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Foreword

ISO (the I

nternational 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 any 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

— verifi
revis

tractors.

Alistof a

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 18497-4 together. with ISO 18497-1, ISO 18497-2 and ISO 18497-3, cancels and
changes are as follows:
cation methods and validation principles were made its own part (i.e. ISO 18497-4) and subjstantially

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 18497-4:2024(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 [SO 18497-1:2024, Clause 3) functions of agricultural mach

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-

nery and

tractors.

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.

© IS0 2024 - All rights reserved
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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 and it is necessary to develop more specific type-C safety
standards, 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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Internat

ional Standard ISO 18497-4:2024(en)

Agricultural machinery and tractors — Safety of partially
automated, semi-autonomous and autonomous machinery —

Part 4:

Verifi

cation methods and validation principles

1 Scop

This doc
machiner
autonomd

The purp

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

tractors v

This docy
partially
condition

Applicabi
informati
are not si

NOTE
available i

This docu
— fores
— opers

This docu
date of it4d
date of its

2 Normativereferences

The folloy

e

ment specifies principles for verification methods and validation principles of ag

us and autonomous functions.

bse of this document is to assist in the provision of more specific safety requirements,

Fith partially automated, semi-autonomous and autonomous fungtions used in a specifie

ment deals with the significant hazards relevant to agricultural machinery and trag
putomated, semi-autonomous and autonomous functiofis When used as intended and
5 of misuse reasonably foreseeable by the manufacturerduring normal operation and se

pn for use are outside the scope of this document. When risk assessment concludes thg
bnificant 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, or t6,systems applied to agricultural machinery and tractors put into use
publication.

Ving'documents are referred to in the text in such a way that some or all of their content ¢

ntc ofthic daocnimant Ear datad rafarancac anlutha adition citad annliac EFaoryndatad vl

ricultural

y and tractors that are used in agricultural applications and that have partially automaged, semi-

means of

l‘];nery and

way.

tors with
inder the
"vice.

ity of the design principles and any additional requirements, for design, verification, validation or

t hazards

ors can be

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

efore the

nstitutes

requirem
the latest

STt Ot O T T T e T O O e e e T Cr E T e e e Oy e e e e e O ere e p P e o T Ot e

edition of the referenced document (including any amendments) applies.

pferences,

[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 13849-2:2012, Safety of machinery — Safety-related parts of control systems — Part 2: Validation

[SO 18497-1:2024, Agricultural machinery and tractors — Safety of partially automated, semi-autonomous and

autonomo

us machinery — Part 1: Machine design principles and vocabulary

© IS0 2024 - All rights reserved
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[SO 18497-2:2024, Agricultural machinery and tractors — Safety of partially automated, semi-autonomous and
autonomous machinery — Part 2: Design principles for obstacle protective systems

ISO 18497-3:2024, Agricultural machinery and tractors — Safety of partially automated, semi-autonomous and
autonomous machinery — Part 3: Autonomous operating zones

[SO 25119-1:2018, Tractors and machinery for agriculture and forestry — Safety-related parts of control
systems — Part 1: General principles for design and development

[SO 25119-1:2018/Amd 1:2020, Tractors and machinery for agriculture and forestry — Safety-related parts of
control systems — Part 1: General principles for design and development — Amendment 1

[SO 25119-2:2019, Tractors and machinery for agriculture and forestry — Safety-related parts of control

systems —

ISO 2511
systems —

ISO 25119
control sy

[SO 2511
systems —

ISO 25119
control sy

3 Tern
For the pt
[SO and I1

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

— IECE

4 Veri

4.1 General

Design of

- 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 and machinery for agriculture and forestry —<Safety-relatd
Ktems — Part 3: Series development, hardware and software — Amendment.1

D-4:2018, Tractors and machinery for agriculture and forestry — Sdfety-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 definition

irposes of this document, the terms and definitions given in ISO 18497-1:2024 apply.

.C maintain terminological databases for us€in standardization at the following address

ectropedia: available at https://winw.electropedia.org/

fication methods and-validation principles

machine systems) obstacle protective systems and systems (perception, supervisory

to preve

machinerfy and tractors with partially automated, semi-autonomous and autonomous functions (seg
shall be i accordance with ISO 18497-1:2024, ISO 18497-2:2024 and ISO 18497-3:2024, respectivg

For ensuring.an appropriate level of safety, the verification methods of 4.2 and validation
of 4.3 shpli“be applied for protective or risk reduction measures of significant hazards, as d

unintended excursions beyond the boundary of the autonomous operating zone of ag

pf control

d parts of

pf control

d parts of
nt 1

or other)
ricultural
Figure 1)
ly.

principles

efined in

[SO 12100:2010, 3.8, when used in the machine design.

© IS0 2024 - All rights reserved
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Manual non - Partially Semi-
automated automated autonomous
(see 1SO 18497-1:2024, 3.1) | (see ISO 18497-1:2024, 3.2) | (see ISO 18497-1:2024, 3.3)

Autonomous
(see ISO 18497-1:2024, 3.4)

Functions Non-automated (see ISO 18497-1:2024, 3.6)

(see 1SO 18497-1:2024, 3.5)
Automated (see ISO 18497-1:2024, 3.7)
Manual mode (see IS0 18497-1:2024, 3.9)
Modes
Autonomous mode (see ISO 18497 - 1:2024, 3.10)

NOTE See ISO 18497-1:2024.

Figure 1 — Terms used for combinations of functions and modes

4.2 Verification methods

4.2.1 V¢rification shall be carried out by the collection of data and results from-the verificatior] methods
listed in this clause. Table 1 provides the minimum verification methods for each part of the [SO 18497
series. Dgpending on the design and implementation of the protective or risSk reduction measufes, other
verificatipn methods may also be used. More detailed verification methods.for a specific use case jor type of
machine ilay be given in type-C standards.

a) Inspdction/observation - visual and/or audible evaluation without any specialized equipment].

b) Measphrement — evaluation of physical values of components or systems of the machine to|specified
valuefs or limits.

c) Test 1 evaluation of components or systems of the machine under normal and abnormal conditions:

|
T

unctional tests (e.g. fault injection testing);

|
o

yclic tests (e.g. endurance testing);
— Berformance tests (e.g. braking, stééring, persons and/or obstacle detection tests).

d) Simulation - virtual evaluation of functions and performance of components or systems of th¢ machine
with hnticipated environmentat-and operating stresses.

e) Analysis - evaluation of inspection/observation, measurement, test and simulation methods ip addition
to the design and its specifications through qualitative and quantitative means:

— Fpilure modes afid-effects analysis (FMEA);
— Fpult tree analysis (FTA);
— Bstimation / prediction by simulation models (e.g. Markov models, reliability models);

— Hotmal design review.

NOTE1 Annex A gives information regarding physical properties of objects and humans for use in development of
test and simulation verification methods.

NOTE2 Annex B gives information regarding environmental influences for use in development of test and
simulation verification methods.

NOTE3 Annex C gives information regarding test objects for use in development of test and simulation verification
methods.

NOTE4  Annex D gives information regarding examples of test procedures.

© IS0 2024 - All rights reserved
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Table 1 — List of required verification methods of protective or risk reduction measures

ISO 18497 Subclause Inspectio_n / Measurement | Test | Simulation | Analysis
observation
ISO 18497-1:2024 4_2‘f'22t'22$: b X X
ISO 18497-1:2024 4_;'32_'233: b X X
ISO 18497-1:2024 4241 a) X
ISO 18497-1:2024 4.2.41b) X X
1SO 18497-1:2024 4.2.410),d) X X
1SO 1549712024 17473) X
1SO 18497-1:2024 4242 fb), d,d), e), % % Q‘l)‘
), h) 2);
1SO 1$497-1:2024 4242 ¢g) X X AN
1SO 1$497-1:2024 4.2.5.1a) X O
1SO 1B497-1:2024 4.2.5.2a),b),d),d) X ol
1SO 18497-1:2024 4.2.6.1a) X O
1SO 18497-1:2024 4.2.6.2a),b), c), d) X K2
1SO 18497-1:2024 4.2.7.1 a),b) X o] X
1SO 1$497-1:2024 4.2.7.2 a),b) X ~X X
1SO 1B497-1:2024 4.2.8.1a),b), 0 X VY X
1SO 18497-1:2024 4.29.2 a) X o
-

1SO 18497-1:2024 4.29.2b) X X
1SO 18497-1:2024 4.2.10.1; 4.2.10.2; N

4.2.10.3; 4.2.10.4 ) ®$ X X

a), b) N
1SO 18497-1:2024 43.1;4.3.2.2 xO X
1SO 18497-1:2024 432.3;4324, | % %
4325 W
S
1SO 18497-1:2024 4.3.3.2;4333;
4.3.3.4; ;@.5 X
1SO 1$497-1:2024 445 X X
1SO 1$497-2:2024 (4.2.2a) X X
1SO 18497-2:2024 | N2 4.2.2b) X X
IS0 18497-2:2024 <y~ 4.2.20) X X
1SO 18497-2:2024 < 42.3 X X
1SO 18497-2:2024° | 4.2.4;4.2.5;4.2.6.2 X
1S0 1 349&?}0‘24 4.2.112; %.7.2; X X
A 27,

1SO 18497-2-2024 43—t % X
1SO 18497-3:2024 4.2.2.1a) X X
ISO 18497-3:2024 4.2.2.1h) X X
1SO 18497-3:2024 42210 X X
ISO 18497-3:2024 4.2.2.2 ) X X
1SO 18497-3:2024 422.2b) X X
1SO 18497-3:2024 4.2.2.20) X X
ISO 18497-3:2024 4.2.3.1;4.2.3.2 X X

© IS0 2024 - All rights reserved
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Table 1 (continued)

Inspection /

ISO 18497 Subclause . Measurement | Test | Simulation | Analysis
observation
[SO 18497-3:2024 4.2.4 X
ISO 18497-3:2024 4.2.5.1;4.2.5.2; X X
4.2.5.3
ISO 18497-3:2024 4.3;4.4 X X

4.3 Validation principles

Validatio

or risk refluction measures provided in the machine design.

a) Evaldation of used verification methods from 4.2.1:

— appropriate tests, test methods, setup, conditions and procedures;

— appropriate simulations, simulation methods, setup, conditions and procedures;

— 4

propriate analysis methods.

b) Evalyation of risk reduction level as intended per ISO 12100:2010.

¢) Evaldation of functional safety performance level as intended pex1SO 25119-1:2018, ISO 2511
Amd [1:2020, ISO 25119-2:2019, ISO 25119-3:2018, ISO 25119-3;2018/Amd 1:2020, ISO 25119-4;

ISO 2p119-4:2018/Amd 1:2020, or ISO 13849-1:2023 and 1SQ:13849-2:2012.

d) Evaldation of information for use:

— found in ISO 18497-1:2024, 4.5;

— found in ISO 18497-2:2024, 4.4;

— found in ISO 18497-3:2024, 4.4.

0-1:2018/
2018 and

© IS0 2024 - All rights reserved
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Annex A
(informative)

Information regarding physical properties of objects and humans for
use in development of test and simulation verification methods

A.1 Physical properties of objects

The physical properties of an object can include, but are not limited to:
— absorjption (physical);

— absorjption (electromagnetic);

— area;

— capaditance;

— colouf;
— densi[y;
— dielegtric;

— ductility;

— elasticity;

— electfic charge;

— electfical conductivity;
— electfical impedance;
— electfic field;

— emisgion;

— flow rate;

— fluidity;
— frequlency;

— hardmpess;

— inductance;

— intrinsic impedance;
— intensity;

— irradiance;

— length;

— location;

— luminance;

© IS0 2024 - All rights reserved
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A.2 Human dimensions

The following are sources for human adult and child anthropometric data:

— Japanese children size datal3];

ISO 18497-4:2024(en)

luminescence;

malleability;

magnetic field;

opacity;

permeability;

permittivity;

radia

reflegtivity;

strength;

temp

thermal conductivity;

veloc

volume.

[SO7

Physifal characteristic of childrenl(él.

NOTE 1

developmgnt which can be used to help determine appropriate ages of anthropometric data to use.

A.3 Hu

The following are values whjeh.can be used for human movement:

Veloc

NOTE

[SO 13

Accel

NOTEL2

nce;

brature;

ty;

250 (all parts)[2] to [4];

CEN/CENELEC Guide 14, Annex C-afnd DIZl is a source of information on age specific behd

man movement

ity representing walking of adult persons: between 0 mm/s and 1 600 mm/s;

1 1600 mm/s for velocity is in accordance with intended use of an industrial environment as
855(81,

pration of adult persons: between 0 mm/s2 and 2 000 mm/s2.

viour and

defined in

2 2 000 mm/s2 isthe-acceleration-of-an-adult Person initiatinanormal-w ':lkir:g Spaod of1

600 mm/s

according to the Journal of Rehabilitation Research and Development[9]

A.4 Human forces

— ISO/TS 15066:2016, Annex A[L0],

[SO1

3856-3:2013, Table 2[11],

© IS0 2024 - All rights reserved
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B.1 Environmental parameters

Environmnental parameters and severities can include, but are not limited to:

IEC 60721 (all parts)[12] is@asource for environmental parameters.

B.2 Specific stanndards containing environmental requirements

ISO 18497-4:2024(en)

Annex B
(informative)

Information regarding environmental influences for use in
development of test and simulation verification methods

indodr and/or outdoor use (sheltered or not);
statignary operation and/or mobile operation;
tempgrature and humidity;

precipitation (rain, hail or snow) and wind;
pressjure (of surrounding air, water, etc.);
solarfradiation and thermal radiation;
cond¢nsation and icing;

fog, dust, sand and salt mist;

vibration and shocks;

faund and flora (e.g. mould growth);
chemiical influences;

electtical and electromagnetic influences;
mechpnical load;

soundl.

IEC 6p65451H3],

1SO 16003(14]

EN 50125-1115],
1SO 19014-3[16],
IEC 60721-3-3[17],
IEC 60721-3-4[18],
IEC 60721-3-5[19],
IEC 60721-3-6[20],

© IS0 2024 - All rights reserved
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B.3 Other standards containing environmental requirements
— 1EC 60068 (all parts)[21],
— IEC 60529[22],

© IS0 2024 - All rights reserved
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Annex C
(informative)

Information regarding test objects for use in development of test and

simulation verification methods

C.1 Testobject

The following defines a test obstacle (e.g. intended to represent a seated human, small human, aniJnal):

a) thed

b) test dbstacle can be filled with water to represent the composition of the human body;

mensions given by Figure C.1;

c) test gbstacle can be filled with water and warmed by a heater to represent the temperatiire of the

humgdn body;

d) mate

e) the cglour should be olive green with matte surface.

NOTE

-ial should be plastic, e.g. polyethylene with matte surface;

“Olive green” is specified as 2.5 GY 3.5/3 by the Munsell Colour System or RAL 6003 by the Germdn Institute

for Quality Assurance and Certification (Deutsches Institut fiir Giitesicherung und Kennzeichnung e.V.). Qlive green
colour chopen to provide a challenging identification of the objectdn multiple field conditions (e.g. camouflalge).

Dimensions in millimetres

@140
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@3 380

Figure C.1 — Test obstacle dimensions

C.2 Specific standards containing test objects

— IS0 19206-1[23],

— 1S0 19206-21241,

— 1S0 19206-3[23],
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— IS0 19206-4[26],
— IS0 3691-4[271,

— United States of America Code of Federal Regulations[28],
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Annex D
(informative)

Information regarding examples of test procedures

D.1 Example test procedure for obstacle protective system (origin: test protocol
ARPA 1 - INRAEI29]))

NOTE
The test pi

D11 M
Record th
— maxi
— maxi
— dime
— direc

— list of
the fu

— safes
— hardx
— hardy
— versi
— descr

— oper§
testr

— infor
— take]

— note{

Test procedures are applicable to obstacle protective systems which prevent contact withbst
ocedures have been consolidated for the purpose of listing in this document.

anufacturer and machine information

e information from the manufacturer and machine under test:
num mass;

mum velocity in working condition;

hsion of the machine and its embedded implement to test;

Fions of travel of the machine (reverse, forward, etc.);

nction under test, as well as their values duringtesting;

tate of machine in case of failure;

vare and software version;

vare and software version of obstaclé protective system and their components in charge
bn of the operator manual;

iption of both the warnjng Zone and hazard zone if existent;

ting principle of the.dbstacle protective system if possible to find out impact factors that c:
psults;

mation concenning tire/tracks system: brand, type and pressure usage;
bhotos of the machine and obstacle protective system;

he battery state of charge at the beginning of the test (if applicable);

acles only.

the parameters that can be modified in the configuration environment of the machine ipvolved in

n disturb

— Trecor

tha data/haonr Aftha +act.
tHe-aate /1 oH-o+tie-+eSsSt

— record weather conditions, describe soil state, check conditions are in compliance with the operator manual;

— record the position of perception system on the machine (if applicable) (e.g. orientation, height).

D.1.2 Test parameters

— Perfo

rm test in flat ground, allows test repetition.

— Perform testin ideal weather condition, without rain, fog, dust emission, dry soil, frozen ground etc. with

exter

nal temperature in accordance with machine usage (operator manual).
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— Run the test at the maximum permissible mass and maximum velocity.

— Run the testin conditions in accordance within machine dimensions and its implements to test (operator
manual).

D.1.3 Test data to collect
— Record the machine velocity during test.
— Record the velocity and velocity standard deviation just before machine stop.

— Record the safe state of machine following stop before contact with test object.

D.1.4 Agdditional documents and support
— The gresence of a manufacturer representative can be necessary to:
a) cpnfigure the machine appropriately;
b) check that it operates consistently;
c) allow checking hardware and software information;
d) apsist with tests;

— The machine’s technical manual in addition to the operator’s manual supplied by the manufacturer and/
or any other documents specifying information needed to carfy out tests.

D.1.5 Test description

The macHine approaches the test obstacle and stops before contact is made between the test obgtacle and
the rigid parts of the machine or its implement. The reference test obstacle is described in C.1. Th¢ machine
is set on 4 straight path to achieve its maximum speed at steady power (see Figure D.1). Path is learned or
recorded pr generated previously by machine.

DT

TT RP

SP
Key

Lw working width

TT theoretical trajectory

SP  starting point

RP reference point for test obstacle
DT direction of travel

Figure D.1 — Example of obstacle located on a straight path to the machine

The test obstacle is placed successively at different lateral positions to check that the obstacle protective
system function operates in those cases as shown in Figure D.2. Machine behaviour is observed at all times.

© IS0 2024 - All rights reserved
13


https://standardsiso.com/api/?name=6f7c0971b776b8aea23518d1e440067a

ISO 18497-4:2024(en)

If a stop occurs before a contact between the test obstacle and the rigid parts of the machine, the minimum
distance “obstacle - machine”, D, , is measured (see Figure D.3). It is a metric used to evaluate the machine
stopping distance margin and to qualify its obstacle protective system.

The velocity is recorded during the test to check that it is compliant with a speed setpoint a few metres before
the machine changes its stopping process. The average speed for each iteration is reported in the test report.

The actual path of the machine is a succession of positions close to the setpoint path induced by the path
controller. These variations are described by standard deviation. This lateral deviation can set the machine
on a trajectory with no clear detection of the test obstacle. Thus, to verify that the machine does not hit the
test obstacle in those cases, position 4 and 5 in relation to the trajectory are set. Position 4 and 5 are optional
positions, at manufacturer’s request. The three-sigma rule of thumb is applied to cover 99,7 % of possible

lateral depiations-induced hy the pnfh controller.This parameter Atris r‘nmpnfnd from test repetition.
B
|
x fan
\14
TT
2
—
o~ o\ C_ ] B
b
K
N
RT i=]
|
X
132
Key
Atr standard deviation of lateral-position
DT direction of travel
RT real trajectory
Lw working width
TT theoretical trajectory
DT direction of.travel
dy, dy, d; | test obstacle centre distance from TT
1, 2, 3,4, 5| locations of test obstacles

Figure D.2 — Example of obstacles located in different lateral positions
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Table D.1 — Different locations of test obstacles regarding Figure D.2

Location of test obstacle Test obstacle centre located at a distance d; to the theoretical trajectory and set on the
axis passing through the reference test obstacle point and perpendicular to the theo-
retical trajectory

1 d1:0
2and3 d, =Lw/2 -R
4 and 5 d; =Lw/2 +3 Atr + R

With Atr: standard deviation of lateral machine position in relation to theoretical trajectory;
R: Test obstacle maximum radius

S I
=
Key
Lw  woyking width
D . minimum distance to test obstacle from machine outlitie

min
DT dirdction of travel

Figure D.3 — Measurement of minimum distance of machine and obstacle

D.1.6 Test preparation

The full information needed for the test shall be provided by the manufacturer (See D.1.1 and D.1.4). In case
of an eledtrically driven maching, all batteries are charged to proceed to all tests. In case of a cqmbustion
driven mpchine, tanks should be full for mass and induced energy considerations. The machihe should
embark ifs maximum mass/(an implement with maximum cantilever should be installed). The mjass of the
machine {s measureddefore the test and is noted in the final test report. After setting the machine on the
test track} a straight\path trajectory shall be recorded or defined so that nominal velocity is reached during
test and grior to test object contact.

D.1.7 Test procedure

For each obstacle position, the test is done at a minimum 7 times. These repetitions are needed to find the
standard deviation of machine position in relation to theoretical trajectory: Atr. In order to measure this
parameter, the testing station shall use a measurement method with an accuracy level under manufacturer
declared position accuracy.

Tests series are carried out on the other lateral side.
D.1.8 Measurement and devices

Velocity is measured from start to stop. Machine independent measuring system is used. Sensor technologies
used should guarantee the quality of the measurements performed (e.g. laser measurement system).
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Record the velocity and velocity standard deviation just before machine stop. Compare to the values fixed in
the machine operator’s manual.

After each test, measure the machine stop position in relation to the reference test obstacle. See Figure D.3.
D,,i, is the minimum distance between test obstacle and machine outline. It is a target metric. Document the
capabilities of the sensor used for the validation.

Measurement is done only after the machine is fully stopped. Start the distance sensor. Place it near the
machine at the closest position to the object. Acquire the distance measurement.

Record the state of machine following a stop before contact with the test obstacle. Compare to the values
fixed in the machine operator’s manual.

D.1.9 Afceptance criteria

In additidn to the performance criteria set by the manufacturer, the machine and its obstacle protective
system sHould fulfil at a minimum the following conditions after completion of the tests:

a) Machfine should not contact the test obstacle;

b) For a]l test obstacle positions except for position 4 and 5 (see Figure D.2), the:machine should stop and
recornffigure itself in safe state as described in the operator’s manual;

c¢) For t¢st obstacle positions 4 and 5; when the machine passes close by-but does not stop or make contact
with the test obstacle, the test result is considered as acceptable.

D.1.10 Optional test variations

At the maEufacturer’s request, tests may be redone in different conditions:
— test dbstacle at position 2 and 3 (see Figure D.2);

— variaple ground conditions;

— variaple environment conditions.

EXAMPLE Perpendicular trajectory exeCution from the previous one, for instance, due to sun distress in
relationship with some specific embedded perception sensors dedicated to obstacle detection.

D.2 E)jmple test procedure for obstacle protective system under rain and fog
environmental conditions (origin: test protocol ARPA 2 - INRAEI[39])

NOTE The test procedures have been consolidated for the purpose of listing in this document.

D.2.1 Manufacturer and machine information

Record thle infermation from the manufacturer and machine under test:

— maximyin mass;

— maximum velocity in working condition;
— dimension of the machine and its embedded implement to test;
— directions of travel of the machine (reverse, forward, etc.);

— list of the parameters that can be modified in the configuration environment of the machine involved in
the function under test, as well as their values during testing;

— safe state of machine in case of failure;

— hardware and software version;
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— hardware and software version of obstacle protective system and their components in charge;
— version of the operator manual;
— description of both the warning zone and hazard zone if exist;

— operating principle of the obstacle protective system if possible to find out impact factors that can disturb
test results;

— information concerning tire/tracks system: brand, type and pressure usage;

— take photos of the machine and obstacle protective system;

J— note thoe hattoruv state af charage atthe heaginnina of tho test (Gif annlicabla).
THEe-PDerttey >ttt oot g et eD e g T—crte— o ppreeoT 7

— record the date/hour of the test;

— recorf weather conditions, describe soil state, check conditions are in compliance with the.operat¢r manual;

p—

— record the position of perception system on the machine (if applicable) (e.g. orientation, height).

D.2.2 Test parameters
— Perfofrm the test in flat ground, allows test repetition.
— Perfo[m the test with external temperature in accordance with machine usage (operator manpal).
— Run the test at the maximum load and maximum velocity.

— Run the testin conditions in accordance within machine dimrensions and its implements to test|(operator
manyal).

D.2.3 Test data to collect
— Recofd the machine velocity during test.
— Recofd the velocity and velocity standard-deviation just before machine begins to brake.

— Recold the safe state of machine following stop before contact with test object.

D.2.4 Agdditional documents-and support

— The gresence of a manufacturer representative can be necessary to:
a) cpnfigure the machine appropriately;
b) check that iteperates consistently;
c) allow checking hardware and software information;

d) apsist with tests;

— The machine’s technical manual in addition to the operator’s manual supplied by the manufacturer and/
or any other documents specifying information needed to carry out tests.

D.2.5 Test description

This test consists of a series of unit tests applied to a machine or an obstacle protective system in harsh
environment conditions. Detection system submitted to test can estimate the distance to test obstacle in C.1
in function of various meteorological visibilities or densities (fog) and/or rainfall rates (rain). For each test,
the test obstacle is set in front of the machine (or the obstacle protective system) in two steps as described
in Table D.2 and in Figure D.4. Test order is always from closer to farther from the machine.
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Table D.2 — Test obstacle positions along the machine longitudinal axis

Test Test obstacle positions along the machine longitudinal axis
1 Edge of the object on the detection boundary
2 Object on the detection boundary

HZB

] WZB

Key
HZ  hazprd zone

HZB hazprd zone boundary
WZ  warning zone

WZB warning zone boundary
TO  C.1festobject

FigureD;4'— Test obstacle positions near boundary

Sequence|of test follows this pattern for rain and fog distress:
— Blani test: without test obstacle;
— Hazafd zone houndary test: edge of the test obstacle is positioned on the hazard zone boundary;

— Warringzohe boundary test: test obstacle is positioned on the warning zone boundary.

D.2.6 Testpreparation

The machine or obstacle protective system is set up inside a platform producing controlled fog and rain. The
tests are carried out at a fixed position. When only the obstacle protective system is tested, its height position
should meet its normal position when used mounted on the machine. Distances from the obstacle protective
system to the hazard zone boundary and detection boundary limits are reported on the platform ground.

Manufacturers should make sure its obstacle protective system is correctly protected from water like it
should be when used on the machine.

The platform dimensions should fit a complete machine in it, but the test can be conducted with only the
obstacle protective system and its post-treatment computer unit. Platform length should be at least 15 m.
This can allow any type of obstacle protective system with a rightful range of length detection. The platform
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should provide a direct measurement of rainfall rate, rain and fog droplet size distribution and temperature
measurement.

For rain and fog, the precipitation should be distributed evenly. Tests providing rain should be sized to allow

atleast9

Fog dropl

minutes test at the highest rainfall rate level.

et size should be around 1 pm (up to 10 um).

Rain droplet size ranges between 0,2 mm to 2,5 mm, depending on rainfall rate.

D.2.7 Test procedure

Five levels of rain are used:

— 20!
— 45!
— 75z
— 100 3
— 165 4

Once the ]
or no detg

Proceed v
Fill the pl
Perform e
— fogdi

— stabi
for ed

Fog and 1
(rain) up

D.2.8 M

Rainfall 1
measuren

If needed

b mm-h1;
b mm-h1;
b mm-h1;
5 mm-h1;
5 mm-h~1,

platform valves are opened and level of rainfall rate stabilised, reécord state of perception:
ction of test obstacle.

vith each level likewise.

htform with fog to complete saturation (meteorological visibility < 10 m).

ither one kind of fog test:

ssipation leading to a meteorological visibility variation from about 10 m to 500 m durin

ized fogs at prescribed visibility levels between 10 m and about 100 m, without duration
ch level.

ain tests shall be repeated with increasing visibility levels (fog) or decreasing rainfall
o target detection.

easurement and devices

ate is measured ‘continuously. Sensor technologies used should guarantee the qual
hents performed (e.g. disdrometer).

droplet_size" distribution measurement devices can be controlled before tests with

latex droilets. Meteorological visibility is usually measured via a transmissometer, according to

Meteorol
distance.

gical-Organization. It is composed of two parts: a light emitter and a receiver, separ

Thetransmittance corresponds to the ratio of the luminous flux received over the lum

detection

g 20 min;

imitation

rate level

ty of the

ralibrated
the World
ated by a
nous flux

emitted bl the source The meteorological visibility is calculated from the measurement of this m4

D.2.9 Acceptance criteria

lgnitude.

In addition to the performance criteria set by the manufacturer, the machine and its obstacle protective
system should, at a minimum, detect the test obstacle on edge of the hazard zone boundary, or before, for all
fog and rain density conditions.

D.2.10 Test results

The manufacturer may change its settings to optimize its perception system. Any change can result in
repetition of test. For each test, test obstacle position, observations and perception system settings are
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reported in a results table. During fog test, the meteorological visibility is reported when system detects the
test obstacle, and rainfall rate is reported for the rain tests.

D.3 Example test procedure for autonomous operating zone (origin: test protocol
ARPA 3 - INRAEI[31])

NOTE

The test procedures have been consolidated for the purpose of listing in this document.

D.3.1 Manufacturer and machine information

Record the information from the manufacturer and machine under test:

— maxil
—  maxil
— dime
— direc

— list of
the fu

— type

— meth
and t

— safe s
— for ed
— hardx
— hardx
— versi
— descr

— opers
distu

— infor
— take]
— note {

— thed

mum mass;
mum velocity in working condition;
hsion of the machine and its embedded implement to test;

Fions of travel of the machine (reverse, forward, etc.);

nction under test, as well as their values during testing;
bf boundaries (digital, physical, etc.);

bd to make the acquisition of boundaries (e.g. registration ‘of geographical landmarks by
ransfer by proprietary system);

tate of machine in case of failure;

ges: note the type needed and acquired method;

vare and software version;

vare and software version of obstacle-protective system and their components in charge
n of the operator manual;

iption of both the warningZone and hazard zone if exist;

ting principle of the obstacle protective system, if possible, to find out impact factor;
'b test results;

mation concerpitig'tire/tracks system: brand, type and pressure usage;
bhotos of the-machine and obstacle protective system;

he battery state of charge at the beginning of the test (if applicable);

the parameters that can be modified in the configuration environméent of the machine ipvolved in

 pointing

that can

ht€/hour of the test;

— weather conditions, describe soil state, check conditions are in compliance with the operator manual;

— the position of perception system on the machine (if applicable) (e.g. orientation, height).

D.3.2 Test parameters

— Perfo

rm the test in flat ground, allows test repetition.

— Perform the test in weather conditions that allow a good repeatability of test (ground conditions) and
without disruption of visibility (fog, rain, dust).

— Define a representative off-road soil for the evolution area.
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— Run the test at the maximum load and maximum velocity.

— Define an area with varying evolution edges shapes.

— Perform test in flat evolution area to limit test condition.

— Define the evolution area regarding activities, if machine works with algorithm of structure detection or not.

— Run the test in conditions in accordance with machine dimensions and its implements to test (operator
manual).

D.3.3 Test data to collect

— Recofd the machine velocCity during test.

— If maghine goes out of the evolution area, record behaviour of machine and safe state.

D.3.4 Afditional documents and support
— The dresence of a manufacturer representative can be necessary to:
a) cpnfigure the machine appropriately;
b) check that it operates consistently;
c) allow checking hardware and software information;
d) apsist with tests;

— The machines technical manual in addition to the operater manual supplied by the manufactuger and/or
any other documents specifying information needed £6carry out tests.

D.3.5 Test description

This arealis a level flat test area, on grassy, agrictiltural type soil, with an average ground grip coefflicient [0,4
to 0,8]. The shape of the level test area, see Figlite D.5, is a succession of obtuse and acute angles, ih order to
create a cpmplex, artificial but realistic, ggohtetry for testing the autonomous operating zone deviges.
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1

~

A

—_—_ A
Key
AG overall parcel width
AB overall parcel length
GF length of narrow parcel segment
X middle point of AB
H middle point of AB offset by Y
Y offset height of H
R radius of parcel arc
E point created by intersection of parcel arc R and width segment E and F
D point created by intersectigmof parcel arc R and segment C and D

Aand G width parcel segment

BandC width parcel segment\parallel to AG

Aand B length parcel segment

Gand F length parcel-segment parallel to AB

EandF width parcelsegment parallel to AG

CandD parcel segment with angle of 50 degrees from segment B and C
1,2 and 3 | areas’of parcel

Figure D.5 — Shape of test area

In Figure D.5, the area 1 provides behaviour observations of the machine on a narrow path. Likewise, the
area 2 provides behaviour observations of the machine on a circular arc-shaped edge, while the area 3
provides behaviour observations of the machine on a succession of obtuse and acute angles.

Parcel dimensions are as a function of machine’s working width (Lw) and length (Long) dimensions, thus
the test area remains at the machine’s scale. The dimensions are described in Table D.3 as follows, expressed
in metres:
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Table D.3 — Geometry for shape of test area

Parcel dimension (see Figure D.5) Calculation

AG ax (Lw+Long) /2
BC AG

AB Bx (Lw + Long) / 2
GF 1,5x Lw

Y 1/10 x AG

R, X AB /2

H AB /2

With a anld [ are shape and span factors (ax =11, 3=22) to adapt the dimensions of the parcel to the

machine 4
Point H is

The arco
sixth of tH

D.3.6 Ti

The full i
case of an
driven ma
its maxini
weight is

For the gl

nd guarantee proportionality for all machines.
the middle of the AB segment offset by the height Y. The angle BCD is 50 degrees

[a circle can be considered as a succession of six segments of equal length te’each other ¢
e length of the arc.

pst preparation
electrically driven machine, all batteries are charged to proceed to all tests. In case of a ca
chine, tanks should be full for mass and induced energy considerations. The machine shg

done before the test and is noted in final test report.

bbal validation test described in D.3.7.1:

— Likew
impld
and W

— Thus
over

— The W

— Inth
defin
befor
crop

Fise, the test is carried out with a-maXimum working speed setting appropriate to the ta:
ment, machine can automatically’adapt its speed according to its assessment of the eny
forking conditions in accordance with the software version tested;

tests are performed underthe most severe conditions of use to guarantee the machine’s
ts entire field of use;

Feather conditions,(for implementation) should be good (dry weather, no fog, no excessiv

s test, machine follows trajectory in nominal operating mode. Machine’s trajectories
bd in accordance with the operator’s manual. In case of GPS based following, the tracks are
chand<indccordance with the operator’s manual. In case of structure based following,
fowy efc., an artificial structure can be installed in field by the manufacturer representat

bize of the

nd to one

pformation needed for the test should be provided from the manufacturer. See D.3.1 andl D.3.3. In

mbustion
11 embark

um mass (implement with maximum cantilever should:be'installed). The measurement of machine

achine is equipped to obtain the maxinfdm mass (machine-implement system if applicable)
descrjibed in the machine operator’s manual while respecting the standard distribution of lo3

— Thejln

machjine (identical distributions to maintainithe same dynamic behaviour);

ds on the

k and the
ironment

operation

e dust);

should be
recorded
like vine,
ve;

— Evol

— Testi

tioh nr‘goc definition and installation are done-in accordance with the user manual proced

s repeated at a minimum 3 times;

dures;

— Throughout the test, machine’s position and its associated implements, if any, is recorded by a relative or
absolute positioning system implemented by the testing station (aerial photos of the machine in relation
to evolution edges, multiple GPS points, laser tracker, etc.).

For the edge crossing test described in D.3.7.2:

— The shape of the evolution area is recalculated with regard to the machine dimensions (see Figure D.5);

— Evolution area is implanted in an agricultural field. The GPS points of the evolution area can be shared
with the test requester;
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— Measurement devices are positioned near the evolution area;

— Paths trajectory are generated so that nominal velocity is reached during test from specific software in
accordance with test specifications and established with manufacturer to be compatible;

— Import paths trajectory to machine information technology, set the machine on the test track, and check
with first test(s) that machine works fine in accordance with test conditions;

— Run tests in autonomous condition.

D.3.7 Test procedure

D.3.7.1

The aim ik to assess, in a standard operating situation, the autonomous operating zone feature gf keeping
the machjne in its evolution area, in a level field with an edge of particular shape to_create 4 range of
machine gpproach angle to the edge (factor identified as potentially leading to exit the area, see Figure D.5).
If necessdry, the shape is adjusted to be in accordance with technical or operator’s manual.

First, a trjajectory following the parcel edge is generated. It simulates a field outline work in furction of a
machine yorking width, close to the one described in Figure D.6. This trajectory should minimiz¢ the non-
worked syirface between this path and the edge. On the other hand, in the ndrpow path, the aim is to observe
the respect of the evolution edges despite the path narrowness and t@ subject the machine t¢ difficult
narrow sirip. Strip width is: E = 1,5 x Lw.

Second, the machine evolves on a level test parcel. The trajectorg’should be defined to cover th¢ working
area as wgll as possible. Figures D.6 and D.7 show the two propdsed modes of the machine's trajgctories in
the test parcel.

Figure D.6 — Trajectory type to simulate field outline work
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Lag
>
>

<

Key
Lw work|ng width

Figure D.7 — Trajectory type to cover the working area

These "bgsic" trajectories can be generated by the sgftware associated with the machine and deflicated to
this functiion. If no proprietary software exists, testing station generates these trajectories.

D.3.7.2 [Edge crossing test

The aim |s to assess the autonomous operation zone feature of keeping the machine in its wornking area
when askgd to proceed to follow a trajectory crossing the evolution edges. The trajectory type in this mode
is shown |n Figure D.8. First, assess.the machine behaviour in regards to accepting the trajectory type.

Second, iffthe machine starts.to follow trajectory, the testing station should record every event angl machine
behaviouf.
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|
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Key
A B CDHFG H parcel characteristic points
AG overall parcel width
« trajectory type

Figure D.8 — Trajectory type for edge crossing tests

D.3.8 Measurement and devices

Velocity i measured from start to stop. Machine independent measuring system is used. Sensor teghnologies
used shoyld guarantee the quality of the measurements performed (e.g. laser measurement syster).

Evolution|edges position is measured'before test with the same geographical reference than the ope used to
track maghine.

D.3.9 Agceptance criteria

In addition to the perfofmance criteria set by the manufacturer, the machine and its autonomous poperating
zone system should fulfil at a minimum the following conditions after completion of the two tests.

a) Machjne sheuld’remain in the evolution area without ever crossing over any evolution edge. The whole
machijine is\eonsidered (including the implements) for non-crossing (at all points of the machinje).

b) Machine g 3 3 's manual
in case of losing control leading to cross over any evolution edge and exiting out of the evolution area
(Example: uncontrolled slip as in the end of the edge crossing test, external system that keeps the
machine from exiting).

c¢) For the edge crossing test the test result is considered as acceptable if:
1) the machine stops before crossing over evolution edge;

2) themachine and its information technology system reject the possibility to perform trajectory tracking
after analysis and detection of a crossing between the theoretical trajectory and evolution edges.
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D.4 Example test procedure for semi-autonomous and autonomous tractors (origin:
NARO test methods!32])

NOTE
test procedures have been consolidated for the purpose of listing in this document.

Test procedure applicable for obstacle protective systems which prevent contact with obstacle

D.4.1 Overview

s only. The

The methods and criteria of this test are applied to an agricultural tractor (riding type) (hereinafter referred
to as tractors) that autonomously operates in an agricultural field without an onboard operator but is subject
to the supervision of the operator located in or near the field.

St 1tems

5 conducted on the following inspection and test items:
fural inspection;

al mode function test;

tion state indication function test;

n/obstacle detection function test;

necessary safety function test;

bility test;

hal test: person/obstacle detection function test (on starting)

pst conditions

Measuring instrument

p instruments shall be verified and corrected.

Discontinuation of test
ction and test shall be discontinued for the following occasions:

the tractor to be inspected is different from its normal state (the state in which the ty
plement have beén-manufactured as designed and the quality is guaranteed), or wher
ction or test cannot be performed due to the occurrence of damage, abnormality, etc.

ithstandingrabove, inspection and test can be continued when the inspecting agency r|
e reason for the damage/abnormality cannot be attributed to the applicant, or that the

abnormalityiis a minor, and by replacing parts, a proper inspection or test can be promptly co

D.4.2 Ti
The testi
a) struc
b) many
c) opera
d) persd
e) other
f) opers
g) optio
D.4.3 T
D.4.3.1
Measurin
D.4.3.2
The inspe
a) Wher
%ts iny
inspe
Not
that
b)

actor and
a proper

pcognizes
damage/
htinued.

An odcasion the applicant requests to discontinue the inspection and/or test.

D.4.4 Inspections and test methods

D.4.4.1 Structural inspection

D.4.4.1.1 Purpose

This inspection checks the equipment required for autonomous operation.
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Inspection and test items

a) Autonomous mode/manual mode switching device.

b) Indicator displaying the operation state (hereinafter referred to as the indicator).

c) Syste

m required for the autonomous operation.

d) Function to prevent exceeding the operation zone.

e) Other necessary equipment, etc.

D.4.4.1.3

Test acceptance

Equipment necessary for the autonomous operation is installed, and the equipment that requires
inputs for| operation is positioned so that it can be safely and easily handled by the operater.in the normal
working position. In addition, the functions and operation methods of the equipment”are
Furthermlore, the tractor shall have a function to remain inside the operation zone\during au
operation|including the implement attached to it.

D.4.4.2

D.4.4.2.1

This test

D.4.4.2.2
a) Thet
b) Thet

D.4.4.2.3
Check bel

operation|

D.4.4.2.4

The autor

D.4.4.3

D.4.4.3.1

This test

anual mode function test

Purpose

Checks the tractor’s behaviours in the autonomous operation disabled state.

Test conditions
Factor shall be placed on a flat and paved surfacel

bst shall be conducted with the tractor parked:

Test method

haviours of the tractor in the manual mode when the operator instructs it to start au

Test acceptance

omous operation cannot be started in manual mode.
Operation status’indication function test

Purpose

Checks that the indicators of the tractor’s operation state clearly display the relevant in

at the ope

rator’s position.

pperator’s

ndicated.
fonomous

fonomous

formation

D.4.4.3.2

Test conditions

a) The tractor shall be placed on a flat and paved surface.

b) The test shall be performed on a parked or operating tractor in autonomous mode.

D.4.4.3.3

Test method

a) Check the indication when the tractor is in autonomous operation state.

b) Check the indication when the tractor is in autonomous operation enabled state.
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¢) Check the indication when the tractor is in autonomous operation disabled state.

D.4.4.3.4 Testacceptance

The state of the tractor is indicated correctly, and the operator can easily recognize the state of the tractor.

D.4.4.4 Person/obstacle detection function test

D.4.4.4.1 Purpose

This test checks that the tractor detects a person or an obstacle approaching without contact in autonomous

operatio

And warns people in the surroundings and stops autonomously.

D.4.4.4.2| Test conditions

a) The tfactor shall be placed on a flat and paved, dry surface.

b) The testshall be performed with the tractor moving (permissible maximum spe€d}in autonompus mode.

¢) The tpst obstacle shall conform with Annex C.1.

d) The tpest obstacle shall be placed, both in front or behind the tractor, on-the centre line of the roll axis
direction of the tractor (hereinafter referred to as the centre line) asywell as the straight lings parallel
to the¢ centre line passing through the outermost side of the tragtor including the implement that the
applitant mounts (See Figure D.9).

D.4.4.4.3| Test method

a) Testin the warning zone

b)

1) With the test obstacle placed in front of the ttactor, as the tractor moves forward, check b

2)

the tractor when the test obstacle enters the warning zone.

ith the test obstacle placed behind-the tractor, as the tractor moves backward, check b
the tractor when the test obstacle'enters the warning zone.

Test in the hazard zone

1y

2)

ith the test obstacle placed in front of the tractor, as the tractor moves forward, check b
the tractor when the€test obstacle enters the hazard zone.

ith the test obstacle placed behind the tractor, as the tractor moves backward, check b
the tractor when the test obstacle enters the hazard zone.

bhaviours

bhaviours

bhaviours

bhaviours
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a) Awa

b) Thet
imple

D.4.4.5

D.4.4.5.1

This test
communi

ISO 18497-4:2024(en)

:%ﬁn

Test acceptance

ming signal shall be issuedg‘ .

Other necesszg:}afety function check

Purpo%v

cher@he operability of the pendant control device, etc., and safety functions in [case of a
failure.

Figure D.9 — Relative positio.fx‘sef)f the tractor and test obstacle

xO
-
’\C)

O

Factor and its implemert@st not come into contact with the test obstacle. Also, the tracfor and its
ment shall stop. O A

Q.

D.4.4.5.2 Test conditions

a) The tractor shall be placed on a flat and paved surface.

b) The test shall be performed on the tractor in the autonomous mode, parked, and in operation.

D.4.4.5.3 Test method

a) Check the procedure to start the autonomous operation.

b) Check tractor’s behaviours when the operator instructs the tractor in the autonomous operation to stop.
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