INTERNATIONAL ISO
STANDARD 18497

First edition
2018-11

Agricultural machinery and
tractors — Safety of highly automated
agricultural machines— Principles

for design

Tracteurs et matériels agricoles — Sécurité des machines|hautement
automatisées — Principeés. de conception

Reference number
1SO 18497:2018(E)

©1S0 2018


https://standardsiso.com/api/?name=788921eabd1aeb7eaa23441c77cfe585

ISO 18497:2018(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2018

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

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=788921eabd1aeb7eaa23441c77cfe585

ISO 18497:2018(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
IIMETOUICEIONL. ..ot 8885 v
1 S0P ... 1
2 NOTINATIVE FEEETE@IICES ............ooooiooeee st 1
3 Terms aNd AefiMETIOMNIS ... 2
4 Safety requirements and protective or risk reduction measures
4.1 GEIIETAL ..o
4.2 Principles for protection
4.3 Machine enabling OPerations ...l oy
4.3.1  General reqUITEMENTES. ... N e
4.3.2 Labelling and identification
4.3.3  Functional reqUirements ... B bt
4.4 Operational ProCeAUIES ... o e
441 General requirements................
4.4.2  Automated engine control.................
4.4.3  Automated motion control..............
4.5 Machine operational status..........ccccne
4.6 Overriding of highly automated operation
4.7  Remote stopping of highly automated operation...........nn]
4.8 Pendant CONEIOL. ... B
4.9 Operational speeds of the machine...... >
410 Communication SYSteM ........ccqdumon
4.11 Perception SYyStem......ocmcrcit i
4.11.1  General.. S,
4.11.2 Possible risk and failuré modes.......
4.11.3  Fault ManagemiEnEir. ..o
412 Safeguarding SYSTOIM ... m st
4.13 Visual and audible alarms.
S 700 N V4 U] = U = OO
4.13.2  AUiDIE@LATIN .....oooos s
5 Verification and validation of the safety requirements and protective or risk
TEAUCTION IMEASTHIES...........occoooeeoee et
5.1 Generals ..
5.2 Verification methods
5.3 TeStobject SPECIfiCaAtiON ... ..o e 14
5.4 <{Vgrification of minimum performance of the systems perception and safety...}........c..... 14
6 INFOFMATION FOT WSE.......oocci s e 15
Anne¢xA (informative) List of significant hazards..............e e 16
BIDIIOGIAPIIY ... 18
© 1S0 2018 - All rights reserved iii


https://standardsiso.com/api/?name=788921eabd1aeb7eaa23441c77cfe585

ISO 18497

:2018(E)

Foreword

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

This document is a type-B1 standard as stated in ISO 12100.

This document is of relevance, in particular, for the following stakeholder groups representing the
market players with regard to machinery safety:

— machine manufacturers (small, medium and large enterprises);
— health and safety bodies (regulators, accident prevention organisations, market surveillance, etc.).

ment by the

— 1nachine users/employers (small, medium and large enterprises);

— 1nachine users/employees (e.g. trade unions, organizations for people with special needls);
— gervice providers, e.g. for maintenance (small, medium and large enterprises);
— ¢onsumers (in case of machinery intended for use by consumers).

The above-mentioned stakeholder groups have been given the péssibility to participate at fthe drafting
process of this document.

In addition, this document is intended for standardization.bodies elaborating type-C standards.
The tequirements of this document can be supplemented or modified by a type-C standard

For rhachines which are covered by the scope of @;type-C standard and which have been designed and
built{according to the requirements of that standard, the requirements of that type-C standard take
precedence.

The gtructure of safety standards in thefield of machinery is as follows.

— Type-A standards (basis standards) give basic concepts, principles for design, and genferal aspects
that can be applied to machinery.

.

— Type-B standards (generic safety standards) deal with one or more safety aspects or pne or more
tlypes of safeguards-that can be used across a wide range of machinery:

— Type-B1 standards on particular safety aspects (e.g. safety distances, surface temperature, noise);

— Type-B2,standards on safeguards (e.g. two-hands controls, interlocking device¢s, pressure
sensitiye devices, guards).

— Typé-€ standards (machinery safety standards) deal with detailed safety requirements for a
particular machine or group of machines.

Highly automated agricultural machine operations are an enabling technology. Customer benefits are
increased; productivity and increased operator comfort.

Highly automated operation is a departure from traditional machine applications in the agricultural
machinery and mobile equipment sectors that up to now required an on-board operator to perform
work. Highly automated operations require unique safety considerations.

The objective of this document is to specify principles for the design of highly automated agricultural
machine operations to achieve safe operation. Should requirements of this document for highly
automated operation be different from those which are stated in a machine-specific standard dealing
with highly automated operation, the requirements of the machine-specific standard take precedence
over the requirements of this document.

© ISO 2018 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 18497:2018(E)

Agricultural machinery and tractors — Safety of highly
automated agricultural machines — Principles for design

1 Scope

This document specifies principles for the design of highly automated aspects of highly automated

mack
prop
of in
the iy

ires—armdvettictes (e g agricuttural tractors, tractor (Mplenent SySterTs, [MpieTeT
elled machinery) during agricultural field operations. In addition, it provides guidancg
ormation on safe working practices (including information about residual risks)'to be
nanufacturer.

The §
and 1
and 4

burpose of this document is to assist in the provision of safety requirements, means of]
nformation for use to ensure an appropriate level of safety for agricultural and fores

This
Anng
autoj
the iy

document deals with all the significant hazards, hazardous situations and events
x_A), relevant to agricultural and forestry tractors and self-propelled machines allo
mated field operations when used as intended and under<€hge conditions of misuse foj
hanufacturer during normal operation and service.

NOTH
infor

1  While this document gives principles for the design, verification, validation and
mation for use of a highly automated agricultural¢machine (HAAM), the detailed spg

elf-propelled machines with functions allowing highly automated operations (see 3.7)}

ts and self-
on the type
provided by

verification
try tractors

(as listed in
wing highly
eseeable by

provision of
cification of

requirements for a specific application will be dependent on the machine and its operating conditions. Therefore,

the p|
speci
addit
Scopé

rinciples for design given in this document need-to be extended for specific HAAM by the uj

fic (type-C) standards, when available, or by thié-manufacturer of the machine using risk assq

jonal specification of requirements, for design, verification, validation or information for use a
of this document.

NOTH
avail

2 Safety requirements for specific:machines not related to their highly automated oper
hble in machine-specific type-C standards.

This[document is not applicableto:

orestry applications;

obile, semi-mobileor stationary machinery used for farm yard or barn operations;
perations onpiiblic roads including relevant requirements for braking and steering sy

NOTE3  With respect to implements (e.g. their specific design, functions) and the communica

e of relevant
ssment. Such
e outside the

htions can be

rstems.

rion between
ch additional

This

ractor implement systems,

implements and self-propelled machines which are manufactured before the date of its publication.

2 Normative references

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

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

ISO 3767-2, 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

© ISO 2018 - All rights reserved 1
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[SO 4254-1, Agricultural machinery — Safety — Part 1: General requirements
[SO 7731:2003, Ergonomics — Danger signals for public and work areas — Auditory danger signals
ISO 12100, Safety of machinery — General principles for design — Risk assessment and risk reduction

ISO 13849-1:2015, Safety of machinery — Safety-related parts of control systems — Part 1: General
principles for design

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

ISO 25119 (all parts), Tractors and machinery for agriculture and forestry — Safety-related parts of
control systdms

ISO 26322-1| Tractors for agriculture and forestry — Safety — Part 1: Standard tractors

IEC 61508 |(all parts), Functional safety of electrical/electronic/programmable elestronic sqfety-
related systems

3 Terms and definitions

For the purposes of this document, the terms and definitions given in 1SO 4254-1, ISO 1210( and
ISO 26322-1and the following apply.

ISO and [EC|maintain terminological databases for use in standardization at the following addressgs:

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

— IEC Eledtropedia: available at http://www.electropedia.org/

31
audible alarm
signal that i intended to be detected by the hunan sense of hearing

3.2
communicgtion
information|or data transmitted by a data network

3.3
disabled state
machine stafte in which highlj-automated operation (3.8) is not allowed

34
enabled state
machine statte in which highly automated operation (3.8) is allowed

3.5
guarding system
system that reacts to information received from the perception system (3.14) to avoid contact

3.6

hazard zone

area which is a subset of the warning zone (3.19) and where if an obstacle (3.12) is within that area, then
the potential for injury can exist due to movement of the machine or implement

3.7

highly automated agricultural machine

HAAM

mobile vehicle or machine with or without on-board operator allowing highly automated operation (3.8)

2 © ISO 2018 - All rights reserved
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3.8

highly automated operation

function that is controlled by a control system without direct human input from local or remote operator
(3.15), does not require an on-board operator for primary control, does or does not include an on-board
operator station, and is subject to a supervisory system (3.17)

3.9

impaired state

point of degradation where highly automated operation (3.8) can no longer be completed safely in the
current conditions

3.10
local operator
human in primary control of a machine through the on-board operator controls or{throsigh pendant
control (3.13)

3.11
machine motion control
contfol of the unshielded highly automated machine components

EXANIPLE Working tools.

3.12
obstacle
obje¢t or ground condition which can cause harm, or is harmed, if it comes into contact or cpllision with
the highly automated machinery

3.13
pendant control
wireless or wired hand-held control unit with\iriterfaces to the control system and with only local
operption allowed

3.14
perception system
system that gathers and processes information about the environment in which the|machine is
operpting

3.15
remote operator
human who is

— in primary control of a machine through the supervisory system (3.17),
— Teceiving(data for the purpose of supervising machine activity, and

— s nat'en the machine but is located in the field, close to the field, or away from the field

3.16
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

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

3.17

supervisory system

means to inform the operator responsible for the highly automated operation (3.8) about the machine
and its operational status

© ISO 2018 - All rights reserved 3
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visual alarm
signal that is intended to be detected by the human sense for sight

3.19
warning zo

ne

area where if an obstacle (3.12) is within and no action is taken, then the obstacle might enter the

hazard zone

3.20

(3.6)

wheel motion control

control of t

4 Safety)|

4.1 Gene

The highly
machine-sp
the safety rg

shall be designed according to the principles of ISO 12100 for relevant butnot significant hazards v

are not deal

Requiremen
of machine
and corresp
type-C stan

NOTE
document in
examples are
loss of comm
(safe state), 4

automated operation), 4.10 (time delay between-loss of communication and safe state), 4.12 (safe state).

4.2 Prind
For ensurin

the HA/

other olpstacles relative to the machine;

the HA]
HAAM 4
bounda

The application of the risk assessment by the~manufacturer is relevant for the application o

Lialal 4 radd | 2 ikl . 3 | | +lo |
< lllslll_y dUltUIIIdatlCTu 111aCIIrmiT lllUVlllS vVViILIT A UIl TLLIUITL dITU DIJCCU dl1IUSO LIIT Sl Ul

requirements and protective or risk reduction measures

ral

automated agricultural machine (HAAM) shall comply with thé_relevant portiol
ecific safety standards [e.g. [ISO 4254 (all relevant parts), ISO 26322(all relevant parts)
quirements and protective or risk reduction measures of 4.2 to4:13. In addition, the H

[ with by this document.

ts based on the principles for design given in this document may be dependent on the

pnding verification procedures shall be determined using risk assessment. Machine sp
lards, when available, can give machine specific requirements.

peneral to develop the given design principles into detailed machine specific requirements. Spj
4.4.2.2.1 (pre-start and total warning time), 4.4.2.6 (safe state), 4.4.2.8 (safe state and durat
unication), 4.4.3.2.1 (pre-start and warning time), 4.4.3.3.1 (pre-start and warning time), 4
1.4.3.9 (time delay and safe state), 4.6, 4.7 and 4.11.3.2 (safe state and enabling subsequent H

iples for protection
b an appropriate level of safety:
AM shall be provided with a perception system capable of detecting and locating perso

AM shallkbe provided with a perception system capable of locating and positionin
s required for the operations involved while preventing unintended excursions beyon

s of
| and
AAM
rhich

type

nd the necessary operating conditions. When this applies, the specification of requirements

beific

f this
lecific
on of
4.3.6

ighly

ns or

b the
d the

'y of'the working area;

obstacle in the hazard zone;

enters t

he hazard zone, give an audible or visual alarm and enter its defined safe state;

highly automated operation;

the HAAM shall allow adequate supervision by a local or remote operator.

before each movement of the HAAM, it shall be ensured, by the safeguarding system, that there is no

while performing highly automated operations, the HAAM shall, when an obstacle is detected in or

the HAAM shall be provided with the means to enable a local or remote operator to stop or start
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Machine enabling operations

4.3.1 General requirements

The HAAM shall be equipped with a means to enable and disable highly automated operations. The
means provided shall be:

— easily identifiable;

— readily accessible by the operator;

1

netallad on th A ITAANM o thn ool
IStarr e ottt O tHItrit-tao

i arrid
T TCr

arator ctatioa (1
T

or available

1

aan L
TIIX7 XY THE-operatot—Stattont

I »)

o the remote operator;

— protected against unintentional actuation.

4.3.2

Syml|
and ¢

4.3.3

Avai

Labelling and identification

pols shall comply with ISO 3767-1 and ISO 3767-2. The HAAM state indicators shall be u
basily identifiable.

Functional requirements

able control states shall include highly automated system disabled and highly autom

enab

ed.

In thle disabled state, all highly automated machinesoperations shall be stopped and disg

enab
Only]
[t shd
and,

4.4

4.4.1

It shd
that
confi
will

Whe
high

ed state, highly automated operations shall be\pérmitted.
the local operator shall be able to enable the highly automated machine.

11l always be possible to disable the highly automated operation either at the local oper4
for remote supervision, at the remate operating position.

Operational procedures

General requirements

11 not be possible.to-nitiate highly automated operation without the perception systen;
the hazard zone is obstacle-free. In addition, initiating highly automated operation g
rmation by dlocal operator unless it can be shown by risk assessment that no signifid
rise.

h a highly automated operation is stopped (whatever the reason), the procedure for r¢
y automated operation shall require initiation by the operator.

hambiguous

ated system

bled. In the

1tor position

| confirming
hall require
ant hazards

starting the

4.4.2 Automated engine control

4.4.2.1 General

Automated engine control shall only be allowed when highly automated operations are enabled.

Engine start requirements also apply to the engagement of the machine’s power source (for example,
main contact closing on a battery powered system).

© ISO
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4.4.2.2 Automated engine start

4.4.2.2.1 General

The HAAM shall only allow starting of the engine in response to a request from the operator to start
the engine.

Prior to engine cranking an audible alarm shall be initiated and remain active for the duration of the
warning period. The delay between initiation of the audible warning and engine cranking and the
duration of the warning after engine starting shall be sufficient to avoid exposure to hazards taking
into account the charateristics of the machine and its operating environment.

Engine cranlking shall only be allowed after the warning period has expired.

The HAAM ghall shutdown the engine in response to an obstacle entering the hazard zong surrounding
the engine during the warning period or during engine cranking.

In the event|that engine cranking stops for more than 1 s, the engine warning period Shall be restarted.

If multiple ¢ngines are used, the exact alarm sequence of additional engines-after the first shdll be
determined|by the manufacturer through a risk assessment.

4.4.2.2.2 Hazard checks

The hazard [zone surrounding the engine shall be confirmed to bé\free of obstacles for the duratipn of
the warning period prior to and during engine cranking and cranking shall stop should an obstadle be
detected.

4.4.2.3 Engine running

4.4.2.3.1 (General

The HAAM ghall shutdown the engine in response to an obstacle entering the hazard zone surrournding
the engine while the engine is running.

4.4.2.3.2 Hazard check

The hazard fone surrounding the-engine shall be continuously monitored to detect obstacles while the
engine is rupning in highly autemated operation.

4.4.2.4 Engine stop

The HAAM jshall shutdown the engine in response to a request received from the operator to|stop
the engine.

4.4.2.5 Engine stall

In the event that the engine stalls, engine starting shall require initiation by the operator.

4.4.2.6 Engine fault
In the event that an engine fault that prevents safe use of the HAAM in accordance with the design

specification exists, the HAAM shall enter a defined safe state and highly automated operation of the
machine shall be disabled automatically until the fault is rectified.

6 © ISO 2018 - All rights reserved
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4.4.2.7 Engine status

Continuous automatic supervision of the engine status shall be provided. Appropriate information shall
be available to the operator.

4.4.2.8 Loss of communication

Communication with the supervisory system required to maintain safe operation in accordance with
the design specification shall be continuously confirmed. Communication shall be considered lost if no
communication happens for a defined periof of time. Should communication be lost, the HAAM shall
enter a defined safe state.

4.4.3 Automated motion control

4.4.3.1 General
Automated motion control shall only be allowed when highly automated opérations are engbled.

Automated motion control shall apply to wheel motion and machine mation control.
4.4.3.2 General wheel motion initiation

4.4.3.2.1 General

The HAAM shall only start wheel motion in response te, a request from the operator to injitiate wheel
motipn and after confirmation by the perception systém that the hazard zone is free of obsfacles which
need|to be avoided.

Priorf to wheel motion, an audible alarm shall-be initiated and remain active for the duyation of the
warning period. The delay between initiation-of the audible warning and wheel motion and the duration
of the warning after wheel motion shall betsufficient to avoid exposure to the hazards concgrned taking
into faccount the characteristics of the-machine.

WheEl motion shall only be allowéd after the warning period has expired.

The HAAM shall abort whegl ;motion initiation in response to an obstacle entering the hazard zone
during the warning period:

Highly automated machine motion may continue during the wheel motion initiation warnjng period if
highly automated machine motion is already active.

4.4.3.2.2 Hazard check

The hazard zone surrounding the machine shall be confirmed to be free of obstacles for th¢ duration of
the Wdrning period.

4.4.3.3 General machine motion initiation

4.4.3.3.1 General

The HAAM shall only start machine motion in response to a command initiated by the operator to start
machine motion.

Prior to machine motion, an audible alarm shall be initiated and remain active for the duration of
the warning period. The delay between initiation of the audible warning and machine motion and
the duration of the warning after wheel motion shall be sufficient to avoid exposure to the hazards
concerned taking into account the characteristics of the machine.

© ISO 2018 - All rights reserved 7
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Machine motion initiation warning periods when highly automated wheel motion is already active can
be different to those when highly automated wheel motion is not active.

Machine motion shall only be allowed after the warning period has expired.

The HAAM shall abort machine motion initiation in response to an obstacle entering the hazard zone
during the warning period.

Highly automated wheel motion may continue during the machine motion initiation warning period if
highly automated machine operation is already fully active.

4.4.3.3.2 Hazard-eheek

The hazard fone surrounding the machine shall be confirmed to be free of obstacles for the duration of
the warning period before machine motion initiation.

4.4.3.4 Mption stopping

4.4.3.4.1 General

The HAAM j|shall stop motion in response to an obstacle entering the hazard zone surrounding the
machine.

4.4.3.4.2 Hazard check

The hazard kone surrounding the machine shall be continuously confirmed to be free of obstacles yhile
the maching is moving in highly automated operation.

4.4.3.5 Mption stop

The HAAM ghall stop motion in response to a reguest received from the operator.

4.4.3.6 Impaired motion

In the event]that machine motion begomes impaired (e.g. obstacle detected), the machine shall enter a
defined saf¢ state. Further motion shall require initiation by the operator.

4.4.3.7 Mption fault

Should a fault occur duringhighly automated operation, the HAAM shall stop motion automatically and
highly autornated operation shall be disabled until the fault is rectified.

4.4.3.8 Mhpchine-motion status

Continuous Automatic supervision of the machine motion status shall he pravided and he available to

the operator.

4.4.3.9 Loss of communication

Communication with the supervisory system required to maintain safe operation in accordance with
the design specification shall be continuously confirmed. Communication shall be considered lost if no
communication happens for a defined periof of time. Should communication be lost the HAAM shall
enter a defined safe state.

4.5 Machine operational status

System operational status and relevant safety information shall be continuously available to the
operator via the supervisory system.

8 © ISO 2018 - All rights reserved
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4.6 Overriding of highly automated operation

Deliberate activation of controls for controlling motion functions (e.g. direction control, braking,
stopping of hazardous tools) by the on-board or remote operator shall override highly automated
operation.

The operator's manual for the machine shall define how to transfer control of the machine from highly
automated operation to operator control and from operator control to highly automated operation.

Means (such as key switches, passwords or similar devices) accessible to the local operator shall be
provided to reinitiate highly automated operation of the overridden function and to transfer control

back fn fho l‘nn‘l\]tr ﬂnfnmqfnr] function contral cuctam

O e e T e T T O T C O e T O y ot eI

If no| such user interface is practical, the function shall be put in a defined safe state before highly
automated operation can be reinstated.

4.7 | Remote stopping of highly automated operation

A control to stop highly automated operation shall be provided and shall be easily accesgsible to the
operptor at all operating positions.

Actuption of the stop control shall initiate a controlled action to asdefined safe state.

4.8 | Pendant control

A pendant control shall be provided with HAAM that do-not have an operator on-board station.

4.9 | Operational speeds of the machine

The fnachine’s maximum operational speed during highly automated operation shall be comipatible with
the gpecification of the perception system aird shall be given in the operator's manual. THe maximum
operptional speed shall be limited autematically by the control system of the HAAM and shall not
exce¢d the maximum permitted speed specified in the operator's manual.

4.1 Communication system

If cammunication failures, prevent the required communication between elements of the highly
automated system (monitoring or machine control) and external signals (e.g. GNSS), the $ystem shall
entey its defined safestate.

NOTE1  This requirementis adapted from IEC 60204-1.

The acceptable/time duration for communication failures before hazardous motions are stopped shall
be dependent on machine application and the use of the information. When this time |is exceeded
the HAAM shall enter a defined safe state. The time during loss of communication, and flefined safe
statels C e maximum
permltted travel speed the extent of the Warnlng and hazard Zones, the response tlme of the object
perception system, effectiveness of the guarding and stopping performance.

Communication failures to be taken into account shall include lost, degraded, delayed, misdirected,
erroneous, and out-of-sequence communications.

NOTE2 The following are examples of sources of communication failure: issues affecting network
performance in general, network physical or configuration changes, machines added to or taken from the
network, noise issues (for example, unintentional jamming, EMC), hardware failures, systemic failures, software
defects, network configuration changes, bandwidth limitations, weather-related issues, topography changes,
system power issues, intentional hacking, spoofing, or jamming.
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4.11 Perception system

4.11.1 General

A perception system capable of detecting, under foreseeable operating conditions, objects in the path of
the HAAM, persons approaching the HAAM and the position of the HAAM relative to detected obstacles
and the boundary of the warning zone shall be provided. The perception system shall consist of
perception sensors, positioning/guidance systems, associated algorithms required for the identification
and classification of significant objects relative to the HAAM and the safety related control system for
controlling the machine without the need for human intervention.

4.11.2 Pos
4.11.2.1 Th
obstacle :
a) obstacld
b) percept
C) uneven
the sky
d) wvehicle
e) obstaclg
f) obstacld
radar te
transp
by visib
exampld
g) obstaclg
h) obstaclg
i) negativ
j) latency
the obsf
k) dustor
1) difficult
m) sensor i

Kible risk and failure modes

e following are examples of reasons for failure to detect an obstacle or late detection

s are occluded due to crops, dust, fog, snow, rain or other obscurants;
ion results become unreliable due to poor or intense lighting conditions;

ground causes scanning plane to vary, e.g. the laser beam might hit the ground or poi
when the vehicle is pitching down or up or tilting side to side;

yibration or motion causes misalignment of sensors;
s are moving too fast to be detected;

s are too small or do not reflect back in the direction of the receiver, e.g. the reliability ¢
chnology depends on the effective radar cr.gss-section of the obstacle to identify it; org

rent, or dark obstacles do not reflect, e.g. Taser beam or radar signal, or are not detec
e light sensor; sound-absorbing obstacles do not reflect sufficient acoustic energy fror
b an ultrasonic sensor;

s reflect or emit too much energy’and saturate the sensor;
s at the same temperatunéas the environment are not detected by thermal sensor;
b obstacles (holes in the terrain) are not detected;

may increase due.to other applications or computation loading on the processor use
acle detectionfor classification system;

pther obseurants on the sensors itself can reduce the sensor field of view;

terrain-condition (mud, significant slopes, etc.) and body of water are not detected;

of an

nt to

fthe
anic,
table
h, for

d for

s moved out of the alignment or blocked by a machine cover or shield not installed corn

ectly

for operation.

4.11.2.2 The following are examples of reasons for false detection of non-existent obstacles :

a) dust, fog, snow, rain or other obscurants reflecting sufficient energy to be classified as an obstacle;

b) material on the transmitter or receiver is erroneously detected as obstacles.

4.11.2.3 The following are examples of reasons for erroneous location of a detected obstacle or HAAM
position:

a)

10

sensor misalignment causes inaccurate position estimate;
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b) positioning and orientation system errors (e.g. GNSS error) causing inaccurate machine position or
orientation;

c) vibration of the sensor mounting causing sensor motion that is not accounted for by the
perception system;

d) dust, fog, snow, rain or obscurants blur the edges of the obstacle or environment;
e) inaccurate sensor calibration or registration;

f) wrong location of obstacle due to multi-path propagation.

4.11|2.4 The following are examples of reasons for misclassification of an obstacle:
a) dlust, fog, snow, rain or obscurants blur the edges;

b) I—:adequate experience, training or validation of the classifier;

c) {raversable grass or crops classified as non-traversable obstacle;

d) obstacles are occluded due to crops, dust, fog, snow, rain, or other-ghscurants.

4.11{2.5 In addition, interference between the following examplés'can occur:
a) gensors;
b) $ensors and communication systems;

c) gensors and electromagnetic signal in the environment (e.g. solar radiation and GNSS, |5 GHz radar
and Wi-Fi router).

4.11|3 Fault management

4.11|3.1 General

Faul{s due to reliability issues (as:a result of a hardware failure in the system) and malfunjction due to
concgptual or software issues\(e.g. whether or not the system is functioning as intended |under a no-
fault|condition in a variety-of-environmental parameters) shall not result in a dangerous condition.

Faulf management and\performance shall be verified by testing of the perception system in accordance
with(4.11.3.2 and 44-3.3.

4.11{3.2 Behaviour of the obstacle detection system in a fault condition

The reliability of the perception system shall be subject to an assessment according to ISP 25119 (all
parts)cor an equivalent functional safety standard [e.g. ISO 13849 (all parts) or IEC 61508].

All fault conditions of the perception systems shall be identified. The required PL or SIL shall be
determined taking into account all foreseeable fault conditions, hazards arising from the use of the
HAAM during a fault condition, the foreseeable severity of harm and the probability of harm taking
into account the likely presence of bystanders and the ability of bystanders to avoid the hazard. Upon
detection of a residual hazardous fault condition, the HAAM shall enter a defined safe state.

4.11.3.3 Behaviour of the perception system in a no-fault condition

4.11.3.3.1 The system shall function as intended under the conditions and constraints foreseeable
during operation including foreseeable misuse. Limitations of the perception system shall be described
in the operator’s manual.
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4.11.3.3.2 These limitations could be environmental parameters, such as sun radiation, darkness, fog,
temperature, all kinds of atmospheric precipitation and conditions, terrain irregularities and weed or
bush-infected areas.

4.11.3.3.3 These limitations could be obstacle-related parameters, such as too small dimensions, a too
fast obstacle moving speed, or poor reflection properties.

4.11.3.3.4 These limitations could be HAAM, related parameters, such as misalignment of the sensor(s),
a too high operating speed, dirt on the sensor, too high vibrations or a too high computation demand for
the processor.

4.11.3.3.5 ]If the confidence level of the sensors for the perception system falls below the rhini

performanc

e threshold required for safe operation, the HAAM shall initiate safe state. A diagnostic sy

of the HAAM shall indicate and record the reason why the safe state has been initiated. For HAAM
on-board oplerator the initiation of a safe state can be replaced by an audible warning if.risk assess

shows this t

b be sufficient.

4.12 Safeguarding system

The safeguarding system shall

— give a warning, for example by an audible or visual alarm, if an{obstacle (e.g. person or anim
identifi¢d in the warning zone, and

— stopall

highly automated functions and the machine shall enter its defined safe state (travellin

working functions) if an obstacle is identified in the hazard zone.

4.13 Visudl and audible alarms

4.13.1 Visual alarm

If provided,

b visual alarm detectable by persons in the vicinity of the HAAM shall be given continu

when highly automated operation is selected.

mum
stem
with
ment

al) is

b and

busly

The following modes of operation and)conditions of the HAAM shall be indicated visually at all posifions
for operator| control:

— highly jutomated operation selected (amber);

— highly
— remote

— Eerror mj

utomated gperation suspended following object detection or malfunction (green);

pperator.manual control (green);

r)de initiated (red).

When highly automated operation is suspended because of object detection or a malfunction,

appropriate

additional warnings shall be given to indicate the cause.

The meanings of the indications and any action to be taken shall be described in the operator’s manual.

Diagnostics shall be provided for visual warnings and indications (e.g. start-up function test, circuit
current measurement).

NOTE1 Local regulations can have specific colours for visual warnings and indications.

NOTE 2  Information for persons in the vicinity of HAAM is still subject to further investigations and will be

amended int

12

he future revision.
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.2 Audible alarm

The alarm spectral characteristics shall comply with the requirements of [SO 7731:2003, 6.3.

Temporal characteristics shall comply with the requirements of ISO 7731:2003, 6.4.1. The maximum
repetition frequency shall not exceed 2 Hz. The on-interval of the alarm should be equal to the off-
interval of the alarm within 20 %.

Diagnostics shall be provided (for example, start-up function test, circuit current measurement). Under
fault conditions of the audible alarms the operator shall be notified of the fault and further highly
automated operation shall not be possible until the fault is rectified.

5 Verification and validation of the safety requirements and protective jor risk

reduction measures

5.1 | General

The yerification and validation methods of ISO 13849 (all parts) or ISO 25119 (all parts) shalll be applied

to the HAAM. Prior to the validation of the design of the safety-related-part of a control system (SRP/

CS), pr the combination of SRP/CS providing the safety function, thetequirements specification for the

safetly function shall be verified to ensure suitability and completéness for its intended use, as described

in ISQ 13849-2:2012, Clause 7.

5.2 | Verification methods

Compliance with the principles for design and information for use of this document shall be verified in

accordance with one or a combination of the following methods as appropriate taking intofaccount any

relevant standards for components or specific ntachines:

a) Inspection: Inspecting the condition of the HAAM or equipment and structures, using human
genses without any specialized inspéction equipment; inspection is typically carried oyt visually or
dcoustically when the HAAM is notin operation.

b) Practical tests: Testing the\HAAM or its equipment under normal and abnormal| conditions;

unctional tests (e.g. fault injection testing), cyclic tests (e.g. endurance testing), perforjmance tests
e.g. braking performance’testing).

c) easurement: Evaluate the actual values of HAAM characteristics with specified valyes or limits.

d) $imulation: Results from modelling of the vehicle system operating under simulatgd operating
onditions.Simulations shall be validated and verified against data from practical test$.

e) Observation during operation: Inspecting the functions of the HAAM for correct operation under
ormal and abnormal conditions, e.g. with rated payloads, overloaded situations and urjder difficult
nvironmental conditions.

f) Examination of circuit diagrams: Structured review or walk-through of the design of circuit

diagrams (e.g. electrical, hydraulic, pneumatic) and related specifications.

g) Examination of software: Structured review or walk-through of the design of software code and
related specifications. Code inspection or testing of the software code should follow.

h) Review of task-based risk assessment: Structured review or walk-through of the risk analysis,
risk estimation and relevant documentation.

i) Examination of layout drawings and relevant documents: Structured review or walk-through
of the design of layout drawings and relevant documents.
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5.3 Test object specification

The following defines a test obstacle, intended to represent a seated human that shall meet the following
requirements and is used only to achieve repeatable results (see 5.4.2 for additional verification tests):

a) the dimensions given by Figure 1;
b) test obstacle shall be filled with water to represent the composition of the human body;
c) material shall be plastic, e.g. polyethylene with matte surface;
d) the colour shall be olive green with matte surface.
NOTE “Qlive green” is specified as 2.5 GY 3.5/3 by the Munsell Colour System.
Dimensions in/millinjetres
140
|
| o
| ~
i
|
| 2
! (Ta)
I
$380

5.4 Verifijcation of minimum‘performance of the systems perception and safety

Figured.~ Test obstacle dimensions

5.4.1 As 4 means for yerifying minimum performance requirements of the perception system|with
regard to olbstacle detegtion, tests shall be performed under the following conditions and the rgsults

documented:

a) flat, dry paved area so that traction conditions are consistent and repeatable;

b) at the nraximunroperating-speedof the HAAMachtevabltefor-hightyautomated-operatiomunder
normal operating conditions;

c) date, time, location and environmental conditions of each test to be documented and recorded (e.g.
solar intensity, presence of obscurants);

d) with a test obstacle in accordance with Figure 1 directly in the centre of the path travelled by the
HAAM, verify whether the HAAM can detect the test obstacle and stops before making contact with
the detected test obstacle;

e) carry out additional tests with the test obstacle located at positions laterally offset from the centre
of the path travelled by the HAAM, to verify the capabilities of the safety systems to detect and stop
the HAAM or an implement attached to the HAAM would make contact with detected obstruction;
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