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Foreword

[SO (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 its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWwWWw.iso.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of ahy claimged patent
respect thereof. As of the date of publication of this document, ISO had notreceived ngtice of (a)
which may be required to implement this document. However, implementers are cautioned that
ot represent the latest information, which may be obtained from the patent database ayailable at

Any trad{
constitutd

For an ex

prg /patents. ISO shall not be held responsible for identifying any or allysuch patent righty.

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions

related tp conformity assessment, as well as information about ISO's adherence to the Wofld Trade

Organizat

This docu
forestry, §
Standard
in accord

This first

replaces SO 18497:2018, which has been technically revised.

The main

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

ment was prepared by Technical Committee ISOATC 23, Tractors and machinery for agriculture and
ubcommittee SC 19, Agricultural electronics,sin collaboration with the European Cominittee for
zation (CEN) Technical Committee CEN/TC\44, Tractors and machinery for agriculture and forestry,
ince with the Agreement on technical coepération between ISO and CEN (Vienna Agreenpent).

edition of ISO 18497-1, together. with ISO 18497-2, ISO 18497-3 and ISO 18497-4, cancels and

changes are as follows:

— machfine design principles and yocabulary were made as its own part (i.e. ISO 18497-1) and subjstantially

revis

tractors.

Alistof a

bd to account for thewide range of functionality and use cases within agricultural machines and

| parts in the JSO 18497 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete

listing-ofithese bodies can be found at www.iso.org/members.html.
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Introd

This docu

ISO 18497-1:2024(en)

uction

ment is a type-B1 standard as stated in ISO 12100:2010.

This document is of relevance, in particular, for the following stakeholder groups representing the market

players w

— mach

ith regard to machinery safety:

ine manufacturers (small, medium and large enterprises);

— health and safety bodies (regulators, accident prevention organisations, market surveillance, etc.).

Others can be affected by the level of machinery safety achieved with the means of the document by the

above-meprtiomed-stakehotdergroups:
— machfine users/employers (small, medium and large enterprises);

— machfine users/employees (e.g. trade unions, organizations for people with special needs);

— servi
— consy

The abov
process o

Ce providers, e.g. for maintenance (small, medium and large enterprises);
mers (in case of machinery intended for use by consumers).

e-mentioned stakeholder groups have been given the possibility-to participate at thg
f this document.

In additio‘[, this document is intended for standardization bodies elabprating type-C standards.

The requi

For mach
according

The struc

— Type
canb

— Type
of saf

— T
— T

— Type

machijine or group of machines.

The purp
autonomgd

devices, guards);

ements of this document can be supplemented or modified by a type-C standard.

nes which are covered by the scope of a type-C standard and which have been designed
to the requirements of that standard, the requiréments of that type-C standard take preg

ture of safety standards in the field of machinery is as follows:

A standards (basis standards) give basic concepts, principles for design, and general as
e applied to machinery;

B standards (generic safety standards) deal with one or more safety aspects or one or mnj
eguards that can be used across a wide range of machinery:

ype-B1 standards on pdrticular safety aspects (e.g. safety distances, surface temperatur

ype-B2 standards 6nysafeguards (e.g. two-hands controls, interlocking devices, pressurg

C standards(machinery safety standards) deal with detailed safety requirements for a |

us.and autonomous (see Clause 3) functions of agricultural machinery and tractors.

drafting

and built
cedence.

bects that

ore types

b, noise);

sensitive

particular

bse of the ISO 18497 series is to establish general design principles for partially automaged, semi-

Manual non-automated functions are addressed in existing agricultural machinery and tractor safety
standards. Due to the potential number of different functions of agricultural machinery and tractors and
the mixed type and mode to which these functions can exist, it is necessary to establish general design
principles. In this way, the combination, operator location, and types of interaction of these functions can
be guided so that further type-C safety standards can be developed consistently and explicitly to address
the mitigation of risk of injury to operators and bystanders. This is the primary focus of safety standards.
Attempting to specify risk mitigation requirements based on combinations of type and mode of functions
alone cannot be accomplished accurately for all agricultural machinery and tractors due to the wide variety
of the machinery and variety of functionality.

Therefore, the familiar representation of SAE J3016[l with six levels of automation was deliberately not
chosen as a basis for the ISO 18497 series. It is necessary to develop more specific type-C safety standards,

© IS0 2024 - All rights reserved
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using the general design principles of this document, to adequately account for the risks of agricultural
machinery and tractors used in a specified way with various types of partially automated, semi-autonomous
and autonomous functions.

When the requirements of the ISO 18497 series for partially automated, semi-autonomous and autonomous
functions of agricultural machinery and tractors are different from those which are stated in a machine-
specific type-C standard dealing with partially automated, semi-autonomous and autonomous functions of
agricultural machinery and tractors, the requirements of the machine-specific standard take precedence
over the requirements of the ISO 18497 series.

© IS0 2024 - All rights reserved
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Agricultural machinery and tractors — Safety of partially
automated, semi-autonomous and autonomous machinery —

Part 1

Machine design principles and vocabulary

1 Scop

This docy
agricultu
Additiong
working i

The purp

verificatign and information for use to ensure an appropriate level of safety for agricultural mac

tractors v

This doct
partially
condition

Applicabi
validation]
that haza

NOTE
available i

This docu
— fores
— operg

This docu
date of its
date of its

e

ment specifies principles for the design of agricultural machinery and tractors that at
ral applications and that have partially automated, semi-autonomous and awtonomous

lly, it provides guidance on the type of information to be provided by the*manufactur
ractices (including information about residual risks).

pbse of this document is to assist in the provision of more specifi¢-Safety requirements,

Uith partially automated, semi-autonomous and autonomous/fuictions used in a specifie

ment deals with the significant hazards relevant to_agricultural machinery and trac
hutomated, semi-autonomous and autonomous functiens when used as intended and
5 of misuse reasonably foreseeable by the manufacturer during normal operation and se

ity of the design principles and any additional* detailed requirements for design, ve
or information for use are outside the scope‘of this document. When risk assessment
rds are not significant hazards, the principles of this document do not apply.

Safety requirements for specific non-automated functions of agricultural machinery and tract
h machine-specific type-C standards,

ment is not applicable to:
[ry applications;

tions on public roads including relevant requirements for braking and steering systems.

publication, ot to systems applied to agricultural machinery and tractors put into use
publication,

2 Normative references

e used in
functions.
br on safe

means of

}];nery and

way.

tors with
inder the
"vice.

rification,
concludes

ors can be

ment is not applicable to agricultural machinery and tractors which are manufactured Iefore the

efore the

The follov

ana documante ararafarrad tainthatavtin cuch avvavthat coma nrall afthalvr contant o
T S o C T e o C T e r e T e T O e E e e AT I ST e e Yy oty Tt e o O e O Ot S coee e

bnstitutes

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.

[SO 3767-1:2016, Tractors, machinery for agriculture and forestry, powered lawn and garden equipment —
Symbols for operator controls and other displays — Part 1: Common symbols

ISO 3767-1:2016/Amd 1:2020, Tractors, machinery for agriculture and forestry, powered lawn and garden
equipment — Symbols for operator controls and other displays — Part 1: Common symbols — Amendment 1

[SO 3767-2:2016, Tractors, machinery for agriculture and forestry, powered lawn and garden equipment —
Symbols for operator controls and other displays — Part 2: Symbols for agricultural tractors and machinery

© IS0 2024 - All rights reserved
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ISO 3767-2:2016/Amd 1:2020, Tractors, machinery for agriculture and forestry, powered lawn and garden
equipment — Symbols for operator controls and other displays — Part 2: Symbols for agricultural tractors and
machinery — Amendment 1

[SO 4254-

1:2013, Agricultural machinery — Safety — Part 1: General requirements

[SO 4254-1:2013/Amd 1:2021, Agricultural machinery — Safety — Part 1: General requirements - Amendment 1

[SO 12100:2010, Safety of machinery — General principles for design — Risk assessment and risk reduction

[SO 13849-1:2023, Safety of machinery — Safety-related parts of control systems — Part 1: General principles

for design

[SO 1384

ISO 1849
autonomd

[SO 1849]
autonomg

[SO 18497
autonoma

[SO 2511
systems —

[SO 25119
control sy

ISO 2511
systems —

ISO 2511
systems —

ISO 25119
control sy

ISO 2511
systems —

ISO 25119
control sy

3 Tern

For the p
Amd 1:20

ey
i

o2..304.7 Fal L L - Val L L Y oY LL . .
=2201 2 Sufety of ruchimery—"Sufety-retuted purtsof comtrotsysters— Part 2 Vatidatio

-2:2024, Agricultural machinery and tractors — Safety of partially automated, semi-autend
us machinery — Part 2: Design principles for obstacle protective systems

[-3:2024, Agricultural machinery and tractors — Safety of partially automated;,semi-autonc
us machinery — Part 3: Autonomous operating zones

[-4:2024, Agricultural machinery and tractors — Safety of partially automated, semi-autonc
us machinery — Part 4: Verification methods and validation principlés

D-1:2018, Tractors and machinery for agriculture and forestry_>— Safety-related parts
- Part 1: General principles for design and development

-1:2018/Amd 1:2020, Tractors and machinery for agriculture and forestry — Safety-relatd
Ktems — Part 1: General principles for design and development — Amendment 1

D-2:2019, Tractors and machinery for agricultureé™and forestry — Safety-related parts
- Part 2: Concept phase

D-3:2018, Tractors and machinery for agriculture and forestry — Safety-related parts
- Part 3: Series development, hardware and software

-3:2018/Amd 1:2020, Tractors andymachinery for agriculture and forestry — Safety-relatq
Ktems — Part 3: Series development, hardware and software — Amendment 1

D-4:2018, Tractors and machinery for agriculture and forestry — Safety-related parts
- Part 4: Production, operation, modification and supporting processes

-4:2018/Amd 1:2020;-Tractors and machinery for agriculture and forestry — Safety-relatd
Ktems — Part 4: Production, operation, modification and supporting processes — Amendme
ns and definitions

irposes-of this document, the terms and definitions given in ISO 4254-1:2013, ISO 425
21,1SO 12100:2010 and the following apply.

1

mous and

mous and

mous and

pf control

d parts of

pf control

pf control

d parts of

pf control

d parts of

nt 1

4-1:2013/

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

ISOO

31

nline browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

manual non-automated
non-automated (3.6) only machine functions (3.5) that are intended to operate in manual mode (3.9) during
all of the machine’s operating cycle (3.11)

EXAMPLE

Implement height above ground controlled manually by the operator.

© IS0 2024 - All rights reserved
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Note 1 to entry: See Figure 1.

Note 2 to entry: Manual non-automated is not a level or a category of a machine. It is a term only to describe the
combination of functions, and modes of functions.

Manual non - Partially Semi-
automated (3.1) automated ( 3.2) autonomous ( 3.3)

oo ) | — Autonaed (7

Non-automated ( 3.6)

Manual mode (3.9)
Modes

Autonomous mode (3.10)

3.2

partially
non-autor
mode (3.9

EXAMPLE
Note 1 to 4

Note 2 to
combinati

3.3

semi-aut
automate
of the ma

Autonomous (3.4)

Figure 1 — Terms used for combinations of functions and modes

automated
hated (3.6) and automated (3.7) machine functions (3.5) that are intended to operate
during all of the machine’s operating cycle (3.11)

Implement height above ground maintained automatically to a set point controlled by the oy

ntry: See Figure 1.

entry: Partially automated is not a level or a category of a{machine. It is a term only to de
n of functions, and modes of functions.

pnomous

Chine’s operating cycle (3.11) in addition te\ron-automated (3.6) and automated machine

that are intended to operate in manual mode (3.9)to complete some of the tasks assigned

n manual

erator.

scribe the

] (3.7) machine functions (3.5) that are intended to operate in autonomous mode (3.10) dfiring part

functions

EXAMPLE|l  Implement height above ground:thaintained automatically to a set point controlled by the ¢perator in
specific conditions, and maintained automatically to a set point controlled by machine without operator Interaction
during all pf the machine’s other operating cycles.

EXAMPLE[2  Automated field cultivating machine completing entire operating cycle of field work withoyt operator
interaction and also used to complete other operating cycles of field work in specific conditions manyally by an
operator.

Note 1 to gntry: See Figure L

Note 2 to entry: Semi-autonomous is not a level or a category of a machine. It is a term only to describe the cqmbination
of functiorn]s, and modes of functions.

3.4

autonom|

automated ma machine’s
operating cycle (3.11)

EXAMPLE1 Implement height above ground maintained automatically to a set point controlled by the machine

without operator interaction during all of the machine’s operating cycles.

EXAMPLE

2 Automated field cultivating machine completing all operating cycles of work without operator
interaction.

Note 1 to entry: See Figure 1.

Note 2 to entry: Autonomous is not a level or a category of a machine. It is a term only to describe the combination of

functions,

and modes of functions.

© IS0 2024 - All rights reserved
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3.5
function
defined activity or behaviour of a machine or a machine system

EXAMPLE Machine propel, steering, braking, lights, 3-point hitch, hydraulic driven unit, implement control
(ISOBUS CAN, power-take-off, hydraulic), etc.

3.6
non-automated
technique, method, or system of operating and controlling machine function(s) (3.5) by operator interaction (3.12)

3.7
automated
techniqug, method, or system of operating and controlling machine function(s) (3.5) by automatic,(3.8) means

3.8
automatic
process of part of a process when machine functions (3.5) follow defined rules

Note 1 to gntry: Complex computer functions (e.g. closed loop control, artificial intelligenee) can be inclyded in the
machine finction (3.5) following defined rules to accomplish a process or part of a process.

Note 2 to e¢ntry: Automatic (3.8) means are typically accomplished through minial operator interaction|(3.12), but
can be accpmplished without operator interaction.

39
manual hode
mode of nhachine operation in which machine function(s) (3.5) are.controlled by an operator

Note 1 to ntry: Manual mode definition infers operator interaction (3.12) to accomplish direct or automatic (3.8)
means by yhich non-automated (3.6) and automated (3.7) machine function(s) (3.5) are controlled.

3.10
autonompus mode
mode of machine operation in which a machine performs functions (3.5) related to its defined tasis without
operator nteraction (3.12)

Note 1 to eptry: States of autonomous mode (3.10) of a machine may require human interaction, for example: [preparing,
configurinfg, setting-up or programming the machine. This type of human interaction is not considered mgnual mode
(3.9) or opgrator interaction (3.12) as the\functions (3.5) of the machine are not involved.

3.11
operating cycle
complete [set of tasks carried out within a defined operation

3.12
operatorf{interaction
involveme¢nt of an-operator to provide information to or control of a machine function(s) (3.5)

Note 1 to pntry: Examples of operator interaction are: starting, maintaining or stopping machine functipn(s) (3.5);
providing t vr‘ppfinh hnhrﬂing information to amachine etc

3.13
hazardous function
defined activity or behaviour of a machine or a machine system which can be a source of harm

Note 1 to entry: A hazardous function is different than a safety function. A safety function (per 1ISO 12100:2010)
is defined as: function of a machine whose failure can result in an immediate increase of the risk(s). Risk(s) (per
ISO 12100:2010) is defined as: combination of the probability of occurrence of harm and the severity of that harm.
Hazardous functions are those functions which are potential sources of harm (e.g. machine propel) in normal
operation without failure. Per ISO 12100:2010, risk analysis is required for hazardous functions and risk evaluation to
determine if acceptable risk reduction objectives have been achieved.

© IS0 2024 - All rights reserved
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obstacle
object or ground condition which can cause harm, or is harmed, if it comes into contact or collision with the
machinery

Note 1 to entry: Examples of objects which can cause harm: tree, rock, etc. Examples of objects which can be harmed:
persons or animals.

Note 2 to entry: Risk assessment is used to analyse the degree of harm related to an obstacle. Machine specific type-C
safety standards may also contain specific protective measures (e.g. reduce speed, change trajectory, etc.) for risk
reduction of specific types of obstacles (e.g. persons, animals, etc.).

3.15

obstacle protective system
system thatreacts to information received from machine components or systems (e.g. sensors, percepti
(3.16), sugervisory systems (3.17), bumpers) to avoid harmful contact with a person and/or obstqele’(3.

Note 1 to ¢ntry: Risk assessment is used to determine the appropriate level of risk reduction achieved by 3

bn systems
14)

n obstacle

protective[system. Machine specific type-C safety standards can also contain specific protective'measures (e.g. reduce

speed, chgnge trajectory, etc.) for risk reduction of specific types of obstacles (e.g. pensens, animals, e
avoiding a]l contact with a person and/or other obstacles is desired in many cases, thete 'can be machine
allow for cpntact which does not cause harm by contact.

3.16

percepti¢n system
system thlat gathers and processes information about the environmentiin which the machine is op

3.17

supervispry system
system that has situational awareness (3.18) and can take decisions for systems of the machine op¢4

3.18

situationfal awareness

machine’d computational assimilation of how the, machine and the environment are interactin
context of that interaction from knowledge of the machine state and the environment through th
perception system (3.16)

3.19

warning zone
area whefe if an obstacle (3.14) is within and no action is taken, then the obstacle might enter t
zone (3.20)

3.20

hazard zpne
area whidh is a subset@fthe warning zone (3.19) and where if an obstacle (3.14) is within that areg
potential for injury-can exist

3.21

autonompus‘operating zone
designatelz area in which machines operate in autonomous mode (3.10)

tc.). While
forms that

brating

bration

b and the

e use of a

he hazard

, then the

© IS0 2024 - All rights reserved
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A

disabled state

y

A

enabled state <

A

A

warning period
of time

A

safe state (can be any of these states)

active state

Figure 2 — State flow diagram example

3.22
active state
machine fystem state in which partially aitemated (3.2), semi-autonomous (3.3) or autonomous (3.4)
functions [3.5) are provided

Note 1 to gdntry: See Figure 2.

3.23
disabled |state
machine fystem state in which partially automated (3.2), semi-autonomous (3.3) or autonomous (3.4)
functions [3.5) are not allawed

Note 1 to gntry: See Figre-2.

3.24
enabled §tate
machine fystem state in which partially automated (3.2), semi-autonomous (3.3) or autonomous (3.4)

functions 3 ‘:) are allgwed upon-receipt of avalid commandor cigna]

Note 1 to entry: See Figure 2.

3.25

impaired condition

point of degradation where partially automated (3.2), semi-autonomous (3.3) or autonomous (3.4) functions
(3.5) of the machine systems can no longer be completed safely in the current conditions

© IS0 2024 - All rights reserved
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safe state
operating state of a system with acceptable level of risk for operator or bystander even when the control
system fails or partly fails

Note 1 to entry: See Figure 2.

[SOURCE: ISO 11783-14:2013, 3.10, modified — in the definition, “operating mode” has been changed to
“operating state”]

3.27

audible alarm
signal that is intended to be detected by the human sense of hearing

3.28

visual alarm
signal thdt is intended to be detected by the human sense of sight

3.29

warning period of time
designateld period of time to give notice for machine functions (3.5) prior to initiation

Note 1 to gntry: See Figure 2.

3.30

local opejrator
human infclose proximity with access to machine controls through'the local operator station (3.31) g
remote oplerator station (3.33) and/or access to machine information through a notification system

3.31

local opefrator station
designateld location(s) physically on the machine from which the operator provides informat

controls

3.32
remote o
human nd
access to

3.33

remote operator station

achine function(s) (3.5)

erator
tin close proximity with access to'/machine controls through remote operator station (3.3
machine information through.a notification system (3.34)

r through

(3.34)

ion to or

3) and/or

which the

bn(s) (3.5)

location(d) close to and far@way from the machine, but not physically on the machine, from \
operator provides informdtion to or controls machine function(s) (3.5)

Note 1 to gntry: Remote‘@perator station can be connected to the machine via wire connection.

3.34

notificatjon system

system pirjoviding a means to inform the operator about the operational status of the machine functi
3.35

communication

information or data transmitted by a data network

3.36
use case

specific situation in which a product is used

Note 1 to entry: This includes machine type(s), operating conditions, functional ranges, system boundaries and
operational design domain.

© IS0 2024 - All rights reserved
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ISO 18497-1:2024(en)

switch-on of a machine or of one of its parts

Note 1 to entry: See Figure 2.

3.38

operational limit
limit of a measurable factor or set of factors that defines the conditions of acceptable system operation

3.39

verification
evaluation of a component or system of the machine to determine if it meets a defined requirement

3.40

validation

assurancg

4 Safe

4.1 General

Partially

and tractgrs shall be designed according to the principles of 4.2 for protective or risk reduction mg
significarft hazards, as defined in ISO 12100:2010, 3.8.

Significarlt hazards are dependent on the use case of agricultural machinery and tractors with

automate

according to ISO 12100:2010.

In additio

according to the principles of ISO 12100:2010 forrelevant but not significant hazards which are

with by t

corresponding verification procedures shall be*done according to ISO 12100:2010.

Specific type-C standards, when available, €an give more detailed requirements.

Obstacle

excursions beyond the boundary. of the autonomous operating zone shall be designed in accord
[SO 18497-2:2024 and 1SO 18497-3:2024, respectively.

Verificati

4.2 Design principles

421 G

that a component or system of the machine meets a defined objective

Ly requirements and protective or risk reduction measures

hutomated, semi-autonomous and autonomous functions (see Eigure 1) of agricultural 1

d, semi-autonomous and autonomous functions_and shall be determined using a risk af

I, partially automated, semi-autonomous and’autonomous functions of machines shall be

his document. For significant hazards not covered in 4.2, the determination of requirer

protective systems and(systems (perception, supervisory or other) to prevent ui

bn methods of [SO718497-4:2024 shall be applied to the design principles of 4.2.

eneral

hachinery
basures of

partially
sessment

designed
not dealt
hents and

nintended
hnce with

alaual of cofoty; of oty ot oo d ool ot o oo e Gabha

For ensuriag—an—appropria

1A 1ot n
IS ol appTropTIactCICVCT UT Sarcty U partcrairy  aucotratCt;,— ST au cOTTOTITO S (VY ITCTT

utomated

machine functions operate in autonomous mode) and autonomous functions of agricultural machinery and
tractors, the following protective or risk reduction measures shall be provided in the machine design to
reduce significant hazards.

4.2.2 Operator presence

4.2.2.1

Partially automated

An operator presence system shall be provided to detect if an operator is no longer at the local operator
station or at the remote operator station.

© IS0 2024 - All rights reserved
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4.2.2.2 Semi-autonomous and autonomous

a)

b)

4.2.3 Start-up

4.2.3.1 |Partially automated

An operator presence system in autonomous mode of operation shall be provided to detect if an operator
is at a local operator station (if equipped).

EXAMPLE 1  Seat switch used to detect if an operator is at the local operator station on a semi-autonomous
machine when operating in autonomous mode during part of the machine’s operating cycle.

An operator presence system in autonomous mode of operation shall be provided to detect if an operator
is no longer at the remote operator station (if equipped).

EXAMPLE 2 Activity monitoring by detecting operator interaction with, or acknowledgement of notifications
provided on the remote operator station to detect if operator is no longer at the remote operator station for a

1 3 H £ |
maChH“u, optTratnrg T aoacoomoasSToae:

Non-automated and automated hazardous functions shall be in a disabled or neutfal state at start{up.

4.2.3.2 |Semi-autonomous and autonomous

a) AutoI:ated hazardous functions in autonomous mode shall be in a.disabled state at start-up.

b) A cofnmand from a local operator shall be required to change to an enabled state at start-up in
autorfomous mode.

EXAMPLE Machine requiring human to setup, power on and ¢onfirm autonomous mode settings. Once fonfirmed,

machine enters enabled state (e.g. ready, standby or sleep) of autonomous mode. Upon valid command or signal,

machine epters active state in autonomous mode.
4.2.4 States, modes and actions

4.2.4.1 |Partially automated

a) Mearnls shall be provided such as ¢ontact switches, soft keys or other similar devices, accessible to the
operdtor, for changing states of-atitomated functions.

b) A command from the operator to change to an active state shall be required for automated hazardous
functjons.

) Autoililatic exit of autemated hazardous functions from an active state shall be provided undé¢r specific
conditions (e.g. mahifal movement of a specific control, lack of sufficient or loss of signal from sensors,
indication from.@perator presence system that operator is no longer present).

d) Atstgndstillino action initiation shall be provided by automated hazardous functions.

4.2.4.2  Semi-aulonomousand aulonomous

a) Means shall be provided such as contact switches, soft keys or other similar devices, accessible to the
operator, for changing function states and modes.

b) Means shall be provided to change from an active state to a different safe state in autonomous mode of
operation from local operator station and/or at the remote operator station.

¢) A command from an operator and only by an operator shall be required for initiating hazardous
functions in an active state in autonomous mode of operation.

d) A command from alocal operator shall be required to change from an enabled state to an active state in

autonomous mode of operation involving hazardous functions.

© IS0 2024 - All rights reserved
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)

g)

h)

4.2.5 Vjsual indication

4.2.5.1 |Partially automated

ISO 18497-1:2024(en)

Only specific automated hazardous functions shall be provided and allowed when in autonomous mode
of operation and in the enabled or active state.

A warning period of time shall be provided for hazardous functions prior to initiation in autonomous
mode of operation [see 4.2.5.2 b) and 4.2.6.2 b)].

A safe state shall be provided automatically in autonomous mode when a person and/or obstacle is
detected in or enters the hazard zone of the obstacle protective system (if equipped) and/or under
specific conditions (e.g. manual movement of a specific control by local operator, lack of sufficient or loss
of signal from sensors, indication from operator presence system that operator is no longer present);

NOTE Use of a supervisory system can be a means to fulfil g).

A conimand from the operator shall be required to re-enter active state or restart functions affer change
from pctive state in autonomous mode.

Avisualindicator shall be provided to the operator which shows the current state of the automated functions.

NOTE Visual indicators differ from visual alarms which are specified in 4.3

4.2.5.2 |Semi-autonomous and autonomous

a)
b)

d)

4.2.6 Andible indication

4.2.6.1 |Partiallyautomated

A vistial alarm shall be provided indicating current state in @dtonomous mode of operation (sefe 4.3.2.2).

Avistial alarm shall be provided prior to, during a warnifig period of time, during initiation, aftdr starting
and during operation of hazardous functions (e.g. drive function) in autonomous mode of operfation (see
4.3.213).

A vispal alarm shall be provided indicating manual mode of operation for semi-autonomous|machines
not equipped with a local operator station (see 4.3.2.4).

EXAMPLE Machine without local opérator station using a visual alarm to indicate operation in mgnual mode
instedd of autonomous mode.

A visyial alarm shall be providédywhen a person and/or obstacle is detected in or enters, at a minimum,
the hphzard zone of the obstacle protective system (if equipped) in autonomous mode of operption (see
4.3.2]5).

An audible indicator shall be provided to the operator which sounds when automated function§ enter or

leave the pctive state.

NOTE Audible indicators differ from audible alarms which are specified in 4.3.

4.2.6.2 Semi-autonomous and autonomous

a)
b)

)

An audible alarm shall be provided when entering states in autonomous mode of operation (see 4.3.3.2);

An audible alarm shall be provided prior to, during a warning period of time, during initiation and after
starting of hazardous functions (e.g. drive function) in autonomous mode of operation (see 4.3.3.3);

An audible alarm shall be provided prior to, during initiation and after starting of hazardous functions
(e.g. drive function) in manual mode of operation for semi-autonomous machines not equipped with a
local operator station (see 4.3.3.4);

© IS0 2024 - All rights reserved
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EXAMPLE Machine without local operator station using an audible alarm to indicate operation

mode

instead of autonomous mode.

in manual

d) Anaudible alarm shall be provided when a person and/or obstacle is detected in or enters, at a minimum,
the hazard zone of the obstacle protective system (if equipped) in autonomous mode of operation (see
4.3.3.5).

4.2.7 Obstacle protective system

4.2.7.1

Partially automated

a) An obstacle protective system shall be provided for hazardous automated functions.

b) Non-jutomated and automated hazardous functions shall only be provided and allowed

obst

4.2.7.2

a) An oljstacle protective system shall be provided in autonomous mode of operation:

— that dnsures, before action of specific hazardous functions, that there is nd person and/or obst
relative hazard zone of the hazardous function;

— that gnsures automatically maintaining a safe state during initiatien and operation of specific

funct
funct

— that

adequate responsiveness when a person and/or obstacleds detected in or enters the relative hal
of thqg hazardous function;

— thatd

warn

b) Haza

obstdcle protective system is in an active state.

4.2.8 Operating zone (semi-autonomous and autonomous)

a) Meanls, such as a perception.System, shall be provided in autonomous mode of operation 4
uninended excursions beyond the boundary of the autonomous operating zone.

b) The 1
auton]

c¢) Haza
defin

cle protective system is in an active state.

Semi-autonomous and autonomous

jons when a person and/or obstacle is detected in or enters therelative hazard zone of the I
jon;

s compatible with the maximum operational speed-of specific hazardous functions

ing zone of the hazardous function;

rdous functions in autonomous mode of operation shall only be provided and allowed

omous modeof operation.

‘dous funetions in autonomous mode of operation shall only be provided and allowed
bd autpitomous operating zone is ensured and the machine is within the autonomous operg

when the

hcle in the

azardous
azardous

Lo ensure
zard zone

nsures adequate detection of a person andjor obstacles within or entering boundary of the defined

when the

0 prevent

heans providedim a) shall be compatible with the maximum operational speed of the njachine in

when the
ting zone.

429 M

4.2.9.1
See 4.2.5.

OTITtOTINgG

Partially automated

1 and 4.2.6.1.

4.2.9.2

Semi-autonomous and autonomous

a) A notification system shall be provided to allow adequate monitoring of the machine and specific

funct

ions by an operator.

© IS0 2024 - All rights reserved
11


https://standardsiso.com/api/?name=c394ebd288853e8a98c449666694a3b4

ISO 18497-1:2024(en)

b) Automatic change from an active state or enabled state to a different safe state shall be provided in
autonomous mode when loss of communication (for a defined period of time) between the notification
system and the machine.

4.2.10 Faults and failures

4.2.10.1 General

The machine design with partially automated, semi-autonomous and autonomous hazardous functions
shall comply with ISO 25119-1:2018, ISO 25119-1:2018/Amd 1:2020, ISO 25119-2:2019, ISO 25119-3:2018,
ISO 25119-3:2018/Amd 1:2020, ISO 25119-4:2018 and ISO 25119-4:2018/Amd 1:2020, or I1SO 13849-1:2023
and ISO 13849-2:2012.

Use of a spipervisory system can be a means to detect and take action from faults and failures.

Diagnostics shall be provided for visual and audible alarm (e.g. start-up function test, 'Circult current
measurerfient). It also shall be provided that under fault conditions of the visual and-audible glarm, the
operator pe notified of the fault and further autonomous mode of operation shall not)be possiblg until the
fault is reftified.

For software and data that are critical for safety, measures and methods, shall be provided to |minimize
accidenta] or intentional corruptions from external sources (e.g. cyber-attaeks or perturbations).

NOTE See References [3] and [4] for more information regarding cybersecurity.

Protectioh from faults and failures of the power supply for pattially automated, semi-autononous and
autonomdus functions shall be provided.

4.2.10.2 |Communication failures

Systems ghall be provided with means to allow only.inténtional and safe communications. Functiopnal safety
standard$ (see 4.2.10.1) shall be applied for commumnication failures.

If commuhication failures prevent the required.communication between system elements (e.g. GN$S and the
supervisqry system) of partially automated;-semi-autonomous and autonomous hazardous fundtions, the
system sHall enter a safe state.

The accepjtable time duration for cemmunication failures before hazardous functions are stopped shall be
dependenft on the application and the use of the information. When this time is exceeded, the hazardous
functions|shall enter a safe state. -The time between a communication failure and entering a safe gtate shall
be consistent with maintaining a safe condition in relation to, for example, the maximum permitted travel
speed, the extent of the warning and hazard zones, the response time of the obstacle protective system,
effectiver]ess of the guarding and stopping performance.

NOTE The following are examples of sources of communication failure: issues affecting network performance in
general, ngtworkphysical or configuration changes, machines added to or taken from the network, noise |ssues (e.g.
unintentional jamming, EMC), hardware failures, systemic failures, software defects, network configuratign changes,
bandwidtl limitations, weather-related issues, changes in topography, system power issues, intentiongdl hacking,
spoofing okjamming

4.2.10.3 Partially automated

Automatically enter a safe state shall be provided if faults due to failures cause an impaired condition for
automated hazardous functions.

4.2.10.4 Semi-autonomous and autonomous

a) Automatically exit from autonomous mode and enter a defined safe state shall be provided when faults
due to failures cause an impaired condition for hazardous functions operating in autonomous mode.

NOTE1 Use of a supervisory system can be a means to fulfil a).
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b) Automatically change from an active state to a different safe state shall be provided in autonomous mode
of operation when specific hazardous functions are unable to complete initiation sequence commands.

NOTE 2

NOTE 3

Automatically restarting initiation sequence commands for specific hazardous functions with a given
warning period of time, etc. is dependent on risk assessments.

Use of a supervisory system can be a means to fulfil b).

4.3 Visual and audible alarms

4.3.1 General

ple to the

hings and

t can lead

mode of

s are in a

Means shattbeprovided suchas contact switches,;, soft keysor other simitar devices, accessil
operator, for checking the operation of visual and audible alarms.
4.3.2 Vjsual alarm (semi-autonomous and autonomous)
4.3.2.1 |General
The requijrements of 4.3.2 shall be followed unless prohibited by local regulations for visual war
indicationjs.
If providgd, a visual alarm shall be detectable by local operators and bystanders in the vicinity thg
to arisk tp safe machine operation.
4.3.2.2 |State in autonomous mode of operation
The visugl alarm shall use the following colours to indicate the current state in autonomoug
operation|:
— whitg (power on and disabled state);
NOTE 1 |[Significant hazards can exist when the sou¥ce of power is non-audible or not clearly evident.
EXAMPLE White colour visual alarm used.to indicate when power is switched on, but all functioy
disabled sfate for a battery powered machine.
— blue-green (enabled or active state);
NOTE 2 |Blue-green x,y based celolir boundaries according to CIE 1931 of ISO/CIE 11664-1:2019[3l:
X y

0,013 0,494

0,240 0,400

0,240~. 0,320

0,040 0,320

— red or blue (error).

NOTE 3

Local regulations can prohibit specific colours for visual warnings and indications, therefore either red or
blue colour is specified.

Only the white visual alarm colour shall be given continuously without flashing in the power on and
disabled state. The white visual alarm colour source shall not be used in other states of autonomous mode of

operation

except to momentarily:

— indicate prior to, during a warning period of time and during initiation of hazardous functions in
autonomous mode of operation (see 4.3.2.3); and/or
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