reference trgjectory.

2)  If yes, then plan possible trajectories for oneself to fulfil the request.
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3) If thecost islow enough, create a new reference trajectory based on the calculation. Then sends an agreement
(ACK).

4) If the cost istoo high, do not change the reference trajectory and send out a cooperation denial (NACK) with
the trgjectory 1D of the evaluated request trgjectory.

Vehicles can explicitly acknowledge or deny a certain request trajectory, as the transmitted trajectory includes an
identification number. Additionally, an implicit answer is given with their next reference trgjectory (if contained in
CAMs).

These measures help to find a quick solution for the problem at hand, so every target vehicle is aware of the situation.

5.2.7 Situation analysis
Hypothesis:

MCM should indicate the current driving mode of the cooperative vehicle (human driven or self-driving) for the subject
vehicle to be able to assess the probability and accuracy achievement of the shared agreement.

Use Case A:

Thisuse caseis elementary since target vehicles TG1 and TG2 have just to stop to leave the subject vehicle crossing the
road. That are two elementary manoeuvres similar to the ones considered by SAE J3186 [i.5].

Use Case B:

Thisuse caseis aso elementary if the subject vehicle goa isjust to enter the roundabout (the two target vehicles have
also just to stop to give way to the subject vehicle). But if the goal of the subject vehicleisto reach as quickly as
possible the roundabout exit, much more manoeuvre coordination will be necessary. But of course, the achievement of
this second goal is depending on the density of cooperative vehicles being engaged in the roundabout.

So, it will be necessary to clearly scope the limits of a single collective action comprising several manoeuvre
coordination phases which could be sequentially executed.

Post-conditions:
In the best case, the subject vehicle obtains the possibility to achieve its planed manoeuvre.

In aworst case, the cooperative process was stopped due to the reject of the subject vehicle request by one target
vehicle or the disturbance of the insertion process by a non-cooperative vehicle. In this case the traffic regulations

apply.
Infor mation requirements:

The subject vehicle needs to provide its motion prediction for relevant cooperative vehicles (rel ease 2) to identify
themselves as targets. The subject vehicle should also provide some rational for getting the assistance of targeted
vehicles (intent description).

All relevant vehicles (those concerned by the proposed manoeuvres) need to have their perception capabilities fully
operational to analyse the local context and the evolutions of dynamic objects.

Communication mode:

During a collaborative action, the MCM is disseminated to every relevant vehicle. The broadcasting mode enables the
identification of target vehicles when the subject vehicle does not have a sufficient perception of its environment.

Since cooperation partners are initially not known, this information helps other vehicles planning their next step of
driving.
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5.3 Concept A2, V2V cooperation class "Prescriptive"

5.3.1 Overview
This concept focuses on Vehicle to Vehicle' cooperation (including vehicles used by Vulnerable Road Users).
As presented in clause 4.2.5, the prescriptive cooperation class includes, as well the 3 following phases:

. The intent phase which provides information about the intent of the MC initiating vehicle and its requested
reference trgjectory. In this concept, the intent is related to a clear authorized mission granted to a particular
stakeholder.

e  The Agreement Seeking (negotiation) phase with potential other subject and target vehicles.
. The collective action resulting of an agreed cooperation.
The main difference with the agreement seeking cooperation classresides in:

e  Theintent which is considered as of more importance of those provided in "agreement seeking", because they
are provided by authorities which have special privileges (police vehicle, emergency vehicle in arescue
mission, road operator in a winter maintenance mission, public transport, etc.) and act to preserve safety,
health, asset of road users as well as community economy.

. The agreement seeking can be regulated in such away that it could be mandatory to concerned vehicles
(subject and target) to respond positively to an originating request, excepted in some particular situations to be
identified.

NOTE: A VRU (for instance, apolice officer using a motorcycle) may be considered as a vehicle having a service
specific permission to coordinate cooperative vehicles manoeuvre.

5.3.2 Description

This concept is used to instruct subject vehicle(s) and target vehicles to coordinate a requested manoeuvre for satisfying
legal and safety objectives. The prescriptive aspect is granted by the delivery of service specific permissions (SSPs) by
relevant authorities to a vehicle operated by a representative of this authority (e.g. a police officer). In such a case, the
manoeuvre coordination proposed by the authorized actor needs to be executed, excepted for particular situations which
need to be clearly identified.

Actors rolesand responsibilities:

Only relevant cooperative vehicles (having M CS capability) are involved in this collective manoeuvre coordination
service (see the use case illustration below). More than two vehicles can be involved depending on the local situation
and, in such case, vehicles' manoeuvres can be synchronized. The Target Vehicle (TV1) isavehicle owning a Service
Specific Permission (SSP) which has been granted from arelevant local or global authority.

A VRU (for instance, police officer) equipped with arelevant device or riding a motorcycle can be the actor originating
the manoeuvre coordination.

Subject vehicle is the vehicle which isidentified by the Target Vehicles (TV 1) for the execution of a prescribed
manoeuvre,

Other Target Vehicles (TV2, TV3) are relevant cooperative vehicles having the capability to receive and process MCS
and which need to act to facilitate the indicated manoeuvre (requested manoeuvre coordination) of the subject vehicle.

Other Relevant Vehicles (RV) are cooperative vehicles which may provide interesting information about the traffic
situation viatheir CAMs and CPMs.

Non-cooperative vehicles may not cooperate to assist the subject vehicle targeted evolution and may also disturb the
targeted evolution process.

The TV 1 vehicleis fully responsible of the Manoeuvres Coordination which need to be securely achieved. The subject
vehicle and other targeted vehicles are also responsible of their own manoeuvres responding to the TV 1 vehicle
prescription.
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Goal:

The goal isto request one or several cooperative release 2 vehiclesto execute a set of manoeuvres to reach a specific
objective such as:

. Intercepting a stolen or dangerous vehicle (for example, follow me and stop).
. Requesting a vehicle to stop for a police inspection/control (e.g. safe deceleration).

. Managing locally the traffic (e.g. contextual corridor management) for facilitating emergency rescue and road
mai ntenance i ntervention (open a contextual corridor in front of me).

Needs:

It is needed that one or several relevant cooperative vehicles be properly positioned in the traffic flow to cooperate in
order to enable the subject vehicle(s) to safely achieve its targeted manoeuvre.

It is also needed that non-connected/cooperative vehicles do not take profit of the new created situation to exploit it to
the detriment of the identified subject vehicle(s).

Pre-conditions:

The subject and target vehicles which are cooperating need to be release 2 standard cooperative vehicles, having the
capability to disseminate and process standard CAMs release 2 and MCMs.

The Target (T) vehicle needs to get the service specific permission level required to directly propose actions on the
subject vehicle(s) to be intercepted and other local release 2 cooperative vehicles which could be contributing to or at
risk during the interception manoeuvre.

5.3.3 Example: Interception situation

Figure 6 shows a use case describing an interception situation achieved by motorcyclist policeman.

Follow-me strategy

(] ( (F] [ (F]]

Figure 6: Interception of a target vehicle by a motorcyclist policeman

In this example:

. The Target Vehicle 1 (TV1) broadcasts a M CMs requesting the subject vehicle to achieve a specific
manoeuvre with the objective of intercepting it. The interception may consist of immobilizing locally the
subject vehicle or to lead it to a safer place for inspection via a"follow-me" instruction. In the second case, the
TV1and SV are constituting a small string of vehicles moving in synchronization.

. At the same time, the Target Vehicle 1 (TV1) instructs other target vehicles (TV2 and TV 3) to achieve a
manoeuvre coordination to facilitate the interception of the subject vehicle: TV2 isrequested to decel erate for
creating (for SV) a safe insertion gap between TV2 and TV1 while TV3 is requested to remain in its own lane.
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5.34 Information flow diagram

The information flow diagram presented in Figure 2 of clause 5.2.2, stays relevant. In this A2 concept, the originating
vehicleis the police motorcyclist which initiates a collective action by sending its intent to intercept the subject vehicle.

This prescriptive intent (mission) is associated with the reference trgjectory of the police motorcyclist which may
request the subject vehicle to follow it so forming a small platoon of two vehicles. Then, the subject vehicle reproduces
the reference tragjectory of the police vehicle until reaching afinal destination. The police motorcyclist provides a
minimum inter-distance between the two vehicles to safely progress according to the local traffic density, but, if
possible, to avoid the insertion of another vehicle between the police vehicle and the subject vehicle.

5.3.5  Situation analysis
Hypothesis:

If atarget vehicleis perceived by the police vehicle as presenting arisk during the initial negotiation phase, the police
vehicle may also coordinate the manoeuvre of thistarget vehicle to facilitate the interception of the subject vehicle.

If the subject vehicle presents some danger for nearby other vehicles (e.g. dangerous gas/liquid leakage), the police
vehicle needs to continue to keep them away of the subject vehicle by involving them in the collective action.
Consequently, the collective action may stay active along time until the subject vehicle is secured somewhere.

Post-Condition:

The vehicle interception needs to be achieved. If arefusal isreceived (NACK), aclear justification needs to be given
(for example: misbehaviour detection).

Infor mation requirement:
A clear intent corresponding to a stakeholder mission needs to be provided. The originator needs to be authorized.
Communication mode:

Broadcasting at the level of the access layer is preferable especialy if the originating vehicle has not a sufficient
perception of its environment, not being able to identify the potential target vehicles. Moreover, the multicast can be
used at the level of the facility layer to address only potential target vehicles, according to perception capabilities of the
originating vehicle.

54 Concept B1, 12V cooperation class "Agreement Seeking"

541 Overview

This concept B1 focuses on the use of aroadside equipment for assisting one or several subject vehicle(s) to complete a
specified manoeuvre for satisfying atraffic management objective. The traffic management objective can be local under
the responsibility of the local RSU or global under the responsibility of a traffic management centre connected to the
RSU.

This concept leads to trajectory and speed recommendations being addressed to cooperative standard release 2 vehicles
part of the local traffic. Though subject vehicles may experience an individual benefit from the coordinated
manoeuvres, at some cost for the target vehicles, the main reason for engaging in the coordinated manoeuvre
recommended by the RSU isto improve the traffic flow and road safety.

5.4.2 Description

One or several roadside piece(s) of equipment collect viatheir autonomous perception sensors the traffic situation
existing in local area where release 2 cooperative vehicles are moving. The present Roadside Units (RSUs) may also
receive standard messages (CAMs, CPMs) from cooperative vehicles and use them for augmenting their local
perception.

Based on collected perception data, the RSU(s) suggest manoeuvre coordination to relevant release 2 cooperative
vehicles for them to achieve identified goals.
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According to cooperative vehicles responses, the RSU(s) may initiate a collective action by disseminating more MCMs
to partners vehicles.
Actors, rolesand responsibilities:

Roadside units are pieces of road infrastructure equipment which have release 2 cooperative capabilities (in particular
the MCS capability) as well as the full perception capability covering the local areain which considered cooperative
vehicles are moving:

e  cooperative release 1 vehicles which provide traffic information and cooperative release 2 vehicles which may
contribute to the overall manoeuvre coordination suggested by the RSU.

A roadside unit disseminates behaviour recommendations, especially speed regulation requests, recommended distance
to preceding vehicles, or trgjectories to target vehicles in order to manage the traffic flow.

A roadside sensors' network as well as release 1 cooperative vehicles may be used to provide the roadside unit with
information regarding the current traffic situation.

Subject vehicles are aided in handling specific manoeuvre such as turning left into oncoming traffic at complex
intersections or merge onto roads in dense traffic situations. Subject vehicles maintain responsibility for the safety of
their trgjectory at all times, on the basis of their own perception of the traffic situation. The subject vehicle may
optionally use perception data from incoming CPMs as well as account for trajectory intents from incoming CAMs or
MCMs.

Target vehicles are release 2 cooperative vehicles which execute manoeuvre suggested by the RSU once they are
accepted.

Once the subject and target vehicles have accepted to coordinate their actions for the achievement of subject vehicle(s)
goals, they remain responsible for their own manoeuvre at all times. In the simplest case, an explicit agreement or
commitment is required with respect to RSU suggestions. This limits the kind of achievable coordinated manoeuvre, as
those need to remain within the domain of individually manageable manoeuvre for al participants.

EXAMPLE 1: Slowing downis not likely to put vehicles in an unsafe situation, whereas reducing safety
distances does.

Goal:
The goal of the roadside unit initiating the cooperative manoeuvre is to improve the traffic flow and road safety.

EXAMPLE 2:  Avoiding of deadlock situations on lanes which, according to traffic code, do not have the right of
way (priority). This can be achieved by assisting vehicles turning left at a four intersection or
merging on a major road.

Needs:

It is needed that one or several relevant release 2 cooperative vehicles be properly positioned in the traffic flow to
cooperate in order to enable the subject vehicle(s) to safely achieve their targeted manoeuvres in respect of RSU
suggestions.

It is also beneficial that non-cooperative vehicles do not take profit of the new created situation (see example 3) to
exploit it to the detriment of the identified subject vehicles.

EXAMPLE 3: Insertsin agap created for a subject vehicle.
Geographic scope:
Thisisalocal geographic scope delimited by perception capabilities (autonomous + cooperative perception) of involved
relevant RSU and involved cooperative vehicles. The geographic scope is also limited to areas relevant to traffic
management applications, such as intersections, highway access, as well as congested stretches of road.
Pre-conditions:

The subject and target vehicles which are cooperating need to be standard release 2 cooperative vehicles.

Target vehicle may or may not cooperate, in case of non-cooperation the coordinated manoeuvre does not take place.
The manoeuvre stays however safe, insofar subject vehicles will remain able to navigate by themselves at all times.
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The effectiveness of this approach depends on the density of release 2 cooperative vehicles on the road that may be able
to participate in coordinated manoeuvre. Cooperativeness is expected to be the preferred behaviour, due to overall
benefits to road safety, comfort, and traffic management for the inconvenience of a minor occasional slow down.

54.3 Toll Barrier use case

Figure 7 shows the access to atoll barrier where MCS would ease the traffic flow.

Subject vehicle

Toll
Barrier

Target vehicle

Figure 7. Access to toll-barrier use case

Subject vehicles (SV1 and SV 2) are supported by the RSU to reach the most relevant gate to pass through the toll
barrier. Selection criteria could be the following:

. type of vehicle, privileges associated to vehicles;

e  typeof payment;

. the respective vehicles' queues lengths at each gate level;
. trgjectory to follow after the toll gate.

The target vehicle (TV in green) receives suggestion (e.g. slowdown) from the RSU to easy the safe progression of a
subject vehicle (SV1).

Relevant vehicles (RV1 and RV 2) are cooperative vehicles providing information (viatheir CAMs, CPM) about the
traffic situation at gates' level.

544 Four-way crossing use case

Another use case worth to be considered is the four-way crossing use case shown in Figure 8.

In this use case an urban four-way intersection is under the monitoring of a roadside unit, providing manoeuvre
proposals aiming at reducing congestion behind the subject vehicle.

In this case the subject vehicle has the navigation goal of turning to the left but hasto give right of way to oncoming
traffic therefore blocking the following vehicles. In dense traffic, this may cause traffic jams or even deadlock
situations.

In this case, aroadside unit may instruct the target vehicle to create an opening for the subject vehicle to turn left.
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In case the target vehicle cooperates and surrendersits right of way, the subject vehicle waits until the created opening
is significant enough for it to be identified by its onboard perception and to go through safely. Alternatively, the subject
vehicle may get a hint of the planned coordinated manoeuvre from the roadside unit, and may engage early in the
manoeuvre, though thisimplies significant higher requirementsto all the participants of the coordinated manoeuvre.

In case the target vehicle does not surrender its right of way, the subject vehicle stops at the intersection and waits for
the next opening in order to make the turn.
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Roadside Unit

Figure 8: Four-way crossing use case

5.4.5 Highway merge use case

In the use case shown in Figure 9, the SV may get assistance from a cooperative release 2 Target Vehicle (TV) for
inserting onto a main road with a merging manoeuvre.

9 - ) i
- ) —9 - i | —»

> n— 3y Ty [
k& s j
nm\ >

Roadside Unit

Figure 9: Highway merging use case
The RSU recognizes the opportunity for assisting the Subject Vehicle by requesting atarget vehicle to let the SV merge

in front of it. Ideally, the TV's manoeuvre is well anticipated and only a minor slowdown is required from his part to
create a gap that can be independently detected by the SV on the insertion lane.
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In case the target vehicle does not abandon its right of way, the subject vehicle has to slow down and wait for another
opportunity to merge.

5.4.6 Information flow diagram

Figure 10 shows a generic information flow diagram for the concept A2 above described.

Roadside Unit Subject Vehicle Target Vehicle

Repeat

CAM (Optional)

Figure 10: Information flow diagram for the crossing assist use case

The perception of the roadside unit and the subject vehicle may be handled by their local perception or with some level
of cooperative perception (CAM, CPM). In case the local perception is sufficiently capable, unidirectional
communication from the roadside unit to the target vehicle is a possible scenario.

The communication between subject vehicle and roadside unit is optional, athough communicating the intention of the
SV of turning left, for example with a CAM message would be beneficial. This intention may however aternatively be
detected by roadside unit thanks to atraffic surveillance cameraidentifying aturn light signal. In this case, the subject
vehicle can also be amanually driven, non-communicating vehicle.

The roadside unit instructs the target vehicle to slow down to create an opening for the subject vehicle to drive through.
The target vehicle, remaining responsible for its own trgjectory may or may not comply. Feedback may optionally be
communicated back to the roadside unit.

In the case where there is no feedback, the subject vehicle needsto wait for a sufficiently large opening in the traffic
flow to appear to engage in aleft turn.

During execution of the manoeuvre, the roadside unit disseminates the updated trgjectory recommendation as long as
beneficial given the traffic conditions and behaviour of the target vehicle.

5.4.7 Situation analysis

Hypothesis:

Onedirectional communication with responsibility on the vehicle side presents the lowest safety risk and safety
requirements for the roadside unit communication protocols and traffic participants. This implies however some
limitations to the efficiency of the manoeuvre proposals.
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Traffic management goals may be tolerant to low penetration rates and do not require the highest possible manoeuvre
coordination efficiency.

Operation in high density traffic situation is also afactor that may favour low communication load, which is reached by
reducing the number of individual feedbacks from cooperative vehicles.

CAM release 2 should indicate the current driving mode of the cooperative vehicle (human driven or self-driving) for
the subject vehicle to be able to assess the probability and accuracy achievement of the reached agreement.

CAM may aso be used as an immediate feedback of the release 2 cooperative vehicles which are targeted by subject
vehicles. The dynamic data elements contained in CAM indicate the manoeuvre evolutions of targeted vehicles.

But another approach can be developed viathe use of responding MCMs which confirm or not the acceptation of
proposed manoeuvre coordination and provide evidence of target vehicles support to subject vehicle(s).

CAM may also contain all data elements related to selection criteria (vehicle privileges, vehicle payment types
available, etc.) used by the RSU to provide the trgjectory to follow to reach the most appropriate gate.

Post-conditions:
In the best case, the subject vehicle obtained the possibility to achieve its planed manoeuvre.

If the window of opportunity closes or if the target vehicle does not comply or delivers negative feedback, the roadside
unit will stop communication until the next opportunity arises.

Infor mation requirements:

The roadside unit requires awareness of the traffic situation in the area of interest. This can be achieved by means of
using CAM and CPM messages of passing vehicles, or thanksto local traffic sensors.

The roadside unit needs to acquire knowledge of the subject vehicle'sintention to assist it adequately. This can be
unambiguous depending on road configuration or this can be achieved with a CAM from the subject vehicle.

The roadside unit also requires knowledge of the capabilities of the target vehicle to provide appropriate
recommendations.

The RSU needs to provide the recommended manoeuvre for target release 2 cooperative vehicles to adjust their
trajectories and motion dynamics accordingly.

The recommended manoauvre may be atrajectory including a motion dynamic prediction, a speed recommendation, or a
request to extend the distance to the front vehicle. The RSU may also provide some rational for getting adhesion of
target vehicles. The timeliness of the recommendation needs to be ensured.

Communication mode:

The broadcast mode is used at the level of the access layer. However, some multicast mode could be used at facilities
layer level to identify the targeted vehicles using their station ID (see clause A.1 presenting the French PAC V2X
project approach).

5.5 Concept B2, 12V cooperation class "prescriptive"

551 Overview

This concept B2 focuses on the use of a roadside equipment for acting to facilitate the manoeuvre coordination of one
or several subject vehicle(s) for satisfying aglobal objective (e.g. safety, traffic management, vehicle interception by
relevant authority, etc.).

Traffic management objective can be local under the responsibility of the local RSU or global under the responsibility
of atraffic management centre connected to the RSU.
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B2 concept leads to prescriptive manoeuvre coordination addressed to one or several subject vehicles and target
vehicles. Several levels of prescription could be defined in terms of execution constraints. For example, the prescription
levels could be:

. Level 0 Mandatory for vehicle interception or inspection.

. Level 1 Mandatory for safety purpose.

. Level 2 Mandatory for emergency intervention.

. Level 3 Mandatory for road operator intervention (e.g. during bad winter weather conditions).
. Level 4 Mandatory for global traffic management purpose.

. Level 5 Mandatory or advisory (on the responsibility of the local traffic authority) for local traffic management
purpose.

. Level 6 Mandatory for platooning collective action.
o Level 7 Mandatory for giving priority to public transport.

. Etc.

55.2 Description
Actors rolesand responsibilities:

Roadside units are pieces of road infrastructure equipment which have release 2 cooperative capabilities (the MCS
capability) as well asthe full perception capability covering the local areain which considered cooperative vehicles are
moving:

e  cooperative release 1 vehicles which provide traffic information and cooperative release 2 vehicles which may
contribute to the overall manoeuvre coordination suggested by the RSU.

Subject vehicles are release 2 cooperative vehicles which execute manoeuvre prescribed by the RSU.
Target vehicles are release 2 cooperative vehicles which contribute to ease the manoeuvre of subject vehicles.

In al cases, the manoeuvre coordination execution remains in the responsibility of release 2 cooperative vehicles which
receive prescribed instructions from the RSU. A subject or target vehicle may not execute the prescribed manoeuvre,
but this will need to be justified. Likely alevel 0 (mandatory) prescription should be executed even if this consists only
to stop the subject vehicle. Others non-execution could be judged not appropriate by receiving release 2 cooperative
vehicles, but in such case, it could be mandatory to record the reason of this non execution for a further inspection of
the vehicleif required by a safety or traffic management authority.

Goal:

The goal isto request one or severa release 2 cooperative vehiclesto contribute to a manoeuvre to reach a specific
objective such as:

e  Avoiding acollision between several vehicles.

. Managing globally or locally the traffic (for example, contextual corridor management) for facilitating
emergency rescue and road maintenance intervention (open a contextual corridor in front of the vehicle).

Needs:

Theinitialy targeted cooperative vehicle (stolen or dangerous) needs to be a release 2 cooperative vehicle supporting
this class of cooperative service.

It is expected that the density of release 2 cooperative vehicles be sufficient to achieve the targeted goal (e.g. contextual
corridor management).

It is also needed that non-connected or/and non-cooperative vehicles don't take profit of the new created situation to
exploit it to the detriment of the subject vehicle.
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Geogr aphic scope:

Thisisaloca geographic scope delimited by the perception capabilities (autonomous + cooperative perceptions) of
involved relevant cooperative vehicles. Moreover, geocasting communication mode can be beneficial for the creation of
a contextual corridor.

Pre-conditions:
The subject and target vehicles which are cooperating need to be release 2 standard cooperative vehicles.

The RSU needs to get the service special permission level required to directly propose actions on the subject vehicle(s)
to be intercepted and other local release 2 cooperative vehicles which could be contributing to or at risk during the
interception manoeuvre.

5.5.3 Wrong Way Driving use case
Figure 11 presents a safety situation (vehicle engaging in countersense) illustrating this concept B2.

The Subject Vehicle (SV) is detected by the RSU as engaging in countersense at the exit level of a highway. In most of
the case, the subject vehicle is human driven but, an automated vehicle could aso engage in countersense in case of the
defect of one critical function (ex: its positioning system).

The first safety manoeuvre to achieve is then slowing down and stopping the subject vehicle. But thisis not enough, and
the subject vehicle needs to be guided to return to a normal situation without putting at risk other vehiclesbeinginits
vicinity. If the subject vehicle isarelease 2 cooperative vehicle, which isin a human driven mode, it could be activated
in an automated driven mode (the human being not in a vigilance state to correct its mistake) and then be guided by the
RSU to find back its correct evolution.

An automated evol ution of the situation is conditioned by the local presence of release 2 cooperative vehicles (Target
Vehicles) which are facilitating the manoeuvre of the subject vehicle viaa coordination of their own manoeuvre.

If it is not possible to benefit from such favourable situation another solution would be to aert alocal relevant authority
(road operator or police) to send physically a patrol to regulate the local situation.

Figure 11 presents the best case relying on the presence of release 2 cooperative vehicles which are coordinating their
manoeuvres to resolve this situation without the need for a physical intervention.

The RSU detects the arrival of the subject vehicle engaging in awrong way by means of its autonomous perception
sensor (e.g. camera). Automatically, the RSU instructs the SV to stop on the right of the road. This can be an emergency
brake to avoid a collision with vehicles exiting the highway.

The subject vehicle executes this first manoeuvre.

The RSU identifies release 2 cooperative target vehicles which may contribute to a return of the subject vehicle on an
acceptable trgjectory. If the analysisis favourable (all target vehicles are positioned properly), the RSU instructs them to
stop to enable further manoeuvre from the subject vehicle.

After averification of itsinstructions' execution from relevant target vehicles, the RSU may instructs the subject vehicle
to go backward (or make a U turn if the highway exit enables it) to find back an acceptable trgjectory.

Once the subject vehicle is again on its right track, the RSU may release all stationary target vehicles and the
manoeuvre coordination process can be ended.

If the RSU detects that release 2 cooperative vehicles are not properly positioned to correct the trgjectory of the subject
vehicle, the RSU may send an alarm to the road operator requesting a physical intervention to eliminate the problem.
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Figure 11: Concept B2, wrong way driving use case

5.5.4 Information flow diagram
Figure 12 shows a generic information flow diagram for the concept A2 above described.

All release 2 cooperative vehicles are broadcasting release 2 CAMs enabling the release 2 roadside unit (RSU) to
monitor their respective evolutions.

The RSU detects that the Subject Vehicle (SV) isengaging in awrong way (the exit of the highway in countersense)
and broadcast MCM s with the purpose to resolve the detected problem.

These MCMs contain instructions to safely stop the subject vehicle on the side of the road and request a so other
release 2 cooperative vehicle to temporarily stop to have the possibility for the subject vehicle to go back in a position
enabling it to correct its mistake.

When the target vehicles (TV1, TV2, TV3) are temporarily immobilized, the RSU may send instructions to the subject
vehicle (e.g. "moving back” or "making a U turn" depending on the available road space).

Once the subject vehicle has regained its expected position, the RSU may release target vehicles which can pursue their
respective trgectories.

The MCMs may contain all data elements which are required to guide them during the subject vehicle manoeuvre.
CAMs broadcasted (or unicasted) by relevant cooperative vehicles can be used as feedback giving evidence of the
execution of proposed manoeuvre. Explicit feedback MCMs could also be one solution.

If the subject vehicle is anot cooperative vehicle, the RSU can detect it but cannot act on it. In this case, an aert can be
sent to the road operator for aphysical intervention.

ETSI



34 ETSI TR 103 578 V2.1.1 (2024-04)

Roadside Subject Target
Unit . & Target Target Not cooperative
L Vehicle Vehicle 1 hicl : .
2 Vehicle 2 Vehicle 3 Vehicle
- . Al & % L —
RSU _ Bsv |3 B |
/—
Status I
S I Release f'gmwmﬂ—
\ I | i ¥
7] | MCM | |
Intent i 1 1
Sharing Release 2 @AMs |—’
(negotiation)
Possible explicit MCM responses
Collective
Action
Collective
Action
RkpsuREn Possible explicit MCM responses

Figure 12: Information flow diagram for concept B2

55,5  Situation analysis
Hypothesis:

Release 2 CAM should indicate the current driving mode of the cooperative vehicle (human driven or self-driving) for
the target (T) and subject (S) vehiclesto be able to assess the probability and accuracy achievement of the prescribed
instructions.

CAM may also be used as an immediate feedback of the release 2 cooperative vehicles which are cooperating (the
target (T) and subject (S) vehicles). The dynamic data elements contained in CAM indicate the manoeuvre evol ution of
targeted vehicles and possibly their intents via their path predictions.

But another approach can be developed via the use of responding MCMs which confirm or not the acceptation of
proposed manoeuvre coordination and provide their path predictions.

Prescriptive cooperation class needs to strongly consider the following two factors:

e  TheRSU needsto get an SSP which grantsit the full capabilities authorization to act on release 2 cooperative
vehicles clearly identified. This permission needs to be provided by the relevant authority.

. The security of the SSP needs to be reinforced.

If the subject vehicle is not arelease 2 cooperative vehicle, the RSU cannot control its manoeuvre. In such case, an alert
can be sent to the road operator to trigger a physical intervention.

Post-conditions:
In the best case, the subject vehicle and the targeted vehicle(s) achieve their manoeuvres in safe conditions.

In aworst case, the cooperative processis stopped due to a cause which needs to be identified and likely be registered
(recorder function) at the RSU and participant vehicles level for further actions.

I nfor mation requirement:

The RSU needs to provide its intent and proposal for relevant cooperative vehicles (subject and targets) to identify
themselves and achieve the recommended manoeuvre. The RSU needs to indicate the cooperation class "prescriptive" to
subject and target vehicles which are mainly concerned by the cooperative manoeuvre.

NOTE: Incase of prescriptive class, the intent can be considered as a mission (emergency mission, road capacity
restoring (for example: Snow removal) mission, police interception or inspection mission, etc.).
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Communication mode:

The broadcast mode is used at the level of the access layer. However, some multicast mode could be used at facilities
layer level to identify the subject and targeted vehicles using their station ID (see clause A.1 presenting the French PAC
V2X project approach).

For responding to an RSU, the unicast mode can also be used, but in such case, other participants will not be informed
of the response of the considered vehicle.

5.6 Concept C1, C2V cooperation class "agreement seeking"

56.1 Overview

This new concept proposed by 5GAA is based on a manoeuvre coordination from a central station having the purpose to
safely improve the traffic fluidity by suggesting manoeuvres coordination to a group of cooperative vehicles (group
start) or more generally coordinating the manoeuvres of cooperative vehiclesin more complex situations.

5.6.2 Description
Group Start:

The application was described in the documentation published in by 5GAA but has so far not been tested in an open
environment.

When approaching a controlled intersection, all vehiclesin alane with red light are obliged to stop. However, when the
light switchesto green, vehicles will generally only accelerate once the vehicle in front of them has already started
moving, which causes a delayed acceleration at the end of the lane. In intersections with very short green phasesthis
can lead to vehicles waiting multiple phases before passing. By enabling vehicles to accelerate at the same time when
the green phase starts this can fluidify traffic by increasing the number of vehiclesthat can pass through at one green
phase, which in turn causes |less congestion and shorter travel times.

Thisiswhere Group Start can provide an efficient solution. Self-driving or semi-automated vehicles form a group to
start jointly at traffic lights. In a centralized implementation of this use case, atraffic control center provides tactical and
strategic information to coordinate the activity, while a decentralized solution can be implemented with dedicated
communication between the vehicles.

Hereafter the centralized implementation is described.

A traffic control center or Host Vehicle identifies several vehicles which intend to cross an intersection on a similar path
at asimilar time. The candidate vehicles are placed into groups following the same paths, guided through the
intersection by their corresponding 'group lead' vehicle. After the manoeuvre is executed, the groups are dissolved. The
lead vehicle reports the manoeuvre to the traffic control center. The coordination of acceleration and speed enables an
efficient crossing which is adapted to all vehicles' capahilities.

Coordinated cooperative manoeuvres based on C-ACC.:
The Use Case Cooperative Adaptive Cruise Control was already studied in ETS| TR 103 299 [i.4].

In highly dynamic environments where vehicles and drivers need to execute a vehicle movement it is sometimes
dangerous to try and execute a manoeuvre. As the behaviours of surrounding vehicles are sometimes difficult to
anticipate, drivers are not able to always execute their manoeuvre since it may pose a considerable safety risk. The
manaceuvre can be of the type "lane merging”, lane changing, accessing exiting ramps, executing U-turns and so on.
When drivers however can see or anticipate the behaviours of the surrounding drivers, such movements can be
coordinated. An example of this would be using the flashing headlights to communicate an intent, or visual
confirmation between the drivers.

The following needs to be considered:

e  Theusecaseitself contains different scenarios, such as U-Turn, lane merge and so on. Each of these will have
individual differences which will need to be described in detail, asthey will happen in different environments,
different speeds and the number of involved participants will change.
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e  Additionally, the use cases can be implemented with actuation, enabling the manoeuvre of automated vehicles.
Therefore, it needs to be considered, that the implementation stages of driver-operated or vehicle-operated
movement can affect the implementation itself.

e  Thereare differences between regions on how merges are to be executed in terms of access priorities,
maximum speeds and if the manoeuvreis even allowed in certain areas. These situations all need to be
considered when the use case is to be implemented.

An important requirement is that the vehicles can estimate and identify which communication partnersin their
communication ranges are also critical participants in the manoeuvre, asit isimportant the relevant partners are
identified and addressed.

The most crucia aspect isthat the communication between participants needs to be enabled in specific recognizable
sequences, so that the different partners can identify each other to ensure the process.

5.6.3 Group Start use case

The group start use caseisillustrated in Figure 13.

Traffic Cantrol Center

Figure 13: lllustration of the Group Start use case

5.6.4  Information flow diagram

Figure 14 shows a generic information flow diagram for the Coordinated Cooperation Manoeuvre use case (concept C1)
above described.
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Figure 14: Information flow diagram for the coordinated coop

erative manoeuvre

e A main traffic participant wants to perform a certain action (e.g. lane change, exit highway, U-turn, etc.).

e  TheParticipant shares thisintent with other traffic participants potentially involved in the manoeuvre.

. The traffic participants indicate to the main traffic participant whether they support or plan to decline the

planned manoeuvre.

e  Themain traffic participant informs a superset of the traffic participants informed whether it plans to perform

the manoeuvre.

e  Thevehiclesthen confirm the manoeuvre support, and the vehicles can all execute their individual manoeuvres

to enable the planned manoeuvres by the initiating traffic participant.

5.6.5  Situation analysis

Needs of Group Start:

. A vehicle detects the benefit of the use case and its potential implementation at an intersection and initiates the

use case.

e  Thetraffic control centre identifies that multiple vehicles are approaching an intersection and intend to cross it

on the same path and at asimilar predicted time.
Constraints of Group Start:

. Thereis amixture of vehicles which are capable and vehicles which are not

capable of participating in the

group start use case waiting at or approaching the traffic light. Vehicles without such capabilities are regarded
as the group 'delimiter’. The next group, which isindependent of the 'non-capable' one, is expected to start

independently of the first group.

. The vehicles waiting at or approaching the traffic light have different capabi
acceleration, sensor equipment).

e  Thereare more vehicles at the traffic light than can pass during one phase.

lities (e.g. in terms of achievable

. All vehicles potentialy participating in the group can securely communicate to each other.
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e  All vehicles potentially participating in the group can establish a secure connection with the appropriate traffic
control centre.
. Thereis one dedicated traffic control centre for the given intersection.
Pre-conditions:

. I ntersections benefiting from the use case need to be known to the initiating HV s (e.g. through prior
communication or updates).

. The traffic control centre provides advice to the vehicles on how to approach the intersection and which path
to take there (lane, relative position, or absolute position).

e  Thevehiclesarrive at the intersection and wait at ared light.

The information required for Group Start includes Signal, Phase and Timing information, properties of the different
involved vehicles and the properties of the group, the position, speeds, accelerations, yaw rates, and the planned path by
the group and a timeout mechanism. Additionally, identifiers for the group, the vehicles, the sequence of messages and
identifiers enabling separation of forming groups and the use case implementation will delimit the different forming
groups and the reason for the forming of the group.

Needs of Coordinated Cooperative Manoeuvre:
e  Themain traffic participant needs to receive feedback messages from other traffic participants.
Constraints of Coordinated Cooperative Manoeuvre:

. The main traffic participant needs to be equipped with the means to inform other traffic participants about
planned manoeuvres.

. Other traffic participants need to be able to signal confirmation/support/approval or denial/rejection of the
planned manoeuvre.

e  Themain traffic participant needs to be able to process feedback received and needs to be able to inform
surrounding traffic participants about the final decision regarding whether the manoeuvre will be performed or
not.

Pre-conditions Coor dinated Cooperative M anceuvres.

e  Themain traffic participant wants to perform a manoeuvre involving surrounding traffic participants.

5.7 Concept C2, C2V cooperation class "prescriptive"

571 Overview

This concept is dedicated to Centre - Vehicle (C2V) cooperation. Though this concept could be like the B2 concept
above described, and developed, it is more appropriate for the supervision of fully automated vehicles (SAE level 4 and
5) which do not have a human driver in them (likely be mandatory by law all over Europe asit is already the case in
France).

As this supervisor needs in some critical casesto teleoperate automated vehicles, itsintent will correspond to a
prescriptive class of collective actions.
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5.7.2 Description

Actorsand roles:

A central supervisor monitorsin real time the evolution of relevant automated vehicles which are under its
responsibility. In case of detecting a dangerous evolution of avehicle, or receiving a vehicle request for support, or
receiving a police vehicle interception/inspection request, the central supervisor will remotely act (teleoperate) on the
relevant subject vehicle and may be aso on other neighbour cooperative vehiclesto resolve the reported or detected
problem. Such manoeuvre coordination actions may be limited to the strict minimum required according to the central
supervisor capabilities (perception and performances).

Release 2 cooperative vehicles moving in an automated mode without drivers could be remotely controlled by the
central supervisor.

Release 2 cooperative vehicles in an automated mode with human drivers or in human driving mode may contribute to
manoeuvre coordination initiated by the central supervisor.

Generally, al cooperative vehicles and cooperative RSE need to provide local information to the central supervisor with
the objective to develop its perception of controlled local environments. This can be achieved using standard messages
such as CAMs, DENMs, VAMSs, and CPMs.

Goal:

The main mandatory goal of a central supervisor isto remote control fully automated vehicles (SAE level 4 and 5)
moving without human driversin them when it is judged necessary.

However, such central supervisor can be integrated in a central system which has other goals such as providing digital
road infrastructure model for navigation purpose or/and traffic management.

Needs:

The central supervisor needs to be connected to cooperative vehicles and to the road infrastructure to collect local
perception data and be able to remotely propose actions on automated vehicles. This connection could be viaacellular
network (e.g. 4G or 5G) or viaaloca fibre optic network.

The supervised cooperative vehicle needs to be arelease 2 cooperative vehicle moving in afully automated mode
without human driver init. Such cooperative vehicle needs to support this class of MCS cooperative service.

It is expected that the density of release 2 cooperative vehicles be sufficient to achieve the targeted goal.

It is also needed that non-connected/cooperative vehicles do not take profit of the new created situation to exploit it to
the detriment of the subject vehicle.

Geogr aphic scope:

The geographic scope is depending on the central supervisor coverage. It could stay local to a cell or extended to a
variable area according to the supervisor processing/memory capabilities and its performances in terms of end-to-end
latency time.

Pre-conditions:

The central supervisor needsto obtain afull perception of the environments in which the subject vehicles are moving. It
should be able to collect loca contextual data and dynamic objects evolutions data (see Annex B of the present
document).

The central supervisor should respect some minimum performance requirement for remotely proposing actions on
subject vehicles which need itsintervention.

The subject and target vehicles which are cooperating need to be standard release 2 cooperative vehicles.

5.7.3 Fully automated vehicles central supervision use case

Figure 15 shows the use case where a central supervisor (prescriptive cooperation class) located in the cloud or at the
edge of the cloud and cellular networks (e.g. 4G or 5G) is used.

ETSI



40

ETSI TR 103 578 V2.1.1 (2024-04)

ase Station

B
CPM
MCM MCM

CcPM

RSE
k> am &=

(]
o

CPM

RSE

ks

&7

T
Local environment

E Release 2 Cooperative vehicle

(E) Non-connected vehicle

Figure 15: Overview of the concept C2 situation

The central supervisor coordinates the manoeuvre of the subject vehicle according to the level of perception it can
collect from cooperative vehicles (from CAMs and CPMs) and local RSUs. It may be assisted by other release 2
cooperative vehicles if necessary.

Another architecture may include the supervisor located in a traffic management centre and linked to vehiclesviaa
local optical fibre network and RSUs. Operated by alocal road operator.

5.7.4

Information flow diagram

Theinformation flow for this concept C2 above described is shown on Figure 16.
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Figure 16: Information flow diagram for concept C2
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5.7.5 Situation analysis
Hypothesis:

The central supervisor needs to be informed about the presence or not of a human driver able to take control of the
vehicle when necessary. This could be achieved using CAM which needs to be forwarded to the central supervisor. The
absence of a human driver in the vehicle is the only condition required for the central supervisor to monitor the
evolution of the vehicle and remotely propose actions on it either under the detection of particular situations and on an
interception request from arelevant authority.

When activated to supervise a particular automated subject vehicle, the central supervisor needs to have the capability
to collect al relevant data elements (environmental context in which the vehicle is evolving, and vehicles' motion
dynamics) which are necessary to detect arisk of collision, avoid the collision or mitigate it or act upon received
interception requests.

When activated to supervise a particular automated subject vehicle, the central supervisor needs to know in what extend
(permission level) it can propose remote actions on the automated vehicle relatively to its technical performance
capacities (e.g. end to end latency time in worst cases situations).

Post-conditions:

The first phase of a vehicle remote control may consist in stopping the vehicle after leading it on alocal safe parking
place reducing as much as possible the local traffic disturbance.

However, this could be extended by another phase which may consist in leading the subject vehicle to a new destination
where it can be inspected for arepair or any other purpose. Three solutions would be possible:

. A - The subject vehicle can be physically removed by another specialized, authorized vehicle.

. B - The subject vehicle can be required to move automatically to a new destination which isreplacing its
initial destination in its navigation system.

. C - The subject vehicle can be instructed to follow another authorized vehicle (follow-me), so forming a small
vehicles' string, until reaching their destination.

In the cases B and C, the subject vehicle should have al itstechnical capacities to move in an automated mode and
should have the necessary remaining energy to reach its destination. Thislast requirement may lead to indicate in CAM
or in responding MCM the level of remaining energy (autonomy) in the subject vehicle for the central supervisor to be
able to select the best solution to use.

Infor mation requirement:

A central supervisor needsto collect al information which are necessary to take a decision to coordinate or not the
manoeuvre of a subject vehicle (environment contextual data, subject vehicle motion dynamic, neighbour vehicles
motion dynamics).

A central supervisor addresses or broadcasts manoauvre coordination instructions to be executed by relevant vehicles
(subject and target) during the manoeuvre coordination process. The choice of the communication mode depends on the
communication capacities which are available at the level of the used network.

Relevant cooperative vehicles update their CAMs which will reflect the received manoeuvres coordination execution.
Communication mode:

An addressed mode (unicast) or a broadcast mode can be used according to the capabilities of the long-range
communication network which is used.
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6 Conclusions

6.1 Introduction

CAM can be used for status sharing before the initiation of a collective action. CAM can be also used to provide an
implicit response to MCM if a new container is added for communicating the vehicle reference trgjectory. Other data
elements could be added to enable an efficient cooperation between vehicles involved in a collective action.

Then functional and performance requirements are analysed to identified future standard evolutions which can be
necessary for the development of this new manoeuvre coordination service.

6.2 Identified impacts on CAM

For partly and fully automated vehicles, CAMs can be used to provide information about the vehicle ADAS capabilities
and activation and on ADAS which are necessary for the vehicle to be able to move safely in aflow of vehicles, such
as.

e  Active Cruise Control (ACC) maintainsthe vehiclein aregulated distance from its front vehicle.
e  Automated Emergency Braking System (AEBS) triggers an automated emergency braking.

. Active Lane Keeping (ALK) enables the vehicleto stay in its lane according to the road infrastructure
horizontal marking.

. Cooperative ACC (C-ACC) enables a significant reduction of the regquired minimum distance between the
subject vehicle and the vehicle moving in front of it.

. Intelligent Speed Adaptation (ISA) enables to adjust the maximum speed limit of the subject vehicle according
to its environmental context or according to the human driver vigilance level.

It could be also necessary that the CAM indicates if the subject vehicle isin a complete automated driving mode or
staysin a partly human driven mode.

In some cases, for the manoeuvre coordination between several vehicles it would be necessary that the involved
vehicles and other participants be informed of the vehicles' reference trajectories. This can be mandatory to examineif a
release 2 cooperative vehicle can be helping in a particular manoeuvre coordination and then if thisisthe case, to
monitor its trgjectory evolution to verify that its manoeuvre reflect what is expected by the other vehicles.

When a cooperative vehicleinitiates an MCS, the best way to identify itsintent isto provide its reference trajectory
evolution. This can be achieved at the level of CAMs (according to its release 2 evolution) or at the level of MCMs.

NOTE: A confusion is possible between the "path prediction” (which may optionally include dynamic

information) and the "trgjectory". These two data elements should be reconsidered and clarified in the
CDD.

6.3 Potential requirements

6.3.1 Functional requirements
The functional requirements can be derived from the main concepts which are proposed in the present document:

. Concept A1, V2V cooperation class "agreement seeking". This concept includes the two introduced situations
(V2V Cooperation Request, V2V Cooperation Offer).

. Concept A2, V2V cooperation class " prescriptive”.
. Concept B, 12V cooperation class "agreement seeking" and "prescriptive”.

. Concept C, C2V cooperation class "agreement-seeking” and "prescriptive”.
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FRO1: A collective actionisinitiated by an ITS-S which has an intent (e.g. agreement-seeking class) or amission
(prescriptive class) needing the support of cooperative vehicles to achieve a pre-defined goal. Receiving vehicles need
to obtain more information about the originating vehicle intent (development of the "Cost" concept) or mission (e.g.
type of mission and its value). Triggering conditions of a collective action need to be refined according to main actors
needs.

The manoeuvre coordination service is supported by a functional pipeline which can be constituted of functions located
in the four functional categories of an ITS reference architecture such as represented in Figure 1. Such a functional
pipelineis discussed in annex B of the present document. All these functiong/applications constitute the overall
functional capabilities of the Intelligent Transport System which are complemented by communication capabilities
(short range and long-range communication capabilities). These I TS capabilities should be monitored and maintained to
be able to use safely the Manoeuvre Coordination Service.

FRO2: An Intelligent Transport System (ITS) isadistributed system composed of 4 functional categories which are
interacting together via communication networks. It is then necessary to specify and standardize the protocols and
messages which are used to support these interactions which may have minimum performance requirements.

NOTE: The cooperative ACC as the platooning management (creation and disbanding) could be considered asa
collective action supported by MCS. The same applies to AV P. Consequently, it should be studied if this
MCS could also cover these different types of use cases.

FRO3: A collective action may remain active during along period of time (for example: - platooning synchronization, -
AV P movement, -dedicated corridor management, etc.). It is then needed to distinguish several phases of manoeuvre
coordination to cover a collective action (e.g. for platooning: -platooning creation, -platooning mai ntenance, -platooning
disbanding, etc.). Elementary MC actions can be identified asin SAE J3186 [i.5].

Evenif it is the complete responsibility of the application, it should be beneficial to clarify what is called a " collective
action" and its interaction with the manoeuvre coordination service.

FRO4: It is necessary to specify the interactions between alocal " collective action management" application (or its
proxy) and the Manoeuvre coordination basic service of the local ITS-S during all the duration of the collective action.

6.3.2 Functional Safety and Security requirements

The security of the overall ITS for the use of the Manoeuvre Coordination Service is akey feature which needsto be
considered with ahigh level of attention especially in "prescriptive" cooperation class.

Evenif in al cases, the receiving vehicles remain responsible of accepting or not a collective action initiation viaan
explicit intent, if accepted, the receiving vehicles movements will be actively impacted by received MCMs.

FSROL1: It seems highly necessary to reinforce the security of cooperative vehicles contributing to a collective action,
relatively to arisk of manipulation (masguerade) with the objective to avoid that an attacker takes the control of the
vehicle.

Vehicles, road-side equipment, and central equipment which can directly or remotely propose actions to a subject
vehicle and on its neighbours has to get the required permission for this purpose. Then, the process for getting the right
level of permission needs to be secured.

FSRO02: Several categories of ITS-Ss can be involved in a collective action. These I TS-Ss (including vehicles) will have
adiversity of roles and responsibilities which need to be reflected in granted permission.

Nobody should have the possibility to remote control (teleoperate) any vehicle without having the right permission
level.

FSRO03: The required security level needs to be ensured independently of the used communication profile especially
during teleoperation.

In al cases, the subject and target vehicles which receive coordination manoeuvre data need to have the possibility to
accept them or not after the required analyses (consistency, integrity, plausibility, etc.). Thisislike the situation when a
SPAT message indicating ared phase is received which requires that al relevant vehicles stop until a change of phase
to green.

FSR04: Receiving vehicles need to be able to detect misbehaviour and report it to the security system and local
collective action partners.
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The negotiation phase which isinitiated by an intent/mission and an associated reference trajectory proposal is akey
phase which needs to be secured especialy for the prescriptive class.

Severa intent/mission classes need to be defined according to the roles and responsibilities of the using stakeholders.

Functional Safety such as defined by 1SO 26262 [i.6] (Fusa), derived from |EC 61508 [i.7] defines requirements and
measures to ensure a safe operation of safety-critical vehicle systems and appropriate reactions to prevent hazardsin the
case of failures. Several causes of failures may occur (hardware defects, software defects, cyberattacks on hardware,
software and data causing defects, etc.).

FSRO05: Asa cyberattack can be the cause of afunctional safety problem (attack on hardware, software, data, etc.), the
respective contribution of the security countermeasures to the functional safety of the system needs to be established.

Redundancy can be a measure to overcome functional failures related to hardware, software, and data. But relatively to
cyberattacks other solutions need to be devel oped to prevent cyberattacks and if not completely possible to detect and
eliminate them.

FSRO06: Several perceptions means will cohabit inan ITS (e.g. -autonomous perception of vehicles and RSEs, -local
and global connectivity, -local digital map, etc.), so constituting a redundant system enabling the detection of
inconsistency between resulting data and then facilitating the detection of a functional problem or cyberattack.

Furthermore, the security system with changing ITS-S ID might negatively impact cooperative manoeuvres due to the
timelimit on use of an ITS-SID. If the manoeuvre happens to coincide with an ITS-S ID change this would cause
problems and means of circumventing the regulation for purpose such as cooperative manoeuvres would be needed.
This could be in terms of a keep-alive indication to ensure the stations keep the same ID for atimed period for example.

FSR 07: Frequent changes of the ITS-SID could impact the performances of a collective action. Consequently, a
specific management of the ITS-S ID changes needs to be specified during the achievement of a collective action.

6.3.3 Minimum performance requirements

Some minimum performance requirements need to be specified especialy at the level of end-to-end communication
latency time and processing time.

End-to-end communication means from the real time update of relevant data used at the perception level to the
manoeuvre coordination actions which result from their analysis.

All processing times associated to the functions which are part of the processing pipeline need to be considered. The
overall processing time will be the sum of all processing times spent in the various functional categories which are
cooperative to achieve the targeted objective.

Figure 17, Figure 18 and Figure 19 provide examples of end-to-end latency time computations relatively to the three
main concepts (A, B, C) which are considered in the present document.

Additionally, the domain of sequentia action previously acquired information immediately prescribes aform of
implementation. It is therefore important to have the accurate requirements of critical information order and separate
them from implementation. Potentially, a use case implementation cannot be decoupled, and an industry consensus
driven implementation for individual use cases might be necessary.
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Figure 17: Example of End-to-End latency time computation for the concept A

In the example shown in Figure 17, the end-to-end delay will be as follows:

e TOand T7 are the times of availability of local perception data (autonomous from local sensors and collective
from exchanged of messages). These data are used to elaborate an exchange with other vehicles for their
manoeuvres coordination.

e T1-TOandT7-T6 arethe processing times necessary for obtaining data which can be used by the
Applications Pipeline to analyse the respective situations of cooperative vehicles and then decide on the next
cooperation steps.

. T2-T1land T6 - T5 are the processing times necessary to elaborate the decision for progressing in the on-
going cooperation of the manoeuvre coordination process.

. T3-T2and T5 - T4 are the times necessary to execute standard communication and security protocols used by
the network.

o Network (T4 - T3) isthe latency time of the local ad-hoc network used between vehicles (V2V concept).

Thisis asymmetric situation, and the End-to-End latency time can be computed between the transmitting source and
the receiving source by adding:

(T1-TO) +(T2-TL) +(T3-T2) +(T4-T3) +(T5-T4) +(T6-T5H)

In this concept A, only standard local ad-hoc networks are used enabling alow latency time at network access level (a
few milliseconds for the exchange of standard messages).
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Figure 18: Example of End-to-End latency time computation for the concept B

In the example shown in Figure 18 the end-to-end delay will be as follows:

e TOand T7 are the times of availability of the local perception data respectively at the level of the RSU and
cooperative vehicle. The autonomous perception of the RSU enables the collect of datain short time delay. For
the reception of collective perception data, the use of a standard local ad-hoc network limits the End-to-End
latency time for this collect to afew ten milliseconds (afew milliseconds for the local ad-hoc access network.

e T1-TOandT7-T6 arethe processing times necessary for obtaining data which can be used by the
Applications Pipeline to analyse the respective situations of relevant cooperative vehiclesfor their
manoeuvres' coordination steps.

e T2-TlandT6-T5 arethe processing times necessary to elaborate the decision for progressing in the on-
going cooperation of the manoeuvres' coordination process.

. T3 -T2 and T5 - T4 are the times necessary to execute standard communication and security protocols used by
the network.

. Network 1 (T4 -T3) isthe latency time of the local ad-hoc network used between the RSU and vehicles (12V
concept).

This can be considered as a symmetric situation (RSU and vehicles have to sense and process local data), and the End-
to-End latency time can be computed between the transmitting source and the receiving source by adding (from the
RSU to the vehicle):

(T1-TO) +(T2-T1) +(T3-T2) + (T4- T3) + (T5- T4) + (T6 - T5)

In this concept B, only standard local ad-hoc networks are used enabling alow latency time at network access level (a
few milliseconds for the exchange of standard messages).
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Figure 19: Example of End-to-End latency time computation for the concept C

In the example shown in Figure 19, at least three different cases for long-range networks (impacting the End-to-End
latency time) can be considered:

e  Thecentra systemislocated at the edge of the cloud in the cellular base station. In such case, the network
latency can be reduced to the cell access network latency and likely for 5G technology approaching the local
ad-hoc network latency (afew milliseconds). But this means that all cells need to support the applications
pipelines which are necessary for cooperative vehicles supervision and control in case of necessity, and that
the relevant cell technology be deployed everywhere cooperative vehicles have to move.

e  Thecentra systemisin the cloud. In such case, the global network which is used (e.g. Internet) needsto be
connected to concerned local environments using relevant cellular access networks. The network latency time
needs to add the cellular access network latency time to the internet latency time.

e  Thecentra systemisin theroad infrastructure controlled by the road operator. This can be achieved using a
high-speed fibre optic network interconnecting the ITS RSUs. In such case, the latency time of the long-range
network can also be drastically reduced to afew milliseconds.

The concept C needsto consider the two processes which are necessary at a central level:

. The local data collection process via the long-range network 1.

e  Thedecision processincluding the applications pipe using the long-range network 2 to communicate the result
of the decision process to vehicles which need to coordinate their manoeuvres (actions).

The End-to-End latency times computations are the same as previously, adding the communication and processing
times which are necessary at the level of each process.

Considering the End-to-End latency time for local data collection, this one impacts the timeliness of collected highly
dynamic data and then can make them obsolete if too long.

Moreover, the two End-to-End latency times need to be added for each new manoeuvre coordination which is decided.
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Annex A:
Example of MC Messages

A.l Introduction

This annex presents the results of 3 (clauses A.3, A.4 and A.5) National and European research projects which specified
and experimented a Manoeuvre Coordination Service and its associated message.

An attempt to develop ajoint proposal for MCM format is provided in clause A.2.

However, this proposed ASN.1 coding is only supplied as aninitial contribution which needsto be further devel oped
considering new emerging research project results and the possibility of some harmonization with SAE J3186 [i.5].

A.2  Joint proposal for MCM format

A Manoeuvre Coordination Message format proposal to implement the previously described manoeuvre coordination
concepts can be defined including the message generation time, reference position and heading of the MCM sender, and
one or two containers. A Vehicle Manoeuvre Container, which includes alist of possible manoeuvres for the sender
vehicle, or a Manoeuvre Advice Container, which contains manoeuvre recommendations for other vehicles.

Vehicle M anoeuvre Container

The Vehicle Manoeuvre Container is exchanged periodically among nearby vehicles via V2X communication, to
implement the manoeuvre coordination concept A1 "V2V cooperation - agreement seeking”. It contains mainly alist of
trajectories with cost values. The trajectories represent possible driving paths for the ego-vehicle with atime horizon
about 30 seconds in the future. The cooperation cost C expresses how favourable the trajectory is for the ego vehicle,
and they allow the relative prioritization of the transmitted trajectories. Three types of trgjectories are considered:

. Reference trajectory: corresponds to the target trajectory being currently driven by the vehicle. Reference
trajectories of all cooperating vehicles remain collision free and potential collisions are solved according to the
traffic rules. The reference trgjectory cost indicates the extent of the ego-vehicle's necessity for cooperation
(when C > 0) or its willingness to cooperate with other vehicles (when C < 0). A cost C = 0 indicates that the
vehicle neither islooking for cooperation nor it iswilling to cooperate with other vehicles.

e  Alternative trajectory: represents a cooperation offer from the ego-vehicle to another vehicle. i.e. atraectory
that the vehicle would be ready to drive to improve another vehicle's situation. The cost of an alternative
trajectory is higher that the reference trgjectory cost.

. Request trajectory: expresses that the ego-vehicle has a need for cooperation from another vehicle in order to
achieve its objective. Its cost is lower than the reference trajectory cost.

The Vehicle Manoeuvre Container includes the current vehicle automation state, which indicates whether the vehicleis
currently driving in automated mode longitudinally, laterally, or both, and atrajectory list. The first trajectory in the list
isthe reference trajectory, which is always included. Optionally, one or more possible cooperation offers (alternative
trajectories) and/or cooperation petitions (request trajectories) for other vehicles are also included. All trajectories have
a common format, consisting of a unique trgjectory 1D, the future vehicle path of the vehicle (position over time), an
optional category to signalize special cases, such a high-priority trajectory sent by an emergency vehicle, the
cooperation cost value, and an optional cooperation timeout.

M anoeuvr e Advice Container

The Manoeuvre Advice Container is sent periodically by vehicles or roadside units via V2X communication, to
implement the manoeuvre coordination concept A2 "V2V cooperation - prescriptive’, B1 "2V cooperation - agreement
seeking" or B2 "12V cooperation - prescriptive" or C-C2V cooperation and prescriptive. It contains mainly alist of
advised manoeuvres for different vehicles. Each manoeuvre contains a manoeuvre 1D, the station ID, position and
heading of the vehicle that needs to execute the manoeuvre, the manoeuvre path, and the automation state in which the
manoeuvre should be driven.

ETSI



49 ETSI TR 103 578 V2.1.1 (2024-04)

In the manoeuvre coordination concept A2, the Manoeuvre Advice Container is transmitted by special vehicles, such as
apolice car, to indicate nearby vehiclesto follow a given manoeuvre. In the concepts B1 and B2, the Manoeuvre Advice
Container is transmitted by a roadside unit with the objective to improve the driving safety and efficiency of nearby
vehicles. The vehicles for which a manoeuvre is specified in the Manoeuvre Advice Container respond by transmitting
periodically MCMs with a Vehicle Manoeuvre Container, which contains its reference trajectory and a category that
indicates their acceptance or decline of the received manoeuvre advice. If at |east one vehicle declines the manoeuvre
advice, the advised manoeuvres may be updated in subsequently transmitted Manoeuvre Advice Containers.

Representation of trajectories

Several formats for representing a trajectory could be imagined. One well-known variant isto use asimplelist of points
each consisting of a geographic location and a timestamp. However, this has several disadvantages especially for
manaceuvre coordination of vehicles. Oneisthat semantic information e.g. the occurrence of alane changeis not
explicit.

Therefore, adifferent format is suggested. Thisis based on the topology of the lanes around the vehicle. Each lane
defines a Frenet Coordinate System. The x-coordinate of the Frenet coordinate system follows the center line of the
lane. The y-coordinate gives the distance perpendicularly to the center line. The trgjectories are encoded by providing
the used Frenet systems (i.e. the used lanes) and a definition of the x/y coordinates within each frenet system/lane.

The definition of x/y coordinates uses polynomials. Using polynomials has several advantages, like (theoretical) infinite
accuracy and easy calculation of dynamic information by means of derivation, like velocity and acceleration. The
longitudinal part of the Frenet trgjectory is encoded as x(t). The lateral part asy(x).

Advantages of using Frenet coordinates based on lanes and polynomials are the following:
e  Availability of semantic information of the planned manoauvres, like lane-changes or turn mancauvres.
. Effective encoding of curved trgjectories (following a curved lane is the most often use case).
. Effective encoding of trajectories with high accuracy, also on longer distances.
. Robustness against localization errors, especially as regards heading and lateral displacement.

e A special case of polynomias are polynomials of Oth grade (which isapoint). So also lists of points are
supported if needed.

The final representation of a Frenet trgjectory contains:

e  Alistfor used Frenet systems/lanes. Theinitial Frenet system is defined by an absolute geographic position.
From thisinitial system, a description of the necessary changes defines the next Frenet systems. The following
isan example for getting an impression:

- Starting lane: most right of 3 at position lat/lon
- (lane change to left) new lane: second right of 3

- (very left lane disappears) new lane: very left of 2

- (entering intersection) new lane: very right of 1
- (leaving intersection) new lane: very right of 2, new heading 145°
- (end of trgjectory): position lat/lon

e  Aligtof trajectory segments for each Frenet system. A segment contains a polynomial for x(t) and a
polynomial for y(x).

To properly encode and decode Frenet trajectories, alocal map is necessary in each equipped I TS station. This could be
derived from a navigation map (e.g. that used for manoauvre planning) or also from a simple lane topology detected by a
local sensor (e.g. video camera). The receiver of aMCM needsto first match the description of the Frenet system to its
own map and is then able to convert the trajectory coordinates to its internal representation. The absolute position at the
end of the received trajectory allowsto check if the map matching was correct.

The process of matching requires some sort of flexibility. For instance, the location of alane topology change may not
beidentical for different maps and the position of the lane center, or the lanes width might differ.
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Using different maps in the sending and receiving I TS stations adds some inaccuracy to the interpretation of received
Frenet trajectories. On the other hand, this inaccuracy would nevertheless be part of the trgjectories, if it is assumed that
most manoauvre planers use some kind of map for their long-term planning (> 2 seconds). Since the semantic map
topology is part of the transmitted trajectory, the chanceis given to compensate the map differences at the receiver.

In some specia situations, such as on parking spaces, no lanes are available. For this case, an alternative description is
provided by using so called off-road points. Off-road points are geo-referenced points with timestamp, which can be
used in places where a Frenet trgjectory cannot be defined.

ASN.1 Description of MCM Format

MOM : : = SEQUENCE {
header |t sPduHeader,
ncm Manoeuvr eCoor di nati on

}
Manoeuvr eCoor di nati on :: = SEQUENCE {
generati onDel t aTi me Generati onDel t aTi e,
ncnCont ai ner McnCont ai ner
}
MenCont ai ner ::= CHO CE {
vehi cl eManoeuvr eCont ai ner Vehi cl eManoeuvr eCont ai ner,
manoeuvr eAdvi ceCont ai ner Manoeuvr eAdvi ceCont ai ner
}

Vehi cl eManoeuvr eCont ai ner: : = SEQUENCE {
current Poi nt MnStart Point,
nmcmlraj ectori es SEQUENCE S| ZE(1..16) OF Mcniraj ectory,
aut omati onSt at e McrmAut omati onSt at e OPTI ONAL

}
Menilr aj ectory :: = SEQUENCE {
trajectoryl D | NTEGER (0. .65535),
trajectory Trajectory,
categori es SEQUENCE S| ZE(1..4) OF McnCategory OPTI ONAL,
cost Cooper ati onCost
}
MenSt art Point @@= CHO CE {
i nt er medi at ePoi nt Ref erence | nt er medi at ePoi nt Ref er ence,
i ntermedi at ePoi nt O froad | nt er medi at ePoi nt O f r oad
}
MenCat egory :: = SEQUENCE {
type McnCat egoryType,
obj ect| D Stationl D OPTI ONAL,
referencedTraj ectoryl D | NTEGER (0..65535) OPTI ONAL
}
McnCat egor yType :: = | NTEGER {none(0), energency(1l), cooperationOfer(2), cooperationDecline(3),

cooper ati onAccept ance(4)}

McmAut onat i onState :: = SEQUENCE {
| ongi t udi nal Aut omat ed BOOLEAN,
| at er al Aut omat ed BOOLEAN

}
CooperationCost::= | NTEGER { zero(0), oneThousandth(1) } (-1000..1000)
Manoeuvr eAdvi ceCont ai ner ::= SEQUENCE( SI ZE(1..16)) OF Manoeuvre

Manoeuvr e: : = SEQUENCE {
manoeuvr el D | NTEGER (0. . 65535),
executant | D Stationl D,
execut ant Posi ti on ReferencePosition,
execut ant Headi ng Headi ng,
trajectory Trajectory,
aut omat i onAdvi ce McrmAut omat i onSt at e OPTI ONAL
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ASN.1 Description of Trajectory Format

Traj ectory:: = SEQUENCE {

i ntermedi at ePoi nts SEQUENCE Sl ZE(1..10) OF Internedi at ePoi nt,

| ongi t udi nal Posi ti ons SEQUENCE Sl ZE(1..11) OF Pol ynom
| ateral Positions SEQUENCE Sl ZE(1..11) OF Pol ynom
headi ngs SEQUENCE Sl ZE(1..11) OF Pol ynom OPTl ONAL

}
I nt er nedi at ePoint ::= CHO CE {
ref erence | nternedi at ePoi nt Ref er ence,
| ane I nt ernedi at ePoi nt Lane,
i ntersection |nternediatePointlntersection,
of froad | nt ermedi at ePoi nt O f r oad
}

Pol ynom : : = SEQUENCE {
coefficients SEQUENCE Sl ZE(1..6) OF Pol ynontCoefficient,
start Pol ynonStart X,
end Pol ynonEndX,
xOf fset Pol ynonXOf f set

}

I nt er medi at ePoi nt Ref er ence: : = SEQUENCE {
ref erencePosi ti on ReferencePosition,
r ef erenceHeadi ng Headi ng,
| ane Lane,
ti meOf Pos Ti neOr Pos

}

I nt er medi at ePoi nt Lane: : = SEQUENCE {
| ane Lane,
reason Reason,
ti mef Pos Ti meOr Pos

}

I nt er nedi at ePoi nt I ntersection:: = SEQUENCE {
exi t Lane SEQUENCE {
| anePosi ti on LanePosition,
| aneCount LaneCount
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b

exi t Headi ng Headi ng,

timetf PosEntry TinmeOfPos, -- tine on the trajectory when the intersection will be entered
ti metf Poskxit Ti neCf Pos -- time on the trajectory when the intersection will be | eaved

}

I nt er nedi at ePoi nt O f road: : = SEQUENCE {
ref erencePosi ti on ReferencePosition,
r ef erenceHeadi ng Headi ng,
ti meOf Pos Ti meOr Pos

}

Lane: : = SEQUENCE {
| anePosi ti on LanePositi on,

| aneCount LaneCount -- total nunber of |anes at the position
}
Pol ynonCoef ficient::= REAL
Pol ynonfStart X; : = | NTEGER (0..2097151) -- Unit: 0.001 neter or seconds
Pol ynonEndX: : = | NTEGER (0. .2097151) -- Unit: 0.001 neter or seconds
Pol ynonXOF f set : : = | NTEGER (- 8000000. . 8000000) -- Unit: 0.001 nmeter or seconds

-- Basic types
LaneCount:: = | NTEGER (1..16) -- Number of Lanes
Ti meOf Pos: : = | NTEGER( 0. . 65535) -- Unit: 0.01 seconds
Reason: : = ENUMERATED {
none(0),
| aneOpeni ng(1),

| aned osi ng(2),
| aneChange( 3)
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It could be possible to use, the predicted path of a CAM release 2 as reference trajectory rather than sending an MCM.
Then means should be taken so that all the reference trajectory information needed is part of the predicted path (which
may optionally contain dynamic information such as the vehicle heading and speed variations) and that the necessary
relation of request trajectoriesto the reference trajectory is still possible.

The current definition of PathPoint in CDD overlaps with the definition of trgjectory (see clause 3.1)
when the pathDeltaTime option is selected. The pathDeltaTime option enables the computation of vehicle

NOTE:

dynamic (heading and speed variations between two PathPoints).

A.3

French PAC V2X project proposal

The French PAC V2X (Perception Augmented via Cooperation V2X) project [i.2] has developed a proprietary MCM

(Manoeuvre Coordination Message) which has been validated through several use cases during the project.

Figure A.1 shows the structure and content of this message.

ITS Originating Position Manceuvre
PDU ITS-S Enhancement Coordination
Header Container Container Container
ITS Delta : ITS Delta .
Advised - f Advised
Station Reference | . 00000 | e == - Station Reference
D.1 Time Manoeuvre ID.N ime Manoeuvre

Figure A.1l: Structure and content of the MCM used in the French PAC V2X project

In PAC V2X, thisMCM is broadcasted by the roadside units (concept A or B).

The ITS PDU Header and the Originating I TS-S container respect the structure and content of other existing ETSI
standard messages.

The position enhancement container has been added to increase the accuracy of vehicles' positions from the Roadside
Unit.

The MCM is mainly provided by the Manoeuvre Coordination Container which contains:

. One sub-container by relevant ITS Station (subject and target vehicles) which are involved in the manoeuvre
coordination. Then each sub-container contains:

- The TS Station ID (ex: ID.1to ID. N) which is concerned by the advised manoeuvres.
- The delta reference time to be added to each way point of the proposed tra ectory.
- The list of waypoints that is recommended to the identified vehicle(s).

NOTE 1: Indeed, the succession of waypoints associated to the vehicle dynamic which can be calculated from time
information constitute the vehicle trajectory (seeits definition in clause 3.1).

The association of the deltatime to each identified waypoint enables to control the speed of each vehicle while
controlling its trgjectory. This approach is like the path prediction which is already considered in the VBS.

Some possible actions are anyway missing, for example:
e  Transit from ahuman driving mode to an automated mode.

° Transit from an automated mode to a human driven mode.
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o Follow-me, consisting, from the subject vehicle to follow a requesting vehicle (e.g. apolice vehicle, or aroad
operator vehicle authorized one) in case of necessity so forming a small platoon, the subject vehicle executing
the reference tragjectory of the leading vehicle with a prescribed minimum inter-distance.

. Trigger an emergency brake.

e  Activates your active lane keeping.

NOTE 2: A DENM signals an event but do not propose an action to avehicle. Only individual decided actions are
achieved.

Here, the multicast addressing mode at the level of the facilities layer is used, which means:
e TheMCM isbroadcasted and then received by all vehicles being in the ad hoc local area network of the RSU.

. The received MCM are forwarded to the facilities layer using the standard communication layers protocol of
the selected communication profile (here ITS-G5).

. The facilities layer checks the consistency, integrity and plausibility of the message and decides to processit or
not.

If the receiving ITS-Sisinthelist of theidentified ITS Stations in the manoeuvre coordination container, then the
ITS-S needs to process the received manoeuvre coordination data and decide if it executes them or not. If executed, this
will be automatically reflected in the next CAMs which can be considered as an acknowledgement from the identified
ITS Station. The execution of the planned manoeuvre is therefore indicated with a CAM at the time the planned
manoeuvre is prescribed by the Roadside unit. During the time between the reception of the MCM and the execution of
the manoeuvre, an acknowledgement is not explicitly sent.

If the receiving ITS-Sisnot in thelist of the identified stations in the Manoeuvre Coordination Container, this one may
till use the information for its own purpose as the proposed manoeuvre coordination could be also impacting it if being
in the neighbouring of relevant ITS-Stations.

Further aspects like security or misuse have not been investigated in this project proposal.

A.4  German IMAGINE project proposal

The cooperation protocol designed in the IMAGINE research project [i.3] is based on periodic transmission of
trajectories with cost values via V2X communication. The trajectories represent possible driving paths for the
considered vehicle with a time horizon about 30 secondsin the future. The trajectory costs C express how favourable
the trajectory is for the ego vehicle and they allow the relative prioritization of the transmitted trajectories. The
following types of tragjectories are considered:

. Reference trajectory: corresponds to the target trajectory being currently driven by the vehicle. Reference
trajectories of all cooperating vehicles remain collision free and potential collisions are solved according to the
traffic rules. The reference trajectory cost indicates the extent of the ego-vehicle's necessity for cooperation
(when C > 0) or its willingness to cooperate with other vehicles (when C < 0). A cost C = 0 indicates that the
vehicle neither islooking for cooperation nor it is able to cooperate with other vehicles.

e  Alternative trajectory: represents a cooperation offer from the ego-vehicle to another vehicle (i.e. atrgectory
that the vehicle would be ready to drive to improve another vehicle's situation). The cost of an aternative
trajectory is higher that the reference trgjectory cost.

. Requested trajectory: express that the ego-vehicle is willing to cooperate with another vehicle to achieve its
objective. Its cost is lower that the reference trajectory cost.
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These tragjectories are exchanged periodically among nearby vehicles via V2X communication in Manoeuvre
Coordination Messages (MCM). An MCM format specified in IMAGINnE contains mainly three containers (see

Table A.1 for details). First the message header includes basic message information such asits generation time or the
current vehicle automation state, which indicates whether the vehicleis currently driving in automated mode
longitudinally, laterally, or both. The second container indicates the vehicle current position in WGS84 format,
including its lane in the case of a multi-lane road. Last, atrgjectory list includes areference trgjectory, 0 to N aternative
trajectories and 0 to M requested trajectories. In other words, the MCM aways contains the vehicle current trgjectory,
optionally followed by at least one possible cooperation offer (alternative tragjectory) or cooperation petition (requested
trajectory) for other vehicles. All trgectories have a common format, consisting of a unique trgjectory ID, the path of
the vehicle (position and heading) relative to its lane over time, information on road topology changes, the trajectory
cost value, and an optimal category to signalize special cases, such a high-priority trajectory sent by an emergency
vehicle.

Table A.1: Format of the Manoeuvre Coordination Message proposed by the IMAGInE project

Container Description Data Fields
Header Basic message information e ITS PDU Header, protocol version, message ID and station

ID

Message presentation time

Vehicle automation state

Reference position (WGS84, with confidence ellipse)

Current lane position

Trajectory ID

Trajectory course (vehicle position reference to lane over

time)

e Changes in road topology (e.g. number of lanes
intersection)

e Category (optional e.g. cooperation offer, or decline for a
specific vehicle)

Current position | Position of the sending vehicle

Trajectories List of MCM trajectories

A.5  European TransAlD project proposal

The TransAlID proposal for MCM supports the coordination of manoeuvres between cooperative automated vehicles, as
well as the transmission of suggestions from the infrastructure for the coordination of these vehicles, in such away to
increase the overall traffic safety and efficiency. Figure A.2 shows the proposed structure and content for the MCM
which contains different containers for vehicles and RSUs.

Its PduHeader
GenerationDelta Time

BasicContainer (RefPos + Station Type)

c
2
=1
= 2|
§ ‘g % ManceuvreContainer = VehicleManoeuvreContainer
3 E CHOICE
o é_‘i [vehicleManoeuvre
3|s OR
§ '§ RsuManoeuvre]
s

RsuManoeuvreContainer

Figure A.2: Structure and content of the MCM used in the TransAID project
The MCMs transmitted by vehicles include a V ehicleManoeuvreContai ner (see Figure A.3), which mainly includes the

vehicle planned and/or desired tragjectory, the vehicle dynamics, information about transitions of control and an
acknowledgement of received advice.
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Planned trajectory
Desired trajectory
MinDistance (ahead, behind)
MinTimeHeadway (ahead, behind)
TargetAutomationLevel
TriggerTime (ToC, MRM)

Vehicle size and dynamics (speed, acceleration, heading.etc)

Advice ID

Vehicle advice list
Vehicle advice

Advice followed

Figure A.3: Structure and content of the VehicleManoeuvreContainer used
in the TransAID project

The MCM transmitted by vehicles include an RsuSuggestedM anoeuvreContainer (see Figure A.4), which includes a
manoeuvre advice for a connected automated vehicle. This suggestion can be related to a target driving lane, following
a specific vehicle, schedule atransition of control toward the human driver or changing lane to occupy a safe spot.

5 O R S |

vAandCamnnn tvnfavanan n |

targetStationID

adviceStatus

LaneAdvice

CarFollowingAdvice

Vehicle advice list
Vehicle advice

TocAdvice

~r o~ ea

HluSuggestedManoeuvred m n

Figure A.4: Structure and content of the RsuSuggestedManoeuvreContainer used
in the TransAID project

A.6  SAE J3186 Maneuver Sharing and Coordination
Service

SAE developed and published afirst version of the J3186 [i.5] standard which is also considering a manoeuvre sharing
and coordinating service.

This SAE initial versionislimited to V2V cooperation but could evolve toward other types of ITS-S cooperations as
currently considered in ETSI.

In SAE J3186 [i.5], the roles of a service session initiator and participants are defined as Host V ehicles respectively,
and the roles regarding performing the intended manoeuvre or only needing responses are defined as Executant
Vehicles and Affected Vehicles respectively.

In addition, in SAE J3186 [i.5] a manoeuvre is described as one or more sub-manoeuvres, and each sub-manoeuvreis
described with the ID of Executant Vehicle, IDs of Affected Vehicles, current state data of Executant Vehicle, Traget
Road Resource, Temporal characteristics, and kinematic characteristics.
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Unlike the present document introduced only the traj ectory-based description for the geographical characteristics of a
manoeuvre, SAE J3186 [i.5] adopted three ways for describing the geographical characteristics of a manoeuvre with a
message field named TRR (Traget Road Resource). The TRR can be one of the three different types where the Type 1
represents a box-shaped area expressed by mainly positioning attribute, the Type 2 represents a box-shaped area
expressed by mainly one or two vehicles surrounding the area, and Type 3 represents a trajectory-based area.

These differences will be considered by the Technical Specification work following the present document in ETSI, and
more generally by both organizations during their standardization harmonization attempt.
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Annex B:
Examples of an applications pipeline using the MCS

The Manoeuvre Coordination Service is mainly used to collectively coordinate manoeuvres between several human
driven and partly/fully automated vehicles whatever the environmental context in which these vehicles move. The
knowledge of the environmental context may support a decision to use or not the MCS.

EXAMPLE: If the context istoo complex or risky (e.g. adverse weather conditions, high density of vulnerable
road suers, chaotic traffic, etc.) the MCS will not be triggered restricting temporarily the
possibility of a collective action.

Including Vulnerable Road Users (VRUS) in this context increases the complexity of the overall system due to the
diversity of humans behaviours related to their types and associated risk factors.

When a subject vehicle needs to change its motion dynamic (trajectory and/or velocity), this one can only do it in the
respect of the traffic code and considering the environmental context in which it is moving. The main environmental
context factors are:

e  Thehuman factors (e.g. density, types, crowd behaviour, etc.).

. The meteorologic factors (visibility and stability).

e  Thetraffic factors (fluid, chaotic, jam, etc.).

e  Thetechnical factors (loss of technical capabilities such as perception or communication).

In addition to the environmental context, each neighbouring object (static and mobile) needs to be perceived by the
subject vehicle in each time so that a manoeuvre can be safely completed. For perceived mobile objects, the prediction
of their motion dynamics needs to be done considering the environmental context in which they are moving.

In summary, the environmental complexity and uncertainty (stochastic aspect) are favourable to the use of Artificial
Intelligence particularly to avoid collision when vehicles manoeuvres are judged necessary.

Figure B.1 shows a possible use of Al for callision risk analysisin the considered applications pipeline.

AUTONOMOUS PERCEPTION WORKING SPACE COLLISION RISK ANALYSIS SAFETY ACTIONS

Contextual TTC Collision
mh | ALiacel Network Level -

- UU]E\-I.D

| oata | 1 / 1

hd

1+ =
2 ectn-r ﬁ ollective Vehicle Control
— COM System Navigation Action %
t I - L ‘
L - e B

Outcome |
Impact Emergency Call &
No action Confort action Emergency  Reduction Capitalization

PERCEPTION ATTENTION Pré-Crash
| | l Time

< |_4 Seconds

TTC (Time To Collision)i

Figure B.1: Collision avoidance application pipeline and its outcome
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Manoeuvres are necessary for a vehicle navigation on the road infrastructure along a selected itinerary enabling it to
travel from an origin to a destination. An automated vehicle knows the succession of waypointsit will have to pass
through to reach its destination except in the case of unexpected road hazard which may disturb its selected itinerary.
Manoeuvres are also necessary to satisfy objectivesin terms of comfort, delays, respect of the environment and so forth.
Asshownin Figure B.1, it is hecessary to collect two types of data:

Contextual data:

. Road infrastructure data - Topology of the road, number of lanes, local traffic regulations...etc. which are part
of the ODD and are signalled by horizontal marking and vertical signing.

e  Technicad ITS capabilities data- Mainly the perception, communication and processing capabilities of the ITS
and the distribution of these capabilitiesin the 4 functional categories. Of course, it is necessary to know the
state of the ITS in terms of availability of all expected capabilities (functional safety).

e  Traffic data- Classification of the traffic situation, impacting the velocity of road users (vehicles and VRUS).
For example, this could be represented by changing speed limitations in school zones over holiday periods.

. Meteorological data- Which can be severely impacting the road infrastructure availability (flooding, fires,
etc.) but also the visibility or stability of road users.

. Human factors data - An overall state of the density and safety risk of the road users which are present in the
area. The traffic situation as the meteorol ogic state may of course impact the human factors.

Objectsdata:

There are static and dynamic objects on the road. The position of static object is only meaningful when interacting with
the trajectory of a mobile object. Data relevant to objects are:

e  Thetype of object, its dimension/coverage (shape).

e  Theposition of the object (reference point) and the position accuracy.

. When the object is mobile (vehicle, VRU), its trajectory (succession of positions), its velocity and stability.
e  When the object is mobile, the predictability of its motion dynamic.

For the collision risk analysis function, two set of data are required to be able to anticipate a collision (detect arisk) and
generate actions to avoid it:

e  Theevidence data set which provides real data elements collected in real time.

e  The prediction data set which provides anticipated data elements for a predefined time in the future. This
anticipation depends on the knowledge of the situation and its evolution (evolution of the context and
evolution of the motion dynamic of the relevant mobile objects).

The data are collected according to a sampling period which currently could be between 100 milliseconds and 1 second
depending on the implemented technology capabilities. This periodicity is necessary at the level of mobile object data
(highly dynamic) whileit could be less for contextual data.

NOTE: Itisexpected in the future that the technology will enable a higher sampling period to better analyse the
dynamic of vehicles (for example, a vehicle running at 100 km/hour travels almost 3 metersin
100 milliseconds).

A comparison between the Evidence data set and the Prediction data set can be made to verify if the predictions are
corresponding to the reality (measure of the errors). If the error is judged too important, the neuronal synaptic weights
can be corrected accordingly (retro-propagation of the error gradient). For that an activation function can be used

(e.0. the normal (gaussian) law with an adjustment of the mean and standard deviation for reducing the error).
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The outcome of the collision risk analysis function isfirstly an overall safety situation related to the ego object
(collision avoidable, possible precrash mitigation, crashed with an identified kinetic energy level estimation). Then, this
overall situation can be decomposed into one or severa collision risks between the ego object and other objectsin its
vicinity. This decomposition may also indicate if other release 2 cooperative vehicles could be used either to avoid a
collision when starting a new manoeuvre or to mitigate an identified collision by initiating precrash mitigation actions at
the level of release 2 cooperative vehicles which could be impacted by the predicted collision.

The outcome of the collision risk analysis function is aso the possibility to build a knowledge base to identify more
precisely the cause of accidents (black box) and to improve the system capabilities to better predict the motion dynamic
evolutions of road users (vulnerability profiles of vehicles' drivers and VRUS).
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