INTERNATIONAL
STANDARD

ISO
4272

First edition
2022-09

Intelligent transport systems —
Truck platooning systems (TPS
— Functional and operational

requirements

o

Systemes de transport intelligénts — Systémes de convois de camions

(TPS) — Exigences fonctionnelles et opérationnelles

Reference number
1SO 4272:2022(E)

© IS0 2022


https://standardsiso.com/api/?name=fb94635de7574d1210f7ef753267ac6b

ISO 4272:2022(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2022

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

ii © 1S0 2022 - All rights reserved


https://www.iso.org
https://standardsiso.com/api/?name=fb94635de7574d1210f7ef753267ac6b

ISO 4272:2022(E)

Contents Page
FFOT@WOTM.........ccccccovvevee e85 5558558555585 \%
IIMETOUCTION ...t 85558 vi
1 SCOPI@ ... 1
2 NOFMATIVE FEEET@IMCES ... 1
3 Terms and defiMITIONS ... 1
4 Symbols and abbreviated terms..
4.1 ADDTEVIATEU TETTILS ...ttt
5 Types of truck platooning SYSteIMIS. ... o Mo
5.1 Top-down-managed platooning
5.1.1 LV-managed platooning......ssseedeodoersessen
5.1.2 BO-and LV-managed platooning............gbpoiicic o 5
5.2 L2130 T 0 1Y)l 0] P U010 0 0 OSSR = AR ER 5
6 Types of truck platoon formation
6.1 OVErVIEW ..o
6.2 Formation on the motorway
6.2. 1 GENETAL .oy
6.2.2 Ad-hoc platoon formation on the motorway.....
6.2.3 Planned platoon formation on the moterway....
6.3  Formation at the staging area ...t
6.3.1 Ad-hoc platoon formation at the:staging area........
6.3.2 Planned platoon formation at the staging area
7 Operation State diaGIraml........a oo e 6
7.1 GEINET AL e 6
7.2 Operation state diagram of‘platooning 0perations ... e 6
8 Platooning operation control function (POCF)
8.1 GENETAL.ooooo s B
8.2
S S N 1= e
8.4 O P @I ATION ... e 557
8.4.1 Joipoperation
8.4.2  L€AVE OPEIATION ...oooiiiiiiiciciie st
8.5 REQUITEITIEIITS .....ooociie et
8.5.14/~Join requirements.......
8:5¢2° Leave requirements
9 Platooning manoeuvre control function (PMCF) ... o 11
91 GEIET AL .
9.2 ) o) s Ve kuBTe bR o Y=Y Te) oL o) O
9.3 Lateral control ...
9.4 Longitudinal control operations
9.4.1 Join manoeuvre....
9.4.2 Cruising operation
9.4.3 Leave manoeuvre.....
.44 CUL-IN OP@TATION oot
0.4.5  CUL-OUL OPEIATION ..o s s
9.5 Lateral control operations
9.5.1 Cruising (in-lane) operation
ST/ UF: Vo U od o =X 0= 0] 013 o= 10 0 ) o U
9.6 Longitudinal control requirements.............
9.6.1 Join manoeuvre requirements
9.6.2  CruiSING FEQUITEIMIEIIETS ....ooocccieiiiiniieiieeses e
9.6.3 Leave ManoeuVIe FeQUITEIMIEINES ... 17

© 1S0 2022 - All rights reserved iii


https://standardsiso.com/api/?name=fb94635de7574d1210f7ef753267ac6b

ISO 4272:2022(E)

9.7

9.6.4 Cut-inrequirements................
9.6.5 Cut-outrequirements.............
Lateral control requirements
9.7.1  CruiSiNgG F@QUITEIMIEIIETS ....oooi oot 18
9.7.2  Lane change reqUITEIMENTS. ... ..ot 18

10 Communication dAta (V2V/V2I) ...t et

10.1
10.2
10.3

General. ...
Requirements of communication......
Communication data
10.3.1 General ...,
10.3.2 Communication data for PMM

11 Func
11.1
11.2

Annex A (inf

10.3.3 Communication data fOr PCM ... L)

fional evaluation teSt method ... oo oo 23
Evaluation test conditions
Evaluation test method.............ccccccccoccccnn.

11.2.1 General ..o,

11.2.2 Join eValuation teST. ... oo

11.2.3 Leave evValuation teSt. ..o Ao

11.2.4 Cruising evaluation test

11.2.5 Cut-in eValuation ST ........coooooioeooeeeeeeeeeseccoeessseeees et

11.2.6  Cut-0Ut @ValUation ST ...t oo

ormative) Use cases of POCF

Annex B (informative) Use cases Of PMCF ... oS s 37
BIDLHIOZIAPIY ... b 42
iv © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=fb94635de7574d1210f7ef753267ac6b

ISO 42

Foreword

72:2022(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for i irther ma
descrjbed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriam
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Introduction

A truck platoon is a vehicle string in which multiple vehicles are driving under coordinated longitudinal

and possible

lateral control.

Truck platooning is beneficial for the transportation industry because it can improve the operational
efficiency of motorway transportation, improve safety and reduce the energy consumption of truck
operation, as well as improving drivers' working environment and reducing workload. In addition,
truck platooning improves the road capacity and efficiency for overall traffic.

The truck platooning system consists of a platooning control system and optionally a back office (BO)

as shown in ]

operations.

The platoon
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Figure 1. Information from the back office can be helpful and effective for planningpl

ng control system controls the processes by which vehicles join or leaye .the pl
oeuvring of the platoon under coordinated longitudinal vehicle contrpl ‘'strategies
ve adaptive cruise control (CACC). Each vehicle has vehicle-to-vehicle (V2V) ove]
cation to exchange information with the other vehicles in the plateon and recog
fion in a platoon. Each vehicle controls its own motions in a platoon based on thg
[m sensors such as radar, lidar and camera, and the data received from the over-t
on.

itooning system may include a back office infrastructurésystem to support the plato
m. BO functions can include platooning demand matching, and platooning formatio
nnagement. Platooning demand matching covers_forming requests, matching req
ement and charge/payment of platoon from operators such as shippers and fleet oper
rmation and operation management may issue notifications about the acceptance/r

limitations on the platooning.

anoeuvre control function controlsiinteractions within the platoon.

nt provides the common base needed for platooning system development. It also sup
duction of the platooning.system and assists in accelerating the deployment of

atoon
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Key

1  Dbhack office a  Join.

2 platoon (steady state) b Leave.

3  platooning control system ¢ Vehicle to infrastructure (V2I) commuhication.
4  platooning manoeuvre control function d  Vehicle to vehiclé\(V2V) communicatidn.

5 platooning operation control function

Figure 1 — Overall architecture of the truck'platooning system (TPS)
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Intelligent transport systems — Truck platooning systems
(TPS) — Functional and operational requirements

1 Scope

This document deflnes the terms and definitions related to truck platoonlng systems (TPS), and the
e i omain functions:
'rol function

OTE PMCF makes reference to current International Standards, such as ISO 20035, IFO 11270 and
I§0 21717, where appropriate.

— fiyinctional evaluation test methods for POCF and PMCF.
This document also describes:

— the datato be communicated for POCF and PMCFEin'vehicle to vehicle (V2V) messages and optionally
im vehicle to infrastructure (V2I) messages, ineluding local roadside and broader netwqrk and cloud;

— strategies for forming platoons, such as:ad*hoc or planned formation, and types of tru¢k platooning
systems, such as top-down management and peer-to-peer.

This document covers:

latooning of heavy goodsehicles of multiple brands and fleets, operated by on-bpard drivers.
ight trucks, buses and passenger cars are excluded;

i)

— lgvel 1 and 2 driving‘automation systems, which provide driver support and operate under the
cpntinuous superyision of the drivers.

The fiinctions and/epérations of the back office (BO) are out of scope of this document.

2 Normative references

The fpllowing documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 21202, Intelligent transport systems — Partially automated lane change systems (PALS) — Functional/
operational requirements and test procedures

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

©1S0 2022 - All rights reserved 1
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— IEC Electropedia: available at https://www.electropedia.org/

31
platoon
vehicle formation with a common platoon ID and sequence of participants

3.2

platooning

operation of a platoon in which multiple vehicles are driving under coordinated longitudinal control
and possibly lateral control

Note 1 to entry: Each vehicle uses forward-vehicle detection by on-board sensors and vehicle to vehicle (V2V)

over-the-air gommunication to exchange information needed to execute the coordinated longitudinal, dontrol
with the other vehicles in the platoon (see Figure 2).
a a a
) P O . \c'oV
1 5 2 3 a3 S 4
5 &
Key
Key
2 Vehicle tq vehicle (V2V) communication. 3 following vehicle (FV)
1 potential Jeading vehicle (PLV) 4 -potential following vehicle (PFV)
2 leading v¢hicle (LV) 5~, other vehicle (OV)
Figure 2 — Platooning formation
3.3
leading vehicle
first vehicle {n a platoon
3.4
following vedhicle
vehicle operpting in a_platoon behind the leading vehicle and connected using vehicle to vghicle
communicatjon
3.5

other vehic
vehicle that ici i i ioms, by

performing emergency braking or a cut-in manoeuvre, for example

3.6

potential leading vehicle

vehicle that is not currently in a platoon but is in a position enabling it to potentially become the leading
vehicle in the future or a former leading vehicle after leaving the platoon

3.7

potential following vehicle

vehicle that is not currently in a platoon but is in a position enabling it to potentially become the
following vehicle in the future or a former following vehicle after leaving the platoon

2 © IS0 2022 - All rights reserved
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transition by which one or more vehicle(s) become(s) member(s) of a platoon

3.9
leave

transition by which one or more vehicle(s) separate(s) from its current platoon

3.10

platooning control system
system for operating the platooning operation control function and the platooning manoeuvre control

funct

onin a platoon,including the potential leading vehicle and potential following vehicl

3.11

platopning operation control function

funct

3.12

platoon management message

vehic

information relevant to the platooning operation control function

3.13

platopning manoeuvre control function

funct
such

3.14

on to manage the transitions of vehicles in and out of platoon membership

e to vehicle communication or vehicle to infrastructure communication message th

on to manage the continuous operations of platoon ¥ehicles, including responses
is cut-in and cut-out

plato

vehicle to vehicle communication message that transmits information relevant to th
manoeuvre control function

3.15

vehidle to infrastructure communication

n control message

at transmits

to situations

e platooning

comnpunication between vehicle and devices such as a roadside unit of infrastructure or mobile phone

base s

3.16
back
infrag
start

shipp

3.17
time
time

tation, but excluding vehicles

office
tructure systemrto-Support platoon operation, such as platoon planning and demang
the platoon, and)route management and the charge/payment process from the oper4
ers and fleef\Qperators

Bap
heeded to travel a distance equal to the clearance gap between the rear surface of t

matching to
tors, such as

he preceding

vehic

S 4 £ pa | wfo 4 £o11 i Lol £+l £ Lol B |
CamU rCToOT waT O SuT Tat T OT tIICTOTTO W TITS vV C T C TC a e e CaT T I v CTICTC- S P et

Note 1 to entry: This value is calculated as c/v, where v is the vehicle speed of the following vehicle and c is the

cleara

3.18

nce between the head of the following vehicle and the tail of the leading vehicle.

heavy goods vehicle
truck with a gross combination mass (GCM) over 3 500 kg. which is considered as a vehicle according to
categories N2 and N3 of WP.29 TRANS/WP.29/78/Rev.6

Note 1 to entry: See Reference [14].
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4 Symbols and abbreviated terms

4.1 Abbreviated terms

ACC adaptive cruise control

BO back office

cc cruise control

CACC cooperative adaptive cruise control

FV following vehicle

GCM dross combination mass

LKAS lpne keeping assistance systems

LV lpading vehicle

ov dther vehicle

PADS Partially automated in-lane driving systems
PALS Partially automated lane change systems
PCM Blatoon control message

PCS #latooning control system

PFV potential following vehicle

PLV Potential leading vehicle

PMCF #latooning manoeuvre control function
PMM B#latoon management message

POCF Blatooning operation-ecentrol function
V2I yehicle to infrastructure/infrastructure to vehicle
V2v yehicle tovehicle

5 Types pftruck platooning systems

5.1 Top-down-managed platooning

The top-down managed platooning type is managed by the LV via V2V communication or optionally
is managed by the BO via V21 communication to optimize platoon operations and recommend vehicle
sequence, platooning speed, time gap, etc.

5.1.1 LV-managed platooning

The LV-managed platooning type is managed by the LV. The LV or its driver selects the speed and
maximum number of vehicles in the platoon. The LV or its driver may inform the FV drivers about the
recommended minimum time gap for FVs.

POCF such as "join" and "leave" may be triggered by FV drivers. Final permission to join is provided by
the LV.

4 © IS0 2022 - All rights reserved
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5.1.2 BO- and LV-managed platooning

The BO and LV perform the platoon management. Under management by the BO, the LV or its driver
selects the speed and number of vehicles in the platoon. The LV or its driver may inform the FV drivers
about the recommended minimum time gap for FVs and may make lane changing decisions under the
management by the BO.

POCF such as "join" and "leave" may be triggered by FV drivers. Final permission to join is provided by
the LV based on BO planning. The LV or BO may provide instructions for the "leave" operation.

5.2 Peer-to-peer platooning

Peer-fo-peer platooning management operates based on peer-to-peer relationships afidng all of the
vehicles in a platoon. All vehicles have equal status and none of them are governing(@ther vehicles. All
FVs individually control their speed (and optionally steering) to follow the LV or preceding FV and all
drivefs may choose their preferred gap settings.

6 Types of truck platoon formation

6.1 |Overview

Wher] a platoon is formed, different locations and types of forimation are applied based ¢n one of the
stratggies described in the following subclauses.

Platopn formation is the process in which it is determinéd if vehicles may become part of g platoon.

Platopn formation is the coordination of candidate vehicles which form the platoon [in a defined
strucfure.

Platopn formation may be done on the motorway during driving or at the staging area before entering
the mlotorway.

Platopn formation may be done on an ad-hoc basis (that is, not planned) or planned in advance.

Platopn formation is completedte-become a cruising operation after the join manoeuvre.
6.2 |Formation on the'motorway

6.2.1| General

In cage of formation on the motorway, V2V and optionally V2I are used to search for other candidate
vehicles.

6.2.2| CAd-hoc platoon formation on the motorway

Any vehicle or platoon which is capable of platooning searches for other similarly capable vehicles or
platoons via V2V communications, and starts the join operation to form a new platoon. Optionally, V2I
communications may be used to identify the availability of other eligible vehicles to join the ad-hoc
platoon within the available effective communication range. The communication range covers the same
motorway as well as the access ramps and at the interchanges.

6.2.3 Planned platoon formation on the motorway

In case of planned formation on the motorway, the BO coordinates potential platooning participants via
V2I communication and manages speeds and routes to the meeting point of vehicles.

Platoon candidates (PLV and PFV) communicate with each other via V2V communications and join the
platoon on the motorway.

© IS0 2022 - All rights reserved 5
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Platoon candidates can receive instructions from the BO via V21 communications for platoon formation
to allow the start of the "join" procedure with the platoon.

6.3 Formation at the staging area

6.3.1 Ad-hoc platoon formation at the staging area

Any vehicle or platoon which is capable of platooning searches for other similarly capable vehicles or
platoons via V2V and optionally V2I communications within the available communication range and
an ad-hoc platoon "join" operation is started at the staging area before entering the motorway. Each

vehicle may
area in adva

In case of pl3
via V2I comn

Platoon cand
"join" proced

Platoon cand

hunication.

idates can receive instructions from the BO for platoon formatipn.te allow the start
ure with the platoon at the staging area.

the staging

Platoon for
Vehicles can
BO.

7 Operation state diagram

7.1 Gener

The truck pl
turns on the
completed, t
When the "I
leaves the pl

7.2 Opera
A state diagn
POCF and PM

1

idates communicate via V2V communications and the "join/"operation is implemen
ea.

tion may be achieved and completed at the staging area before initiating the
configure the sequence in platoon at the staging-drea based on the instructions fro

al

atooning system is under eperation when the PCS turns on (PCS ON). When the v
PCS, the "join" operation ¢an be implemented as a POCF. After the "join" manoeu
he platooning state is‘implemented and continues under various manoeuvre cof
ave" notification js\transmitted, the "leave" operation is implemented and the v
itoon and turns off the PCS (PCS OFF).

tion state diagram of platooning operations
am of platooning operations is shown in Figure 3.

[CF operations are described in Clauses 8 and 9.

start in sequence of platoon when they enter the motorway, or may move to the staging
fice and park in sequence of platoon before entering motorway.
6.3.2 Planned platoon formation at the staging area

nned formation at the staging area, the BO coordinates potential platoéning participants

of the

ted at

drive.
m the

chicle
vre is
trols.
ehicle
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PCS OFF L~

— c
/ PCS ON \
(" Platooning
Join Leave
|| lLongitudinalcontrol(9.4) [ | " \
I I
4
Join i Join Cruisi Cut-in Cut-out Leave i Leave
operation |'| manoeuvre (I;)uflzr;g response response manoueuvre [ | operation
84.1) || (941 - (9.4.4) (9.4.5) 943) || (842
\ . 7
______________ ::::::::]::fi_:,ﬂ:’,_:‘_:‘_;:_':_l:(a:c_i:::::::______ T T T T T T T T
(
Cruising (in-lane) Lane change
(9.5.1) (9.5.2)
N —_— g Y,
a2 ]din complete.
b Lgave notification.
¢ Leave complete.
Figure 3 — Operation state diagram
8 Platooning operation control function\(POCF)
8.1 |General
In thg PCS, there are two modes of transition: "join" and "leave". Both transition modes arg operated by
the POCF which controls the change in miembership status of the platoon.
8.2 (Join
In the platooning operatien, a platoon ID is provided for a new platoon and a sequential number of
parti¢ipant vehicles are Confirmed to be a platoon. Joins may be achieved between any combination of
individual vehicles and-platoons in the leading and following positions. The join transition|can be made
withip a lane during.driving or at a staging area, such as a parking site.
Normally, the~RLV becomes LV and the PFV becomes FV in a platoon. In some sithations, V2V
comnpunicatien’and/or V21 communication with BO may adjust the sequence of PLV and PFV to make a
suitable platoon during this transition.
Use caseexamples-eofjoin—transitionsare-showninAnnexA
The typical operation flow of "join" transitions is shown in Figure 4.
©1S0 2022 - All rights reserved 7
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PLV/LV PFV

——>| Formation plan I————>———>I Formation plan I————»

A4

Join response: No

Join request

A

»
»

|

I

|

I

|

I

|

I

|

|
BO No Join response
f

|

I

|

I

|
(.

Yes/No? Accepted?
Yes :
Join response: Yes Joirt
[ Join completion fe-———je~—{ Join completion_f+—- -
LV FV

— Join requpst: Request for platoon formation or addition to an existing platoon.
— Join resppnse: Response to the request for platoon formatjonor addition to the existing platoon.

— Dotted b¢xes and lines represent the optional operationsiand information flows.

Figure 4 — Typical operation.flow diagram of the "join" transition

8.3 Leave

In the platoohing operation, the mestbasic "leave" transition is achieved when the LV and FV(s) separate
from each other and become PI¥-and PFV. In multiple-vehicle platoons, any individual vehicle or group
of vehicles may leave. The leave transition can be made while driving or at a staging area, such as a
parking site.

Use case examples of leave" transitions are shown in Annex A.

The typical dperation flow of "leave" transitions is shown in Figure 5.

8 © IS0 2022 - All rights reserved
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BO LV FV
[
L
| T ) : N
— Leave instruction - - -7 _ N
: Leave instruction I_ ____________ -

Leave notification

Leave

PLV PFV

Leave instruction: Instruction to leave the platoon or of platoon dissolution.
Leave notification: Notification of intention to leave the platoon.
Djotted boxes and lines represent the optional operations aridiinformation flows.

Figure 5 — Typical operation flow diagram of leave

Operation

The "join" operation is achievedswhen PFV searches PLV or LV to form a platoon and fipally the PLV
becorpes LV and the PFV beconies FV in a platoon. A "join" operation may also be achieved pbetween any

combjnation of individual yehicles and platoons in the leading or following positions.

The "[join" operation may/also be achieved based on information such as a formation plan provided
from [BO or it may be\achieved by ad-hoc actions of the PLV and PFV and their drivers. The following

steps|describe the}join" operation.

1y

2)

3)
4)

5)

6)

A PFV which'intends to join and to become a platoon member transmits "join request” to the PLV
(or LVifthe platoon already exists). In case of formation on the motorway, the PFV is|travelling in
the same direction on the same motorway and is behind the PLV or LV.

The PLV or LV which receives the "join request” judges whether the PFV is eligible to join (i.e.
platoon has not reached its maximum size and PFV is properly equipped).

If the PFV is eligible to join, the PLV or LV transmits "join response: yes" to the PFV.

When the PFV receives "join response: yes", it starts the join manoeuvre to the PLV or last FV in
existing platoon and becomes a platoon member.

If the PFV is not eligible to join, "join response: yes" is not transmitted and “join response: no” is
transmitted by the PLV, LV or last FV. In this case, the PFV is not accepted to join and does not start
the join manoeuvre.

If the PLV or LV refuses to accept a join request from an eligible PFV based on reasons such as the
PLV or LV is leaving motorway soon, the PLV or LV transmits "join response: no" to notify the PFV
that the join is not possible.

©1S0 2022 - All rights reserved 9
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7) After completion of the join manoeuvre, the PFV notifies the PLV or LV of the join completion and
the PLV or LV may also inform the BO of the join completion.

8.4.2 Leave operation

The "leave" operation is achieved when the LV and FV separate from each other and become PLV and
PFV. In platoons with three or more vehicles, any individual vehicle or group of vehicles can leave and
becomes a PLV, PFV or a shorter platoon. The following steps describe the "leave" operation.

1) The FV which intends to leave from a platoon transmits "leave notification" to the LV.

2) After the_transmission of "leave notification" the FV starts the leave manoenvre and separates
from a platoon, becoming a PFV.

3) When thle FV needs to be separated from a top-down managed platoon, "leave instructions" may be
sent frorp the LV to FV, or from the BO to LV and/or FV.

4) When the FV or LV receives "leave instructions” or the FV intends to leave a topdown mahaged
platoon,[the FV transmits "leave notification" and starts the leave manoeuvre.

5) After completion of the leave manoeuvre, when the LV receives a "leave completion” notifi¢ation
from thg FV of a top-down managed platoon, it may inform the BO ofthe-leave completion.

8.5 Requirements
8.5.1 Joinjrequirements

8.5.1.1 Geperal

The following are the requirements for the vehicles.dtthe join process.

8.5.1.2 Join request

1) Avehiclg thatintends to join with another vehicle or another platoon shall transmit a "join request”.

2) In the cpse of a top-down managed platooning type, the "join request" shall contain vghicle
performpnce information, which is described in 10.3.1, about the vehicle(s) that intend(s) to j¢in.

—

8.5.1.3 ]oi|[ response

1) The vehicle or platopnr which accepts the join request shall transmit "join response: yes". In cpse of
refusal tp accept@ join request, "join response: no" shall be transmitted.

2) The "join response" shall contain "platoon management information" which is needed to operate
platoonipg:

NOTE "Platoon management information" includes platoon ID, maximum number of vehicles in the
platoon, vehicle sequence in platoon, etc. See 10.3.1.

3) The "join response" shall contain the vehicle performance information of the platoon member
which is just in front of the joined vehicle.

8.5.1.4 Join completion

After completion of the "join" manoeuvre, the new FV or LV of the platoon may report the join completion
to the BO.
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8.5.2 Leave requirements

8.5.2.1 General

The following are the requirements for the vehicles in the leave process.

8.5.2.2 Leave notification

1) A platoon member or a part of platoon who intend(s) to leave the platoon shall transmit "leave
notification". "Leave notification”" may be initiated automatically by the driver’s take-over of
manual driving operation or may also be initiated by another driver action (e.g. platooning mode

op/ott switch).

2) e driver or PCS of the vehicle that intends to leave may implement the leaveoperation in the
following situations. However, the specific periods and distances mentioned below arenot specified
inn this document.

—+ OV cut-in situation continues longer than a certain time.

— The distance to the preceding vehicle in the platoon becomes/longer than a certaiI distance.

—+ V2V communication with preceding platoon member is interrupted for longer than a certain

time.
—+ The intended destination of the vehicle is approaching.

—+ The driver prefers to drive separately for any.other reason.

8.5.213 Leave instruction

1) Im case of top-down managed platooning’type, the LV or BO may instruct platoon member(s) to
lgave.

2) platoon member who receives-a "leave instruction” shall transmit "leave notification” and

perform the leave manoeuvre!

8.5.2/4 Leave completion

1) After the completionof the leave operation, in the case of top-down managed platooning type, the
PFV or PLV of the?platoon shall report the leave completion to the LV or BO that issyed the leave
instruction.

2) e PFV.%Qp'PLV of a platoon which completed the leave operation shall delete their platoon

anagement information. If a platoon remains after the LV, FV or a part of platoon leayes, members
of the platoon that completed the leave operation and/or remain shall update all or|part of their
platoon management information and share it.

9 Platooning manoeuvre control function (PMCF)

9.1 General

In the PCS, longitudinal control and optionally lateral control are applied to the platoon and its vehicles
to manage the platooning by platooning manoeuvre control function (PMCF).

9.2 Longitudinal control

A vehicle which receives “join response: yes” in POCF starts the join manoeuvre and completes the
formation of platoon. The LV or its driver controls its speed based on the traffic and road conditions
and maintaining separation from vehicles ahead of it.
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When a platoon is driving in-lane, CACC is used to control the distances between vehicles. CACC control
may be the constant time gap with respect to speed (time-gap-based control; ISO 20035) or may be the
constant clearance with respect to speed (clearance-based control).

When an OV cuts in front of the FV, the FV should increase its following distance to maintain an
appropriate gap behind the OV. In this case, FV CACC mode makes a transition from close-follow mode
to CACC follow mode, or suspends CACC control with reference to the preceding LV or FV in the platoon,
and needs to change to ACC mode behind the OV.

NOTE The definition of an appropriate gap is left for manufactures and/or operators of platoon.

IfanFVina
the platoon,
the FV incre
it to reduce i

The vehicle
platoon.

Use case exa

The typical
Figure 6.

12

platoon is temporarily in ACC mode due to the OV in front, when the OV departs the lane of

s speed so that the gap can be reduced.

vhich transmits “leave notification” starts the leave manoeuvre and separates fro

mples of longitudinal control are shown in Annex B.

pperation flow of longitudinal manoeuvre control such as cutiin and cut-out is sho

Fhe FV needs to resume CACC control operation and starts CACC close-follow. In thiq case,
hses speed to catch up with the preceding vehicle or communicates with the LV_fd rgquest

m the
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— Dotted box and line represent the optional operation and information flow

Figure 6 — Typical operation flow diagram of longitudinal manoeuvre control
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9.3 Lateral control

When a platoon is driving in lane, the drivers may steer the vehicles manually or lateral control system
may be used to maintain the in-lane position of each vehicle.

Vehicles in a platoon may use lane-keeping assistance system (LKAS) to stay in-lane.

Vehicles in a platoon may perform the lane change manually or may use PALS to change the lane. It
is recommended that the last vehicle in the platoon be the first to change lane to block the lane from
vehicles overtaking from behind, so that the rest of the platoon can complete the lane change with less
risk of interference. The lane change may be requested by the driver of any of the vehicles, but shall be
the drivers of all of the vehicles, using V2V communication.

approved by

Use case exa

mples of lateral control are shown in Annex B.

The typical dperation flow of lateral manoeuvre control such as lane change is shown inKigure 7.
PCM
LV PcM FV —-| lastFV
< P | ¢
| | N
Cryising Cruising Cruising
| | 1

Lane change request

Any vehidle:

Check space availability on adjacent lane

Lane charge
response;|No

SH
avai

ace
lable?

Space
available?

Yes

Space

available?
No

Yes

All vehicles: Lane change response; Yes

Start lane change

Start lang change

Complete 1

hine change

Cru

Jsing

!

Start lane change

Complete lane change

Cruising

Lane change notice

Complete lane change

Cruising

— Lane change request: Request to change the lane as a platoon.

— Lane change response: Response to the lane change request. If space in rear and side is available to change the
lane, response is yes, and if not available, response is no.

14

Figure 7 — Typical operation flow diagram of lateral manoeuvre control
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9.4 Longitudinal control operations

9.4.1

Join manoeuvre

An FV which becomes a member of platoon after receiving “join response: yes” in POCF, implements the
join manoeuvre and completes platoon formation.

If the PLV joins in front of a platoon (use case ]3 in Annex A), the new FV which was formerly the LV of
platoon implements the join manoeuvre behind the new LV as described in the following steps.

1) The ]01n1ng FV detects the precedlng FV or LV by the comparlson of its own on-board sensors and
3 ; - 3% 2% vs-the-ether FV or LV
¢ drive behlnd itin the same lane w1th adequate forward clearance

2) Alfter the confirmation that the preceding vehicle in the same lane is the othef JEV or|LV to follow,
the driver of the FV turns on CACC and the clearance is automatically adjusted/by CAC( to reach the
time gap set by PMCF or by the driver.

3) The join process is completed and cruising operation begins when thé set time gap is jeached.

9.4.2| Cruising operation

Vehicles in a platoon normally drive at constant speed using their vehicle control systems. An LV can

use ALCC to follow the preceding vehicle or CC, or drive manually. FVs use CACC to follow the preceding

FV o1 LV in order to maintain the speed and time gap te.remain with the platoon. The|operation is

descrjbed in the following steps.

1) Tlhe speed of platoon is set by the LV and shared‘with platoon members as a target spded.

2) Thhe minimum time gap for safe driving in aplatoon may be recommended to FVs by the LV.

3) Ifan FV falls behind the preceding vehicle, the FV may communicate with the LV to|request it to
reduce its speed, or it may leave the;platoon and become the PFV or the LV of a new platoon.

9.4.3| Leave manoeuvre

The vehicle which transmits_a “leave notification” in POCF implements the leave mahoeuvre and

completes the separation from platoon formation. The manoeuvre is described with the following steps.

1) If the FV transniits® “leave notification” with driver’s take-over or another driver action (e.g.
pLatooning mode/on/off SW), the PCS turns off and the FV switches to ACC contrql behind the
preceding vehicle.

2) Ifthe LVetransmits “leave notification”, the FV immediately behind the LV switches to ACC control.

9.4.4| “Cut-in operation

A cut-in operation is achieved when an OV changes lane and enters between FVs or the LV and FV from
the adjacent lane (cut-in). If an additional OV cuts in between the OV and the FV, a new cut-in response
may not be generated. The operation is described with the following steps.

1y
2)
3)
4)

When an OV enters in front of an FV, the FV detects the existence of the cut-in OV.
The FV increases its following distance to keep an adequate gap behind the OV.

The FV starts ACC mode with respect to OV.

The FV may terminate CACC control with reference to the preceding LV or FV in the platoon if the
cut-in continues beyond a certain duration or it causes the FV to fall more than certain distance

behind the preceding LV or FV in the platoon.

© IS0 2022 - All rights reserved

15


https://standardsiso.com/api/?name=fb94635de7574d1210f7ef753267ac6b

ISO 4272:2022(E)

5)

When an FV recognizes an OV as cut-in vehicle, the FV transmits "OV cut-in notification" to the
other members in the platoon.

9.4.5 Cut-out operation

A cut-out operation is achieved when a platoon of LV and FV are cruising with an OV cut-in situation and
the OV in front of the FV changes lane to the adjacent lane and leaves (cut-out). After cut-out, if another
OV is driving in front of the FV as its preceding vehicle, the cut-in condition continues. The operation is
described in the following steps.

1y
2)

3)

4)

9.5 Later3al control operations

9.5.1 Cruiping (in-lane) operation

When the OV in front of the FV changes lane, the FV detects its departure from the lane of platoon.

The FV 1leduces the distance to the preceding LV or FV and returns to CACC control with réfdrence
to the prfeceding LV or FV.

In this case, the FV increases speed to catch up with the preceding LV or FV. If the FV cannot|catch
up with the preceding vehicle, the FV uses CC for speed control and may communijcate with ghe LV
to requept it to reduce its speed.

When an FV recognizes an OV cut-out, the FV transmits an "OV cut-out notification” to the|other
memberf in the platoon (if any).

Platoon menpbers normally stay in the same driving lane as-the platoon. Each vehicle may use|lane-

keeping systems such as LKAS or PADS, or drive with manual steering and keep the lane.

9.5.2 Lane change operation

1y

2)
3)

4)

5)

6)

7)

8)
9)

16

Lane chgnge operation is achieved when.a\platoon is driving in lane and needs to change the lane.
In the lane change, lateral control can be'done automatically or by the human driver(s).

A "lane dhange request"” is transmitted by the LV or any FVs to the other platoon members.

Each plafoon member checks,availability of space on the lane change intended side and notifies the
result to[other platoon menibers.

If any of|platoon membex-does not have space available, it transmits "lane change response: ho" to
the othef members. dn-this case, the lane change operation is judged not feasible and all platoon
memberf continue.¢ruising as a platoon in the original lane.

If spacelis available, each platoon member transmits "lane change response: yes" to the |other
memberf.

After reception of "lane change response: yes" from all platoon members, the last vehicle of the
platoon starts the lane change to the adjacent lane and transmits "lane change notice" to the other
platoon members.

When other platoon members receive "lane change notice", they start the lane change and complete
the lane change. They need to change the lane with adequate clearance. After the lane change of the
last vehicle, the order of lane change implementation of other platoon members is not specified in
this document.

After all members complete the lane change, all vehicles return to cruising.

Vehicles in the platoon can use PALS to change lane or the drivers may perform the lane change
manually.
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10) The lane change procedure which starts from the last vehicle has the advantage that the last vehicle

in the platoon blocks the lane from vehicles overtaking from behind, so that the rest o
can complete the lane change without interference.

f the platoon

11) Other lane change use cases are possible. If drivers of the LV and FVs confirm that the side and rear

of the adjacent lane of the platoon are clear, the platoon can change lane simultaneou
can start the lane change and FVs follow.

9.6 Longitudinal control requirements

9.6.1

Wher] the FV receives “join response: yes” in POCF, the following join manoeuvres are iinp

Join manoeuvre requirements

sly or the LV

emented.

1) e FV shall search for and recognize the LV or other FV of the platoon that accepts itg join request
uking at least its own on-board sensors data and V2V communication data.

2) Alfter the FV confirms that the preceding vehicle in the same lane is the\LV or last FV df the platoon
to join, the FV shall follow that vehicle manually or using ACC.

3) I CACC turns on when the FV is following the preceding vehicle manually or using AC(, the FV shall
start CACC mode and adjust the clearance to the preceding vehicle with CACC being consistent with
iffs time gap setting.

9.6.2| Cruising requirements

1) The target minimum time gap shall not be less than 0,5 s (see ISO 20035: 2019, 6.1.5.2).

2) Inp case of top-down managed platooning type; the LV or BO may set the target time gap of platoon

embers to a value greater than the minimum time gap and the setting value is notifigd to each FV.

3) Epch driver of a platoon member velicle may set a time gap to equal or more than the minimum
time gap.

4) Ifthe PCS or the driver of an £Vjudges that it cannot maintain the speed set by the LV {on a positive
grade), or an FV falls too(far behind the preceding vehicle, a speed reduction request may be
transmitted to the LV.

5) sed on the information from the BO or the other platoon members, or on-board infoymation such
ap map data, the-PCS or driver may change the time gap setting relative to the precedipg vehicle.

6) e target speed of platoon and clearance shall be set within the speed and clearance|limit of each
cpuntry of. the local highway section and be shared with each platoon member.

7) Im case¢of BO and LV managed platooning type, if the BO specifies the target speed for the platoon,

ep€lymember of the platoon shall comply accordingly.

9.6.3 Leave manoeuvre requirements

When the FV or LV transmits “leave notification” in the POCF, the following leave manoeuvres are

r the FV, and

ACC and the

increase the

implemented.

1) Separation from the platoon formation is made by speed reduction or lane change fo
by speed acceleration or lane change for the LV.

2) If the FV transmits “leave notification”, the FV shall start drive manually or start
clearance to the preceding vehicle shall be increased to the adequate clearance if the FV stays on
the same lane.

3) If the LV transmits “leave notification”, the FV which is just behind the LV shall

clearance behind the LV and start to drive manually or start ACC if the LV stays in the

© IS0 2022 - All rights reserved
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9.6.4 Cut-inrequirements

1y

2)
3)

4)

9.6.5 Cut-put requirements

1y

2)

3)

9.7 Lateral control requirements

9.7.1 Cruiping requirements

Platoon menjbers may use a lane-keeping systeni that conforms to ISO 11270 and/or ISO 21717.

9.7.2 Lang change requirements

1y

2)

3)

4)

5)

6)
7)

18

During platoon cruising, when an OV enters between two vehicles (cut-in), the FV just behind the
OV shall use its on-board sensors to detect cut-in. However, the detection method of cut-in of OV is
not specified in this document.

In case of OV cut-in, the FV shall use ACC to control its gap behind the OV.

In case of OV cut-in, the FV may continue platooning interactions with the other vehicles in the
platoon.

In case of OV cut-in, the FV shall transmit "OV cut-in notification" to the other vehicles in the platoon.

Subsequpntly to the cut-in situation, when an OV moves to the adjacent lane (cut-ofit); the FV just
behind the OV shall use its on-board sensors to try to detect the cut-out. However, the det¢ction
method pf cut-out of OV is not specified in this document.

Subsequpntly to the OV cut-out, the FV shall increase its speed to reduee)the gap to the |LV or
precedirlg FV and transition to CACC to control its gap. If the gap is too large, the FV switches|to CC
and may| (a) request the LV to reduce its speed via V2V communicatien to enable closing the gap; or
(b) continue to drive independently; or (c) become a platoon LV fordhe CACC vehicles behind it.

After detection of OV cut-out, the FV shall transmit "OV cut-outnotification" to the other vehigles in
the platdon.

A platooh member who wants the-platoon to perform a lane change shall transmit a "lane change
request'| message to all of the-vehicles in the platoon.

In case gf a top-down managed platooning type, the LV or BO shall have the authority to approve
the lane change.

Every plptoon member who receives a "lane change request” shall search for the availability pf the
space nefeded tothe rear and side in the lane to which the lane change will be made, and shal| send
the statys of availability to the other platoon members. This status shall be updated periodically
until thellane.change is completed or aborted.

The lane change manoeuvre shall not start until after all platoon members have confirmed that the
necessary space is available in the destination lane. If the space becomes unavailable because of the
intrusion of an OV, the lane change shall be aborted.

Lane change of platoon members should start from the last FV and the last FV shall transmit the
"lane change notice" when starting the lane change.

NOTE Automated lane changing of a platoon can only be done in relatively low-density traffic because
of the need for a large gap in the destination lane; if a higher-speed vehicle is approaching from behind in
that lane, it is better for the last vehicle in the platoon to block it from obstructing the lane change.

After LV and FVs receive "lane change notice", they may implement the lane change manoeuvre.

Lane changing vehicles may continue platoon control during the lane change manoeuvre.
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8) The lane change of each platoon member may be implemented manually or may be operated by

9)

PCS.
When changing lanes by PCS, PCS shall conform to ISO 21202.

10) After the lane change manoeuvre completion, platoon members start cruising in the new lane.

10 Communication data (V2V/V2I)

10.1 General

This document describes basic requirements for the communication of POCF and PMCF. It also describes

requifed or recommended data items and those general descriptions of platoon management messages

(PMM) which are necessary messages for POCF operation and platoon control messages [PCM) which

are n¢cessary messages for PMCF operation.

10.2 [Requirements of communication

The dommunication requirements related to POCF or PMCF are as follows. Note that th¢ methods of

comnpunication and related protocol are not described in this docunient.

1) e PCS of platoon member vehicles shall be able to transmit and receive PMMs thaf operate the
platoon and PCMs that control the driving manoeuvres ofplatoon members via V2V cothmunication.

2) e PCS of platoon member vehicles of top-down managed platooning type shall be able to transmit
apd receive PMM via V2I communication in orderto realize the communication with fhe BO. Other
types may realize PMM transmission and reception via V2I communication.

3) e PCM transmission frequency shall be atleast 10 Hz. PMM transmission is event-based.

4) join request should be transmittedirepeatedly for a certain period or until a join response is
received. Transmission frequency-and transmission period of the join request are nof specified in
this document.

5) In case of top-down managed platooning type, the leave instruction from an LV or BO should be
transmitted until leave comipletion is received. However, the transmission frequency of the leave
imstruction is not specified in this document.

6) Each platoon membger shall transmit platoon control information when the status of the platoon is
changed due tojoin or leave operations.

7) Epch platoory member shall recognize the interruption of PCM communication from qther platoon
membexvehicle(s).

8) V|2V¥_and V2I communication in a platoon shall be secured. However, the level of seclirity and the

10.3 Communication data

10.3.1 General

The tables below describe the contents of the data items used for platooning systems but the element,
format and structure of data are not specified. Data items shown in this subclause are not mandatory;
additional data items can also be communicated up to the design of platooning system.

10.3.2 Communication data for PMM

Data items and the explanations of contents described in PMM are shown in the following tables.

©1S0 2022 - All rights reserved 19


https://standardsiso.com/api/?name=fb94635de7574d1210f7ef753267ac6b

ISO 4272:2022(E)

Table 1 lists the common description data in PMM.

Table 1 — Common description data in PMM

Data items Contents
Message ID Identification of message to specify that this message is PMM.
Vehicle ID Unique identification of vehicle or station. For V2I communication, this identi-

fies BO or roadside unit.

Vehicle position Current vehicle position (longitude, latitude, altitude). Measurement time
corresponds to time stamp.

: : Ay ale O 1] : 1. i ek el NI T
Vehicle headi 194 XZI T oT venere-moving-atrectiomragamst ior i veastrement trme<cqrre-

sponds to time stamp.

Time stamp Time at which position and heading are specified or time to generatethe mes-
sage which includes those data.

Tables 2-5 ligt the data descriptions for the join operation. Data for the join operatignlare classiffed as
platoon formation plan (Table 2), join request (Table 3), join response (Table 4)~and join compl|etion
(Table 5).

Table 2 — Data for platoon formation plan

Data items Contents

Platoon formation plan Platoon formation plan which is submitted from BO via VPI
communication to potential platoon members. Applied only if
that BO is a transngitter.

Platoon fgrmation planned location Planned location of platoon formation.

Platoon fogrmation planned time Planned timeof platoon formation.

(Platoon thanagement information) Management information for potential platoon formation
members and including following contents.

Platoon IIj Uhique and temporary identification of platoon.

Platoon mjax. length Acceptable maximum number of vehicles in platoon.

Vehicle seguence number in platoon Vehicle sequence number and vehicle ID of each vehicle in
platoon.

Desired time gap Desired time gap of each vehicle in platoon.

Desired speed Desired speed of platoon.

Table 3 — Data for join request

Data items Contents

Join request Request for platoon forming or participation in an existinyg
platoon. Transmitted via V2V communication.

Platoon length NUMber of venicles in platoon WhICch Tequests to join. I case
single vehicle requests to join, it is “1”.

(Vehicle performance information) Vehicle performance information of possible joining vehicle
including following contents. In case of platoon join, repeat up
to the number of platoon members.

Vehicle type Information to show the classification of vehicle, such as cate-
gory and type of vehicle.

Vehicle length Length of vehicle.

Vehicle weight Gross weight of vehicle (estimated weight is possible when
loading).

Max. acceleration Estimated achievable acceleration and deceleration based on

current vehicle loading.
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Data

items

Contents

Join response

Response for the request for platoon forming or p
in an existing platoon.

articipation

Join response status

Accept or refuse (yes or no) to join. When accep

ting join, it is

necessary to transmit platoon management information.

(Platoon management information)

Platoon management information of new platoon after join com-

pletion and including following contents.

Platoon ID Unique and temporary identification of platoon.
Plpteermaxtensth Areceptablemadiamamberofveldelestnplatopn.
Vdhicle sequence number in platoon Vehicle sequence number and vehicle ID of eachrvehicle in platoon.

Dg

sired time gap

Desired time gap of each vehicle in platoon)

rent loading.

Dé¢sired speed Desired speed of platoon.

(Vehicle performance information) Performance information of eachyplatoon memper including
following contents.

Vdhicle type Information to show the classifiCation of vehicle sugh as category
and type of vehicle.

Vghicle length Length of vehicle.

Vghicle weight Gross weight of vehicle\(estimated weight is possible yhen loading).

Mhx. acceleration Estimated capable acceleration and deceleration pinder its cur-

Table 5 — Data for join completion

Datalitems Contents
Join cpmpletion Completion report of new platoon formation. FY reports to
LV via V2V communication. LV reports to BO via V2I com-
munication.
(Platoon management information) Platoon management information of new plato¢n including
following contents.
Platoon ID Unique and temporary identification of platoon|.
Plhtoon max. length Acceptable maximum number of vehicles in plafoon.

Ve

hicle sequence numb€r in platoon

Vehicle sequence number and vehicle ID of each
platoon

vehicle in

D4

sired time gap

Desired time gap of each vehicle in platoon.

D¢

sired speed

Desired speed of platoon.

Table

5 6-81ist the data descriptions for the leave operation. Data for the leave operation
as lealve instruction (Table 6), leave notification (Table 7) and leave completion (Table 8).

hire classified

Table 6 — Data for leave instruction

Data

items Contents

Leave instruction

Instruction for leave operation. In case of top-down managed pla-
tooning type, LV transmits via V2V communication or BO transmits
via V2I communication as an optional case.

Platoon ID

ID of platoon of the vehicle that is instructed to leave.

Vehicle ID

ID of vehicle which is instructed to leave. If multiple vehicles are
instructed, all IDs are enumerated.
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Table 7 — Data for leave notification

Data items

Contents

Leave notification

Notification of leave operation from a platoon transmitted
by a platoon member who departs. Regardless of own deci-
sion or instruction from LV or BO, departure from original
platoon is notified via V2V communication.

Platoon ID ID of platoon of which the leaving vehicle is a member.
Vehicle ID ID of vehicle which is leaving. If multiple vehicles are leav-
ing, all IDs are enumerated.
Table 8 — Data for leave completion
Data items Contents

Leave compldtion

Notification of leave completion from a plateon: Compl¢tion
of leave from original platoon is notified to)the platoonfvia
V2V communication from the vehicle whoe‘transmits legve
notification and in case of top-down managed platoonihg
type, it may also be notified to BOwia’V2I communicatipn.

Platoon I[j ID of original platoon of which leaving vehicle was a mgm-
ber.

Vehicle ID ID of vehicle which has leftMf multiple vehicles have left, all
IDs are enumerated.

10.3.3 Communication data for PCM

Data items and the explanations of contents described inthe PCM are shown in Tables 9-11.

Table 9 — Common description data in PCM

Data items Contents
Message ID Identification of message to specify that this message is PCM.
Vehicle ID Unique anditemporary identification of vehicle.

Vehicle positipon

Current vehicle position (longitude, latitude, altitude).

Vehicle headipg

Azimuth of vehicle-moving-direction against north.

Time stamp

Time at which position and heading are specified or time to generate the mes-
sage which includes those data.

Table 10 — Data describing longitudinal control operation

Data items

Contents

Longitudinal control status

Status of vehicle longitudinal control such as CC, ACC, CA(C etc.

L Laotl 111 REPAVAY

L& it add
Ll,l dAllSIITIItiLCu Uy UULIT LV diiu'1l V).

Minimum in-platoon clearance

Minimum vehicle following distance in platoon (transmitted by
LV).

Desired clearance

Desired following distance chosen by FV or its driver (trans-
mitted by FV).

Clearance to preceding vehicle

Actual distance to preceding vehicle (transmitted by FV).

Longitudinal acceleration

Longitudinal acceleration (transmitted by both LV and FV).

Speed

Longitudinal speed (transmitted by both LV and FV).

Cut-in event

Transmitted by FV, which detects cut-in of OV.

Cut-in status

Status such as cut-in (OV enters and stays).

Distance cut-in vehicle

Distance to cut-in vehicle (OV).

Speed

Speed of cut-in vehicle (OV) detected by FV sensors.

22
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Table 10 (continued)
Data items Contents
Cut-out event Transmitted by FV, which detects cut-out of OV.
Cut-out status Status such as cut-out (OV leaves).

Table 11 — Data describing lateral control operation

Data items Contents

Lateral control status Status of vehicle lateral manoeuvre control such as manual,
LKAS, PALS etc. (transmitted by both LV and FV).

Laterpl acceleration Lateral acceleration (transmitted by both LV and V).

Yaw rjate Yaw rate.

Lane fhange event In case of lane change intention, lane change requgst is trans-

mitted, and lane change response is transmitted ffom all
members of platoon.

Lgne change request Lane change request with intended direction of lane change
(right or left) to the other platoon members.

Lgne change response Possibility of lane change as yes or no, based on the safety con-
dition of adjacent lane.

Lgne change notice Status of lane change condition such as start, in-process or
finish and the direction of lane change.

11 Functional evaluation test method

11.1 (Evaluation test conditions

All tepts shall be operated under the following conditions.

— Thhe tests shall be performed outdoots under open sky conditions.
he test road shall be on a flat,dry asphalt or concrete surface.

T

— The temperature range shall be -20 °C to 40 °C.
Horizontal visibility-shall be greater than 1 km.
T

— Thhe tests may,dccur during daylight conditions.

All figures suelhnds speed, distance and time gap specified in the evaluation test methods|allow 10 %
tolergnces, ifnot specified.

11.2 |Evaluation test method

11.2.1 General
POCF and PMCF are evaluated in the following tests.

Each test shall be achieved three times and evaluations are confirmed with all tests successfully.

11.2.2 Join evaluation test
1) Test conditions (Figure 8):
— Vehicles A and B are independent vehicles and not in platoon mode.

— Vehicle A follows vehicle B.
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Key

Vehicle A:  rhanual, PCS_OFF
Vehicle B:  (C, PCS_ON
Vehicle C:  rpanual, not equipped PCS

2)

24

Vehicle B turns on PCS and transmits PCM via V2V communication.
Vehicle C is not equipped with V2V communication.

Vehicle A is driving with manual mode and vehicle B is driving in front of vehicle A with CC mode on
the same lane as vehicle A. Vehicle C is driving ahead of vehicle A on the adjacent lane.

Vehicles A, B and C move with the speed of 15 m/s. The distance between vehicles A and B is 38 m
(equivalent to 2,5 s time gap) and the distance between vehicle A and C is 30 m (equivalent to 2 s
time gap).

15m/s 15m/s \%
C | 30m ‘ )

38 m

b 4

Figure 8 — Test conditions (join)

Test progedures (Figure 9):

Vehicle 4 turns on PCS and transmits PCM via V2V communication.
Vehicle A transmits “joinczequest” with PMM via V2V communication.
Vehicle B receives “join-request” and judges if this request is acceptable.
Ifvehiclg Aisjoin<eapable, vehicle B transmits “join response: yes” with PMM via V2V communidation.

Vehicle A reteives “join response: yes”.

Vehicle A'sets the time gap as 1,6 s (equivalent to 24 mJ and turns on platooning mode Switch.
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Y~ Y~
A~ =

f
l
15m/s >15m/s
C <30m

|« 1

15m/s

|

E

S

< <

<38 m

b A: from Manual to CACC, PCS_ON, transmit & receive; PMM, PCM
b B: CC, PCS_ON, transmit & receive; PMM, PCM b‘

e C: manual, not equipped PCS
N

Figure 9 — Test procedures gn

<

valuation confirmation (Figure 10): \§\
join evaluation test, the following shall be confirmed.

common Platoon ID has been generated for beth vehicles A and B, and vehicle B be
ith platoon sequence number 1 and Vehlcﬁglbecomes the FV with platoon sequence

rtivated. O
\
chicles A and B transmit PCM ang%ecelve PCM from the other vehicle.

chicle A adjusts speed an rance to vehicle B. Vehicle A follows vehicle B with a sg
6 s and does not follow@ icle C.

S
Q& L~ L~
S

AR

) 15m/s | D 15 m/s

15m/s
/ 24 m

Vehicle A: CACG; time gap 1,6 s, transmit & receive; PCM
Vehicle B: CC, transmit & receive; PCM
Vehicle C: manual, not equipped PCS

Figure 10 — Evaluation confirmation (join)
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11.2.3 Leave evaluation test
1) Test conditions (Figure 11):

— Vehicles A and B are PCS ON. They transmit PCM via V2V communication and receive PCM from the
other vehicle.

— Vehicle A follows vehicle B in CACC mode of cruising operation.

— Both vehicles move with a speed of 20 m/s in the same lane with 32 m clearance (equivalentto 1,6 s

time gap).
oy V
- i
Ea
20 m/s &\%
(( O
Key \QQ
Vehicle A: PCS_ON, CACC; time gap 1,6 s, transmit & receive; PCM g\&
Vehicle B: PCS_ON, CC, transmit & receive; PCM (%)
&
Figure 11 — Test cond\@%ns (leave)
N\
. xO
2) Testprogedures (Figure 12): -

QS)
— Set time|gap of ACC as 2,4 s for vehicle A@}r\mg CACC mode of cruising.

— Vehicle A transmits “leave notifica@n"' with PMM via V2V communication. This is triggered by
platoonipg mode switch off.

— Vehicle B receives “leave noéﬁ‘a’tion" from vehicle A via V2V communication.
N\

>32m

Key
Vehicle A: from CACC to ACC, transmit; PMM
Vehicle B: CC, receive; PMM

Figure 12 — Test procedures (leave)

3) Evaluation confirmation (Figure 13):
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In the leave evaluation test, the following shall be confirmed.

Key
Vehiclp A: ACC; time gap 2,4 s
Vehiclg B: CcC

11.2.4 Cruising evaluation test

1y

Key

Platoon ID and platoon sequence numbers are deleted in vehicle A and B.

PCS of vehicles A and B report to each driver that the platooning control has been deactivated.

Vehicle A turns off PCS automatically and the leave operation is completed.

Vehicle A increases the clearance to vehicle B to time gap 2,4 s and follows vehicle B in ACC mode.

Figure 13 — Evaluation confirmation (leave)

—3

est conditions (Figure 14):

<

chicles A and B are PCS ON. They transmit PCM via V2V communication and receive }
ther vehicle.

o

chicles A and B drive in'cruising mode in platooning and vehicle A follows vehicle B ir

oo oo <

hp 1,6 s (equivalent to 32 m clearance).

Vehicle A: PCS_ON, CACC; time gap 1,6 s, transmit & receive: PCM
Vehicle B: PCS_ON, manual, transmit & receive: PCM

Figure 14 — Test conditions (cruising)
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2)

Key

Vehicle A: (GACC; time gap 1,6 s
Vehicle B: hanual

3)

In the cruising evaluation test; the following shall be confirmed.

Test procedures (Figure 15):

Vehicle B reduces speed to 10 m/s. Vehicle A also reduces speed to maintain set time gap 1,6 s
(equivalent to 16 m clearance) and keeps clearance and follows.

Vehicle B increases speed to 20 m/s. Vehicle A also increases speed to maintain set time gap 1,6 s
(equivalent to 32 m clearance) and keeps clearance and follows.

A\

Figure 15=- Test procedures (cruising)

Evaluatipn confirmation:

Vehicles|A and B transmit PCM and receive PCM from the other vehicle.

Vehicle 4 driveste'adjust speed and clearance, and maintains own set time gap 1,6 s behind veljicle B
when vehicle B'changes the speed.

11.2.5 Cut-in evaluation test

1y

28

Test conditions (Figure 16):

Vehicles A and B are PCS ON. They transmit PCM via V2V communication and receive PCM from the
other vehicle.

Vehicle A follows vehicle B in CACC mode of cruising operation.

Both vehicles move with a speed of 20 m/s on the same lane with 32 m clearance (equivalentto 1,6 s
time gap).

Vehicle C is driving between vehicles A and B in the adjacent lane of vehicles A and B. Vehicle C is in
manual mode and is 10 m behind vehicle B with a speed of 20 m/s.
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NG
B
20 m/s (1 )] 20 m/s
C
20m/s
41 0 m | /
32m (]/Qq/
Key /\
Vehiclp A:  PCS_ON, CACC; time gap 1,6 s, transmit & receive; PCM O b‘
Vehiclp B:  PCS_ON, CC, transmit & receive; PCM %
. \
Vehiclp C:  manual ‘\
<< )
Figure 16 — Test conditionqgt-in)
N
2) Test procedures (Figure 17): Q

— Vehicle C cuts-in between vehicles A and B f@le adjacent lane with 1 m/s later

follows vehicle B with the same speed. A.\Q)

N
==

%Q 32m R
Key %

hl speed and

Vehicle#: €CACEtimregap 165, tramrsmit- & recetve; PEM
Vehicle B: CC, transmit & receive; PCM
Vehicle C: manual, cut-in (lateral; 1 m/s)

Figure 17 — Test procedures (cut-in)

3) Evaluation confirmation (Figure 18):

In the cut-in evaluation test, the followings shall be confirmed.

— Vehicle A detects vehicle C cut-in situation with its on-board sensors and transmits “OV cut-in

notification” with PCM.

© IS0 2022 - All rights reserved
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— Vehicle B receives “OV cut-in notification” from vehicle A and report cut-in situation to the driver.
— Vehicle A starts ACC control behind vehicle C.

— Vehicle A increases its time gap behind vehicle C to the ACC desired time gap.

Key

Vehicle A: transmit; OV cut-in notification, ACC; time gap 2 s
Vehicle B: CC, receive; OV cut-in notification

Vehicle C: manual

Figure 18 — Evaluation confirmation-(cut-in)

11.2.6 Cut-put evaluation test
1) Test conflitions (Figure 19):

— The cut-put operation evaluation is performed tnder the cut-in situation and it is recommendled to
perform|this evaluation after the cut-in operation evaluation (11.2.5).

— Vehicles|A, B and C move at a speed of 20 m/s on the same lane.
— Vehicle B is driving in CC mode.

— Vehicle ¢ follows vehicle B inmanual mode with 20 m clearance, and vehicle A follows vehicle C in
ACC mode with time gap 2.§{equivalent to 40 m clearance).

Key

Vehicle A:  PCS_ON, ACC; time gap 2 s
Vehicle B:  PCS_ON, CC

Vehicle C:  manual

Figure 19 — Test conditions (cut-out)
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2) Test procedures (Figure 20):

— Vehicle C moves out to the adjacent lane with 1 m/s lateral speed.

—
L~

20
r=pvg

ISO 4272:2022(E)

Key

Vehicl
Vehicl
Vehicl

3) E

In the

<

=)

aal.
P2y A

e A: ACC
e B: CcC
b C: manual, cut-out (lateral: 1 m/s) O

Figure 20 — Test procedures (cut-(é{)

valuation confirmation (Figure 21): QQ

cut-out evaluation test, the following shall be confnst}d

ut notification” with PCM. @

chicle A reduces the gap and rea@jes time gap 1,6 s behind vehicle B.

chicle A detects the cut-out situation of vehicle @th its on-board sensors and trans

chicle B receives “OV cut-out notification” ﬁ%m vehicle A and reports cut-out situation

A\
chicle A terminates ACC control bek@d vehicle C and starts CACC control behind veh

mits “OV cut-

to the driver.

icle B.

Key

Vehicle A: transmit; OV cut-out notification, CACC; time gap 1,6 s

Vehicle B: CC, receive: OV cut-out notification

Vehicle C: manual

Figure 21 — Evaluation confirmation (cut-out operation)
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A.1 Join

A.1.1 Geng

In the plat
(Figures A.1

022(E)

Annex A
(informative)

Use cases of POCF

bral

oning operation, the following use cases are expected with the "join!Vtran|
to A.5).

A.1.2 Use

Use case J1 i
same lane dy

in Figure A.1

Normally, th
communicat
to make a su

case J1
5 achieved when the PFV joins the PLV from behind. This transition can be made ¢
ring driving, as shown in Figure A.1a), or at a staging area such'as a parking site, as §
b).
e preceding PLV becomes the LV and the following PFibecomes the FV. In some cas¢

table platoon during this transition.

Ll = e W s A

sition

n the
hown

e, V2V

on and/or V2I communication with the BO can adjustthe sequence of the PLV and thie PFV

Key
a  Join.
Figure’/A.1 a) Use case J1 (on the motorway)
&
X g g
.\
/~\
" PLV  PFV
s ~
Key
2 Join.
Figure A.1 b) Use case J1 (at the staging area)
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A.1.3 Use case ]2

Use case ]2 is achieved when a PFV joins a preceding platoon from behind (Figure A.2). This transition
can be made on the same lane during driving or at a staging area such as a parking site.

Key
a  Join.

Figure A.2 — Use case ]2

A.1.4 Use case]3

Use cpse ]3 is achieved when a PLV joins the platoon as the new leader. in" front of the current LV
(Figufe A.3). This transition can be made on the same lane during drivinger at a staging area such as a
parkihg site.

& L)
a

Key

Figure A.3* Use case J3

A.1.5 Use case ]J4 (not supported by functionalities defined in this document)

Use chse J4 is achieved when a PFV-joins the middle of a platoon from the adjacent lane |(Figure A.4).
This fransition can be made during'driving or at a staging area such as a parking site.

Key
a  Join.

Figure A.4 — Use case |4

A.1.6 Use case]5

Use case ]5 is achieved when a platoon joins a preceding platoon from behind (Figure A.5). This
transition can be made on the same lane during driving or at a staging area such as a parking site.
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