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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF MACHINERY -

Safety-related sensors used for the protection of persons

FOREWORD
Theg International Electrotechnical Commission (IEC) is a worldwide organization for standardization com
all [national electrotechnical committees (IEC National Committees). The object of IEC is o~

prising
romote
Ids. To
ations,

Tedhnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to ap "IEC

rnmental organizations liaising with the IEC also participate in this preparation+HC collaborates
the International Organization for Standardization (ISO) in accordance with-conditions determi
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern
consensus of opinion on the relevant subjects since each technical committee has representation f
interested IEC National Committees.

IEQ Publications have the form of recommendations for internationak use and are accepted by IEC N
Committees in that sense. While all reasonable efforts are made to.ensure that the technical content
Pullications is accurate, IEC cannot be held responsible for.the way in which they are used or
nterpretation by any end user.

In ¢rder to promote international uniformity, IEC National Committees undertake to apply IEC Publi
trarfsparently to the maximum extent possible in their, national and regional publications. Any divg
betyveen any IEC Publication and the corresponding national or regional publication shall be clearly indig
the|latter.

IEQ itself does not provide any attestation of conformity. Independent certification bodies provide cor]
asspssment services and, in some areas, acgess to |IEC marks of conformity. IEC is not responsible
seryices carried out by independent certification bodies.

Al

No [iability shall attach to IEC or its directors, employees, servants or agents including individual expe¢
meinbers of its technical committees-and IEC National Committees for any personal injury, property dan
othér damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fed
expenses arising out of the *publication, use of, or reliance upon, this IEC Publication or any oth
Puflications.

isers should ensure that they have thé‘Jatest edition of this publication.

Attgntion is drawn to the Normative references cited in this publication. Use of the referenced publica
indispensable for the 'cofrect application of this publication.

Attention is drawf:to the possibility that some of the elements of this IEC Publication may be the su
patént rights. IE€-shall not be held responsible for identifying any or all such patent rights.

iohal’circumstances, a technical committee may propose the publication of a Tec

brested
d non-
closely
hed by

ational
fom all

ational
of IEC
or any

cations
rgence
ated in

formity

for any

rts and
age or
s) and
er IEC

ions is

ject of

s. In
hnical

The ;;Fain task of IEC technical committees is to prepare International Standarg
i

Specitication when

the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there
future but no immediate possibility of an agreement on an International Standard.

is the

Technical Specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 62998-1, which is a Technical Specification, has been prepared by IEC technical
committee TC 44: Safety of machinery — Electrotechnical aspects.
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The text of this Technical Specification is based on the following documents:

Draft TS Report on voting
44/826/DTS 44/839A/RVDTS

Full information on the voting for the approval of this Technical Specification can be found in

the re

port on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

bty of

til the

A list[ of all parts in the TEC 62998 series, published under the general fifle Saf
machinery, can be found on the IEC website.

The cpmmittee has decided that the contents of this document will remain unchanged un
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the sgecific document. At this date, the document will be

e regonfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A bilirigual version of this publication may be issued.at a later date.

IMPO
conta
Users

RTANT — The 'colour inside' logo «n the cover page of this publication indic
ns colours which are considered. fo be useful for the correct understanding of i
should therefore print this document using a colour printer.

ates that it
s contents.
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INTRODUCTION

Safety related sensors are applied to machinery presenting a risk of personal injury.

They

provide protection by causing the machine to revert to a safe condition before a person can

be placed in a hazardous situation.

IEC 61496 (all parts) provides design and performance requirements of electro-sensitive

protective equipment (ESPE). It gives a clear but limited guideline for

— specific sensor technologies (like optical sensors) or sensing functions (like capability to

detect a specified object);

— typical conditions representing indoor use in industrial environment;

— detection of objects representing parts of body of adults using the properties“ged
and reflectivity;

— degsign, functional requirements and tests in accordance with ESPEXspecific
performance classification in types (2,3 and 4).

Autonomous systems like automated guided vehicles (AGV), service robotics or H
machine interaction in industries show an increasing demand, for gxample in

— negw sensor technologies (e.g. radar, ultrasonic sensors),

— new kind of sensor functions (e.g. classification of objects, position of an object), and

deline for the safety related product design:*Generic functional safety standarg
IEC 6[1508 (all parts) or sector specific machinery standards like IEC 62061 or ISO 138
parts)| are general and product design can be-carried out without inappropriate limitg
Applylng these standards would require a.dedicated analysis of systematic capabilitieg
sensor or sensor system (e.g. dependability of the sensing function under tole
condifions and environmental influenees). There is not enough guidance given in
standards to prevent design failures‘or insufficient capability to detect the specified ob
certaip environmental conditions. “This can result in an intolerable risk for persons.

This document fills the gap. for the examination of systematic capabilities between de
specffic sensor standards and generic functional safety standards of eled
electrpnic or programmable electronic control systems.

NOTE |1 Examples Sfer' the examination of systematic capabilities by using different safety related
standards are givehdn-Annex A.

This qocument is addressed to safety related sensor manufacturers and integrators of
relatefd sensors into a safety related sensor system.

metry

safety

uman

dards
s like
19 (all
tions.
of a
rance
these
ectin

sign
trical,

sensor

safety

NOTE 2 Examples for addressed user groups are given in Annex B.
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SAFETY OF MACHINERY -

Safety-related sensors used for the protection of persons

1 Scope

This Technical Specification gives requirements for the development and integration of safety

I t Vel = Yalt ol £k Loboral 4 ORQQN ol £ 4 4
relateg—sensots (PO ) diTu odiTly TTIAITU STIIoUD oSyolTIITo (vivouo) UsTU TUT PrutcUl

persops with special attention to systematic capabilities.

This g

— prptection of persons is to be performed by using sensors, and
— standards for functional safety of electrical control systems address sensor(

Su

— prpduct specific sensor standards (e.g. IEC 61496 (all parts); IEC 60947-5-2) d

eneric standard only applies if

bsystem or subsystem element, and

on of

5) as

o0 not
bed.

blated

Bction

contain all necessary provisions, or product specific sensor,stanhdards are not develo
The gpproach of examination of systematic capabilities -by using different safety r
sensor standards is described in Annex A.
The rg¢quirements and methods within this documenttare limited to the purpose of prot
of pergons
— byl detection of potentially hazardous objécts,
— byl detection of a body, parts of a bodytand objects associated to parts of a body enftering
a hazardous area, or
— byl classification respective discrimination of these against other objects.
NOTE [I Application of SRS/SRSS in public can require detecting not only of persons, but also their asspciated
equipmlent, for example wheelchairs, walking sticks or infusion stands.

Perfo
functi

NOTE 4§
docum
SIL or

Speci

mance classes of.sensors and sensor systems are defined in accordance with e
bnal safety standards (e.g. IEC 62061, IEC 61508 (all parts), and ISO 13849 (all pa

T here will.be\ho definitions of or interconnections to the types as defined in IEC 61496-1 with|
bnt to simplify=and prevent misuse. Simplification for end users is achieved by correlation to exist
BIL .

cl

bl attention is given to the sensing function and dependability of the detection capa3

isting
rts)).

n this
ng PL,

bility.

Envirg

nméntal influences and tests for indoor and outdoor use are defined which infl

lience

the sensing function and dependability of the detection capability.

NOTE 3 Environmental influences, their classification and test procedures are primarily specified in accordance
with generic environmental standards. More specific requirements and tests are only described in absence of
respective standards.

This document can be relevant to applications other than those for the protection of persons

in ind

ustries, for example, for the protection of persons in public like agriculture or

stations.

metro

This document does not consider and address proven in use (e.g. processes or elements) as
done in IEC 61508-2.
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2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 60068 (all parts), Environmental testing

IEC 60204-1, Safety of machinery — Electrical equipment of machines — Part 1: General
requirements

IEC 6p721 (all parts), Classification of environmental conditions
IEC 6PD825-1, Safety of laser products — Part 1: Equipment classification and requiremenys

IEC 6[1010-1, Safety requirements for electrical equipment for measdrement, contro|, and
laborgtory use — Part 1: General requirements

IEC 61508 (all parts), Functional safety of electrical/electronic/programmable electronic dafety-
relatefd systems

IEC 61496-1:2012, Safety of machinery — Electro-sensitive protective equipment — Part 1:
Genefal requirements and tests

IEC 62061:2005, Safety of machinery — Functional safety of safety-related eleqtrical,
electrpnic and programmable electronic controlisystems
IEC 6R061:2005/AMD1:2012
IEC 6R061:2005/AMD2:2015

IEC 62471, Photobiological safety ofdamps and lamp systems
ISO 7250 (all parts), Basic human-body measurements for technological design
ISO 18849 (all parts), Safety of machinery — Safety-related parts of control systems

ISO 2p119 (all parts)y” Tractors and machinery for agriculture and forestry — Safety-related
parts pf control systems

ISO 2p262 (al parts), Road vehicles — Functional safety

CEN/CENEL EC Guide 14 _Child safety — Guidance for its inclusion in standards

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

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

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp


http://www.electropedia.org/
http://www.iso.org/obp
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Characteristics and performance criteria

automation related zone
part of the sensing zone within which specified objects(s) are detected in order to perform an
automation related function

3.1.2

safety-related zone
part of the sensing zone within which specified safety related object(s) will be detected

3.1.3
sensi
zone
SRSS

3.1.4

syste
meas
integr
eleme

specified in the compliant safety manual for the element

Note 1
control

Note 2
exampl
For an

softwarfe failure mechanisms.

Note 3
functio
accord

[SOU

3.1.5
detec
detern

Note 1
physicg

3.1.6
detec|
ability

ng zone
defined by length, area or volume within which objects are detected and. @n'S
function is performed

matic capability

ire (expressed on a scale of SC 1 to SC 4) of the confidence that'the systematic
ty of an element meets the requirements of the specified SILy inrespect of the spe
nt safety function, when the element is applied in accordance with the instru

to entry: Systematic capability is determined with reference to.the requirements for the avoidan
of systematic faults (see IEC 61508-2 and IEC 61508-3).

to entry: What a relevant systematic failure mechanism'is, will depend on the nature of the eleme
element comprising hardware and software, it will be*aecessary to consider both systematic hardwg
to entry: A systematic capability of SC N\for an element, in respect of the specified element

, means that the systematic safety integrity of SIL N has been met when the element is apj
hnce with the instructions specified in the\ecompliant item safety manual for the element.

RCE: IEC 61508-4:2010, 3.5,9]
tion
hination of the preSence and/or value of a physical property

to entry: As_example classification can be a step of detection containing other steps like recej
| signal and filtéring.

tion capability
to¢perform the detection within the limits of use as specified by the manufacturer

RS or

safety
cified
ctions

ce and

nt. For

e, for an element comprising solely software, only software failure mechanisms will need to be condidered.

re and

safety
lied in

tion of

3.1.7

loss of detection capability
event of SRS/SRSS when detection is not achieved within the limits of use as specified by the
manufacturer

Note 1 to entry: A loss of detection could result from a degradation of detection capability. A degradation could be
of interest for analysis of reduced integrity of detection resulting in a dangerous state.

3.1.8
physi

cal property

individual measurable property of an object being observed
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3.1.9

measurement accuracy

accuracy of measurement

accuracy

closeness of agreement between a measured quantity value and a true quantity value of a
measurand

SEE: Figure 1.

Measurement
uncertainty
¢
Measurement accuracy
¢ -
2,5 2,58 2,60 2,62

IEC

Figure 1 — Measurement accuracy and measurement uncertainty

[SOURCE: ISO/IEC Guide 99:2007, 2.13, modified — The notes to entry have been removed,
and the figure has been added.]

3.1.1(
measjurement uncertainty
non-nggative parameter characterizing the\dispersion of the quantity values being attr|buted
to a measurand, based on the informatiof;used

[SOURCE: ISO/IEC Guide 99:2007+°2.26, modified — The two other terms "uncertaipty of
measlirement" and "uncertainty"chas been removed as well as the notes to entry.]

3.2 |Dependability

3.21
availgbility
ability|to be in a,state to perform as required

Note 1| to entry Availability depends upon the combined characteristics of the reliability (192401-24),
recovefability (192-01-25), and maintainability (192-01-27) of the item, and the maintenance support perfofmance
(192-01-29).

Note 2 to entry: Availability may be quantified using measures defined in Section 192-08, Availability related
measures.

[SOURCE: IEC 60050-192:2015, 192-01-23]

3.2.2
dependability
ability to perform as and when required

Note 1 to entry: Dependability includes availability (192-01-23), reliability (192-01-24), recoverability (192-01-25),
maintainability (192-01-27), and maintenance support performance (192-01-29), and, in some cases, other
characteristics such as durability (192-01-21), safety and security.

Note 2 to entry: Dependability is used as a collective term for the time-related quality characteristics of an item.


https://iecnorm.com/api/?name=bb644478e555436e44a0ff2d5d3256b5

IEC TS 62998-1:2019 © |IEC 2019 -13 -

[SOURCE: IEC 60050-192:2015, 192-01-22, modified — The specific use "of an item" given
after the term has been removed.]

3.2.3
reliability
ability to perform as required, without failure, for a given time interval, under given conditions

Note 1 to entry: The time interval duration can be expressed in units appropriate to the item concerned, for
example calendar time, operating cycles, distance run, etc., and the units should always be clearly stated.

Note 2 to entry:  Given conditions include aspects that affect reliability, such as: mode of operation, stress levels,
environmental conditions, and maintenance.

Note 3|to entry: Reliability can be quantified using measures defined in Section 192-05, Reliability)|related
concepfs: measures.

[SOURCE: IEC 60050-192:2015, 192-01-24, modified — The specific use "of an-item"|given
after the term has been removed.]

3.24
error
discrgpancy between a computed, observed or measured value ‘ot condition, and thqg true,
specified or theoretically correct value or condition

[SOURCE: IEC 60050-192:2015, 192-03-02, modified —CThe notes to entry have|been
removed.]

3.25
failurg
termination of the ability of an item to perform azequired function

Note 1 to entry: After failure, the item has a fault.
Note 2 fto entry: "Failure" is an event, as distinguished from "fault", which is a state.
Note 3Jto entry: This concept, as defined;~-does not apply to items consisting of software only.

Note 4 [to entry: In practice, the tefms™fault" and "failure" are often used synonymously.

3.2.6
failure to danger
failurg which results.in the inability to perform the safety related function within the gtated
response time

3.2.7
fault
inabili|ty to’perform as required, due to an internal state

Note 1 to entry: A fault of an item results from a failure, either of the item itself, or from a deficiency in an earlier
stage of the life cycle, such as specification, design, manufacture or maintenance. See latent fault (192-04-08).

Note 2 to entry: Qualifiers, such as specification, design, manufacture, maintenance or misuse, may be used to
indicate the cause of a fault.

Note 3 to entry: The type of fault may be associated with the type of associated failure, for example wear-out fault
and wear-out failure.

Note 4 to entry: The adjective "faulty" designates an item having one or more faults.

[SOURCE: IEC 60050-192:2015, 192-04-01, modified — The specific use "of an item" given
after the term has been removed.]


http://www.electropedia.org/iev/iev.nsf/SearchView?SearchView&Query=field+SearchFields+contains+192-05+and+field+Language=en&SearchOrder=4&SearchMax=0
http://www.electropedia.org/iev/iev.nsf/display?openform&ievref=192-04-08
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Procedures and architectural deliberations

risk analysis
systematic use of available information to identify hazards and to estimate the risk

[SOURCE: ISO/IEC Guide 51:2014, 3.10]

3.3.2

risk reduction measure

prote

ctive measure

actior

n L H n 1 ! ol Ho |
Ul T11edrits LU TIHTTTITTAdLiC TTd2diUuUs U TCUUULT TISRS

EXAMHLE Inherently safe design; protective devices; personal protective equipment; information, for use and

installa

[SOU

3.3.3
toler
level

[SOU

3.3.4

desigtr and development

activi

Note 1
initial i
whatey

[SOU

3.3.5
simul
mode
used

dimensioning and interaction of its subsystems

3.3.6

calibrjation
operations which establishes, by reference to standards, the relationship which ¢xists,

set off
under

Note 1

ion; organization of work; training; application of equipment; supervision.

RCE: ISO/IEC Guide 51:2014, 3.13]

ble risk
f risk that is accepted in a given context based on the current'values of society

RCE: ISO/IEC Guide 51:2014, 3.15, modified — The note 't0 entry has been remove

ies that take an idea or requirement and transform these into a product

to entry: The process of design and development-usually follows a series of defined steps starting
lea, transforming that into a formal specification; and resulting in the creation of a working prototy
er documentation is required to support production of the goods or provision of the service.

RCE: IEC 62430:2009, 3.1]

lation
ling of an SRS/SRSS or of subparts via calculation or via a software behavioural
for a systematic_and/or stochastic analysis of functional performance and the ¢

specified conditions, between an indication and a result of a measurement

with an
pe and

model
orrect

to entry: This term is based on the "uncertainty" approach.

Note 2 to entry: The relationship between the indications and the results of measurement can be expressed, in

principl

e, by a calibration diagram.

Note 3 to entry: Standards used as reference could be scale of length objects located in the sensing zone

continu

ously or temporarily.

Note 4 to entry: Within this document, only calibration at the user side is specifically addressed. Calibration used
during production of an SRS/SRSS is a measure which can be used to achieve the stated detection capability at
manufacturer side, is part of analysis during design and development and not specifically addressed.

[SOURCE: IEC 60050-311:2001, 311-01-09, modified — Notes 3 and 4 to entry have been
added.]
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3.3.7

calibration procedure

documented, verified, and validated procedure that specifically describes a set of operations
used in the performance of particular measurements according to a given method

Note 1 to entry: Calibration procedure used in the context of this document includes both calibration and
adjustment.

[SOURCE: IAS Calibration and testing laboratory accreditation programs definitions, 2018,
modified — The note to entry has been added.]

3.3.8
machjnery
machine assembly, fitted with or intended to be fitted with a drive system consisting of Jinked
parts pr components, at least one of which moves, and which are joined together for-a specific
applidation

Note 1 [to entry: The term "machinery"” also covers an assembly of machines which, in ofder’to achieve thp same
end, arp arranged and controlled so that they function as an integral whole.

Note 2 fto entry: Annex A of ISO 12100:2010 provides a general schematic representation of a machine.

[SOURCE: ISO 12100:2010, 3.1, modified — The second term/"machine" has been removed,
but added to the definition before "assembly".]

3.3.9
safety-related system
desigrrated system that both

— implements the required safety functions necessary to achieve or maintain a safe stqte for
th¢ EUC (equipment under control); and

— islintended to achieve, on its own or;with other E/E/PE safety related systems and|other
rigk reduction measures, the necessary safety integrity for the required safety functions

[SOURCE: IEC 61508-4:2010, 3.4,.1,ymodified — The notes to entry have been removed.]

3.3.1(
safety-related electrical control system
SCS
part of the control system of a machine which implements a safety function

Note 1|to entry: A _SES is the combination of one or more subsystems necessary to implement the respective
safety sub-function(s).

Note 2 [to entry;® SCS is similar to SRECS of IEC 62061:2005.

Note 3 |to~entry: A machine has as many SCS as it has safety functions. One SCS is dedicated to ond safety
function of the machine.

Note 4 to entry: SCS has a different meaning to safety-related system from IEC 61508-4:2010, 3.4.1.

3.3.11

safety-related sensor

SRS

one or more sensing units combined to perform the safety related function

Note 1 to entry: An SRS can be regarded as a subsystem in a SCS or as a subsystem element in a SCS if the
SRS is used as part of an SRSS.

Note 2 to entry: A sensing unit might contain one or more sensing elements.
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3.3.12

safety-related sensor system

SRSS

combination of two or more safety-related sensors performing the safety related function

3.3.13

electro-sensitive protective equipment

ESPE

assembly of devices and/or components working together for protective tripping or presence-
sensing purposes and comprising as a minimum

— a sensing device;

— controlling/monitoring devices;
— output signal switching devices and/or a safety related data interface

Note 1 to entry: An ESPE is a protective device used as risk reduction measure.

[SOURCE: IEC 61496-1:2012, 3.5, modified — The notes to entry haveyheen replaceq by a
new Note 1 to entry.]

3.4 |Terms related to system

3.41
subsystem
entity| of the top-level architectural design of the SCS{where a dangerous failure gqf any
subsystem will result in a dangerous failure of a safety related control function

Note 1 |to entry: A complete subsystem can be made up from a number of identifiable and separate subsystem
elements, which when put together implement the functiomsblocks allocated to the subsystem.

Note 2 |to entry: This differs from common language “where "subsystem" may mean any subdivided part of an
entity, the term "subsystem" is used in IEC 62061 within a strongly defined hierarchy of terminology: "subsydtem" is
the firdt level subdivision of a system. The paris resulting from further subdivision of a subsystem arg called
"subsystem elements".

[SOURCE: IEC 62061:2005, IEC{62061:2005/AMD1:2012 and IEC 62061:2005/AMD2]2015,
3.2.5,| modified — The abbreviated term "SRECS" has been replaced with "SCS" in the
definifion.]

3.4.2
subsystem element
part of a subsystem'comprising a single component or any group of components that pefforms
one of more element functions

Note 1 [to entry:® An element may comprise hardware and/or software.

[SOURG

- |EC 62061 —3-2-6—modified word at-perte o o Ement
functions" have been added to the definition, and Note 1 to entry has been added.]

3.4.3

complexity

property of a SRS/SRSS or a safety function that is characterized by multiple subsystem
elements or sub-functions interacting in a non-trivial way

Note 1 to entry The degree of complexity of an SRS/SRSS may depend on the role or perspective within the
supply chain. While an SRS under development can be judged highly complex by the manufacturer due to its many
interacting subsystem elements and the number of external influences that have to be taken into account, an
integrator who employs it within the limits of intended use might model it as a black box system with few defined
outputs and judge it to be of low complexity.

Note 2 to entry: The detailed behavior of a complex system or complex function is not accessible by simple
calculation
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nd rate

number of events that occur in a defined time which cause the SRS/SRSS to perform its
safety related function

Note 1
only pe

Note 2

to entry: Low demand mode is a mode of operation in which the safety related function of an SRS/SRSS is

rformed on demand and where the demand rate is no greater than one per year.

to entry: High demand mode is a mode of operation in which the safety related function of an SRS/SRSS is
only performed on demand and where the demand rate is greater than one per year. As an orientation, high
demand rates are given in Table G.1 (stated values are in accordance with ISO 13849 (all parts)).

Note 3 to entry: Continuous mode is a mode of operation in which the safety related function of an SRS/SRSS is

perforn
is ther

Note 4
deman

3.4.5

safe state

state

EXAMH
EXAMH

Note 1
perforn

[SOU
to ent

3.4.6

normal operating condition
ling condition that represents as\closely as possible the range of normal use that can

opera
reaso

[SOU
replag

3.4.7

normal operation

state

3.4.8

inten¢ded (use

use ir

esponse time of the SRS/SRSS.

to entry: The demand rate for the safety related functions of the SRS/SRSS can be different ti
I rate for the safety function performed in a SCS.

bf the EUC (equipment under control) when safety is achieved

LE 1 The safe state might be initiated by the decision information.

LE 2 The safe state might be initiated by the confidence information,

ed SRS/SRSS function.

ry has been replaced by a new note.]

hably be expected

RCE: IEC 62368-1:2018,°3.3.7.4, modified — The words "mode of operation" have

bf a SRS/SRSS where it operates as specified and where no faults are detected

such i

aceordance with information provided with a product or system, or, in the abseT

[SOURCE: ISO/IEC Guide 51:2014, 3.6]

3.4.9

limit of use
definition of limits on achieved detection capability, sensing zone, environmental, mounting,
safety related information at the output unit and SRS/SRSS performance class provided by
the manufacturer of an SRS/SRSS or integrator of SRS into an SRSS

Note 1

to entry:  The limits of use are essential to validate if the SRS/SRSS is appropriate for the appl

respective the intended use.

ed perpetually (continuously). Finally, the limiting factor for the applicable demand rate in continuoup mode

an the

to entry: The safe state might be related to different output sighals depending on the intended Use and

RCE: IEC 61508-4:2010, 3.1.13, modified — The examples has been added, and th¢ note

been

ed by "operating condition" in the definition, and the notes to entry have been rempved.]

ce of

ication
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3.5 Fusion

3.5.1

alignment

processing of SRS measurements to achieve a common time base and a common spatial
reference

3.5.2
diversity
different means of performing a required function

Note 1 £3 . D H 3 k. ki a-b. iff 4 I i 1 thad ff . H 128

O—CHtFy= P erSHy-fayotaertevyeaDy-arefreirpryStearemoaSorarerenrae S ghiapPpProatnes:

[SOURCE: IEC 61508-4:2010, 3.3.7]

3.5.3
fusion
act or|process of combining or associating data or information regarding\ehé or more ehtities
considered in an explicit or implicit knowledge framework to improve,‘one’s capability (or
provide a new capability) for detection, identification, or characterization of that entity

3.5.4
redundancy
provigion of more than one means for performing a function

Note 1 [to entry: The additional means of performing the functign ¢an be intentionally different (diverse) to|reduce
the potential for common mode failures (192-03-19).

[SOURCE: IEC 60050-192:2015, 192-10-02, medified — The specific use "of a system"|given
after fhe term has been removed]

3.6 [Safety related information

3.6.1
analog signal
signall which directly represents.the respective variable quantity

Note 1 [to entry: An analog signal may be a continuous-value or a discrete-value signal as well as a cont[nuous-
time of a discrete-time signal: Examples may be the pressure in a pneumatic final controlling element with
continuous-value and coéntifuous-time information parameter (value of the pressure) as well as a ppsition-
modulated pulse signaltasan output signal of a computer based controller.

Note 2 [to entry: This entry was numbered 351-21-53 in IEC 60050-351:2006.

[SOURCE: MEC 60050-351:2013, 351-41-24, modified — The words "each information
paranmjeter of' have been removed from the definition.]

3.6.2

coverage interval

interval containing the set of true quantity values of a SRS/SRSS measurement information
with a stated probability, based on the information available

Note 1 to entry: A coverage interval does not need to be centered on the chosen measured quantity value (see
ISO/IEC Guide 98-3:2008/Supplement 1)

[SOURCE: ISO/IEC Guide 99:2007, 2.36, modified — The word "measurand" has been
replaced by "SRS/SRSS measurement information"”, and Note 2 and Note 3 to entry have
been removed.]


http://www.electropedia.org/iev/iev.nsf/display?openform&ievref=192-03-19
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coverage probability
probability that the set of true quantity values of a SRS/SRSS measurement information is

contai

Note 1

ned within a specified coverage interval

to entry: The coverage probability is also termed "level of confidence", see ISO/IEC Gui

3:2008/Supplement 1).

de 98-

[SOURCE: ISO/IEC Guide 99:2007, 2.37, modified — The definition has been changed to align
to the use of this document, note 1 to entry has been changed and note 2 to entry has been
removed.]

3.6.4

confiLence information

safety
inform

Note 1

providgs measurement information and decision probability if SRS/SRSS provide decisjoh information.

3.6.5
decis
proba

related probability measure that supplements a measurement information 6r’a de
ation of an SRS/SRSS

to entry: Confidence information cover coverage probability and coverage intérval used if SRY

on probability
bility that the decision information is correct

3.6.6

discr
discr

[SOU

3.6.7

binar
binar
digita

[SOU

3.6.8
n-ary
n-ary
digita

[SOU

digital signal

tely-timed signal in which information is represented by a finite number of well d
te values that one of its characteristic quantities may take in time

RCE: IEC 60050-702:1992, 702-04-05]

y digital signal
y signal
signal in which each signalfielement has one of two permitted discrete values

RCE: IEC 60050-704:1993, 704-16-03]

digital signal
signal
signal_in‘which each signal element has one of n permitted discrete values

RCE:1EC 60050-704:1993, 704-16-05]

cision

/ISRSS

bfined

3.6.9

serial
serial
succe

digital transmission
transmission
ssive transmission of signal elements over a single path between two points

[SOURCE: IEC 60050-704:1993, 704-16-27]

3.6.10

parall
parall

el digital transmission
el transmission

simultaneous transmission of a group of signal elements over the appropriate number of
parallel paths between two points

[SOURCE: IEC 60050-704:1993, 704-16-28]
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3.6.11

fault reaction function

function that is initiated when a fault within an SRS/SRSS is detected by an SRS/SRSS
diagnostic function

3.6.12

fault response time

maximum time between initiation of the SRS/SRSS signal to initiate the fault reaction function
and achievement of an appropriate safety related information provided at the output unit

3.6.13

decisfoninformation
information which represents the decision performed in the SRS/SRSS of a nespgctive
varialjle quantity

Note 1 [to entry: An example is a decision representing the entrance of an object in a safety related zone r¢sulting
in a sw|tching signal.

Note 2 to entry: A respective variable quantity could be the properties of the object orenvironmental informjation.

3.6.14
SRS/$RSS measurement information
information which represents the respective variable quantity

Note 1 [to entry: An example is the location of an object in a sensing/zone provided as digital n-ary output s|gnal.
3.7 |Test

3.71
acceptance test
contrgctual procedure to demonstrate, to the<customer, that acceptance criteria are met

[SOURCE: IEC 60050-192:2015, 192-09-03]

3.7.2
endurance test
proceflure carried out to investigate how the properties of the item are affected Qy the
duratipn or repeated application of stated stresses

[SOURCE: IEC 60050-192:2015, 192-09-07, modified — The note has been removed.]

3.7.3
field fest
test carried out under user operational conditions

Note 1 to entry: The operating, environmental, maintenance and measurement conditions present at the time of
the test may be monitored or recorded.

[SOURCE: IEC 60050-192:2015, 192-09-06]

3.7.4

laboratory test

test made under prescribed and controlled conditions that may or may not simulate field
conditions

[SOURCE: IEC 60050-192:2015, 192-09-05]
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3.7.5

maintenance test

test carried out periodically on an item to verify that its performance remains within specified
limits, after having made certain adjustments, if necessary

[SOURCE: IEC 60050-151:2001, 151-16-25]

3.7.6
qualification test
procedure to verify conformance to the requirements of a specification

Note 1 fto entry: A qualification test is generally performed before starting production of an item on a larger|scale.

[SOURCE: IEC 60050-192:2015, 192-09-04]

3.7.7
routine test
test made on each individual item during or after manufacture

Note 1 [to entry: A routine test is performed before supplying.

3.7.8
simulation test
test that imposes anticipated environmental and operating strésses of intended use

Note 1|to entry In practice, the test conditions only approximate ‘to the true conditions of use, the accuracy of
their reproduction being known as the degree of simulation.

[SOURCE: IEC 60050-192:2015, 192-09-18]

3.7.9
system test
test of a complete system to detect instances of non-conformity with the respective fungtional
specification

Note 1 to entry: System test is mainlyfor verification (192-01-17), but may include some validation (192-01}18).

[SOURCE: IEC 60050-192:2015, 192-09-25]

3.7.1(
test
determinationsaccording to requirements for a specific intended use or application

Note 1 to entry: If the result of a test shows conformity, it can be used for purposes of validation.

[SOURTETTSU 900020715, 3-1T1-8]

3.7.11

type test

test of one or more devices under test made to a certain design to show that the design meets
certain specifications

[SOURCE: IEC 60050-411:1996, 411-53-01, modified — The word "machines" has been
replaced by "devices under test".]
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3.8 User groups

3.8.1

integrator

entity who integrates an SRS and/or SRSS into an SCS and/or machinery or an SRS into an
SRSS.

Note 1 to entry: The integrator may be a manufacturer, assembler, engineering company or the user.

Note 2 to entry: The integrator in sense of this document might be a manufacturer of an SRSS, SCS or
machinery.

Note 3 _ta entry: “:'g'na Vi the 'nteg[am: is defined in ISO 11161 as "the ent't;‘ who des'gns provides,

manufgctures or assembles an integrated manufacturing system and is in charge of the safety strategysincluding
the prdtective measures, control interfaces and interconnections of the control system". It is changed|in this
document respectively to cover the relevant steps of integration up to integrated manufacturing system which is
covered by the definition of machinery.

3.8.2
supplier

SRS/$RSS supplier
role in supply chain activities of organizations moving a product or service and correspqnding
information for use to customer and finally to the operator

Note 1| to entry: Supply chain activities involve the transformation ‘of shatural resources, raw mdterials,
compoments and corresponding information into a finished product that is delivered to the end cystomer
organidation.

Note 2 [to entry: Supplier in the sense of this document might be _manufacturer of an SRS, SRSS or maghinery
using §RS/SRSS.

3.8.3
user
SRS/$RSS user

addrepsed group or person at customer sjde organization

Note 1 [to entry: A user might be the integrator, machinery manufacturer or operator.
3.9 |Verification and validation

3.9.1
failure modes and effects analysis
FMEA
qualitative methodof-analysis that involves the study of possible failure modes and faglts in
sub items, and their effects at various indenture levels

Note 1 [to entry=sThe term "fault mode and effects analysis" in IEC 60050-191:1990 (now withdrawn; repldced by
IEC 60950-192:2015) is deprecated, since a fault (192-04-01) is a state and cannot logically have a mode, whereas
a failurp mode (192-03-17) is a change of state.

[SOURCE: IEC 60050-192:2015, 192-11-05, modified — The used term "DEPRACATED: fault
mode and effects analysis" has been removed.]

3.9.2

fault tree analysis

FTA

deductive analysis using fault trees

Note 1 to entry: See also fault tree (192-11-07).

[SOURCE: IEC 60050-192:2015, 192-11-08]
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3.9.3

formal design review

independent, documented examination of a design and its requirements to assess the
design’s ability to meet specified and implied requirements of the item concerned

Note 1 to entry: In this context, "design" includes requirements, specifications, drawings, and supporting
documentation.

Note 2 to entry: See IEC 61160 for more detail on design review practices.

[SOURCE: IEC 60050-192:2015, 192-12-07]

3.9.4
inspegction
examination of a product design, product, process or installation and determination |of its

confofmity with specific requirements or, on the basis of professional judgement; with ge¢neral
requirements

Note 1| to entry: Inspection of a process may include inspection of persons, facilities, technology and
methodology.

[SOURCE: ISO/IEC 17000:2004, 4.3]

3.9.5
life cycle
serieq of identifiable stages through which an item goes;.from its conception to disposal

EXAMHLE A typical system lifecycle consists of: concept and definition; design and development; constfuction,
installafion and commissioning; operation and mainteépance; mid-life upgrading, or life extensioh; and
decominissioning and disposal.

Note 1 to entry: The stages identified will vary with thevapplication.

[SOURCE: IEC 60050-192:2015, 192-04-09]

3.9.6
prediction
compulitation process used to‘obtain the predicted value of a quantity

[SOURCE: IEC 600504{192:2015, 192-11-01]
3.9.7
reliablility model

mathgmaticakmodel used for prediction or estimation of reliability measures

Note 1| to{entry: See IEC 61703, Mathematical expressions for reliability, availability, maintainabilfy and

; ;b £ PR ITORNTIT SPNTH
mainteance SuppotrtTerns,Tormoregetat o remradtty moaeg:

Note 2 to entry: Modelling techniques can be applied to other dependability characteristics, such as
maintainability and availability.

[SOURCE: IEC 60050-192:2015, 192-11-02]

3.9.8

verification

confirmation, through the provision of objective evidence, that specified requirements have
been fulfilled

Note 1 to entry The objective evidence needed for a verification can be the result of an inspection (3.11.7) or of
other forms of determination (3.11.1) such as performing alternative calculations or reviewing documents (3.8.5).

Note 2 to entry: The activities carried out for verification are sometimes called a qualification process (3.4.1).
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Note 3 to entry: The word "verified" is used to designate the corresponding status.

[SOURCE: ISO 9000:2015, 3.8.12]

3.9.9

validation

confirmation, through the provision of objective evidence, that the requirements for a specific
intended use or application have been fulfilled

Note 1 to entry: The objective evidence needed for a validation is the result of a test or other form of
determination such as performing alternative calculations or reviewing documents

Note 2 [fG entry: The word "validated" 1s used to designate the corresponding status.

Note 3 [to entry: The use conditions for validation can be real or simulated.

[SOURCE: ISO 9000:2015, 3.8.13]

4 Ljfecycle and interconnection to safety-related electrical control system§g
($CS)

4.1 General

A safety-related sensor (SRS) (see Figure 2 and Figure 3)_or a safety-related sensor slystem
(SRS$) (see Figure 4) used as a protective measure shall*perform function(s) in accorfance
with §.2.

An SRS consists, in minimum, of

— a $ensing unit,
— a processing unit, and
— an output unit (input unit is optional).

An SRSS consists of at least twe SRS in combination with processing unit and outpyt unit
(input|unit is optional).

Physical
Property
Ob

Safety related
information

Sensing Processing Input / Output SC$ /
Unit Unit Unit Machine
>
Automation
related
SRS | information
(optional)

Interference
IEC
Figure 2 — Example 1 of SRS architecture

NOTE 1 An SRS can be constructed in a way that safety-related and automation-related functions are performed
in separate or common sensing, processing and output unit.
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Physical
Property

Object(s)

Envir

The

Interference

Physical
Property

Interference

— 25—
Sensing Unit 1 -
(e.g. Radar) > S_afety rel_ated
|nformat|on‘
. Input / SCSs/
Proces_smg | Output Machine
Unit ;
Unit
_ Automation
Sensing Unit 2 _ ~ related
(e.g. Lidar) - information
(optional)
SRS
IEC
Figure 3 — Example 2 of SRS architecture
Safety
related
- information-
o SRS 1 o
(e.g. RADAR) Safety
—p related
Automation information
related >
informatior Input /
optiohal
(op ) Processing Output SC$/
Unit Unit Machine
Safety (optional) (optional)
related
information >
> SRS 2 = Automation
(eg: LIDAR) _ related
> information
Automation (optional)
related
information
(optional) SRSS
IEC
Figure 4 —Example of SRSS architecture
sensing unit performs the sensing function by collecting information on physical

properties of object(s) and/or environmental influences and provides it as input to the
processing unit.

NOTE 2 The sensing unit can contain an emitting element or not.

The processing unit performs the processing function by processing information generated by
the sensing unit in order to produce safety related information.

NOTE 3 The processing unit can be analog and/or digital.

The input/output unit

— is connected to a SCS/machine,

— will provide safety related information,
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— can receive safety related information, and
— can provide automation related information.

If a safety related communication network is used at the input/output unit, it shall fulfil the
requirements of applicable standards (e.g. for functional safety field bus in accordance with
IEC 61784-3).

The manufacturer of an SRS/SRSS shall define appropriate technical and organisational
measures in accordance with this document to achieve the systematic capabilities over the
life cycle, taking into consideration all phases for the life cycle as defined in standards for
functional safety of SCS or all of the following:

hazard and risk analysis;

design and development phase;
— infegration and installation phase;

— operation, maintenance and modification phase.
Documentation of SRS/SRSS is assumed to be part of SCS documentatioh.

NOTE 4 SRS/SRSS safety requirement specification is part of the SCS safetyrequirement specification.

NOTE p The term "documentation" applies not only to documents in the“traditional sense, but also to c¢ncepts
such ag data files and database information.

4.2 |Hazard and risk analysis
421 General

Hazand and risk analysis shall be used to

— identify potential hazards caused by the\SRS/SRSS, and

— identify the required level of safety\performance (e.g. PL, SIL or SlL) as a result ¢f risk
analysis of the application.

The interconnection to risk analysis in accordance with the application in the figld of
machinery as shown in Figure 6 should be done in advance of starting the SRS/SRSS design
and development process. -The results are an essential part of the safety requirement
specification. During thexSRS/SRSS design and development process, the hazards profuced
by the SRS/SRSS shall-be identified and appropriate measures shall be added to the pafety
requirement specification. The information for use shall be provided with the SRS/SR$S for
the reppective user'group(s).
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e.g.1SO 12100
~__ Verification /
Start Yes " Areotherhazards . No Validation during End
T generated e.g. operation,
maintanance
v |
Risk assessment Safeguarding and Verification / Validation at
. mjchlr:jer%/ B Inherently safe complimentary opertor side
.( ased on define design measures protective Informations
limits and |nten§ed measures for use at the
use of the machine) e operator side
.~
Verification / Validation of the Machinery
Safety /" Design and / Information for
requirement /  development  / use of the
specm'catlon y of the y machine
machinery machine B
A
e.g. |lEC 6206]1
e.g.1SO 13849
Verification / Validation of the-SRECS
\ 4
ngety ¢ / Design and / |Information for
S e e e
/ SCS
the SCS : oftheSE€s o
A
e.g.|EC 6299
Hazards identified on
SRS/SRSS,
Risk reduction
measures defined
I Verification / Validation of the SRSS/SRS
! v
Safety -
requirement / Design and Information for
specification development  / use of the
SRS/SRSS // ofthe SRS/SRSS  / SRS/SRSS \
G o — / o - b
IEC

Figure 5 — Interconnection of an SRS/SRSS into hazard and risk analysis

4.2.2 Hazard caused by SRS/SRSS

4.2.2.1 General

The manufacturer shall analyse potential hazards caused by the SRS/SRSS and take
measures to reduce the risk down to a tolerable risk in accordance with the respective
standards.

NOTE 1 Hazards caused by the SRS/SRSS can arise, for example from the emission of optical radiation,
emission of ultrasonic waves, exposure to ionizing radiation.
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NOTE 2 Provisions for protection against hazardous electromagnetic emissions are given in relevant standards or
regulations (see for example EN 50499, EN 50527 (all parts) and EN 50364; for ultrasonic technologies, see for
example 1ISO 16148).

The result shall be documented.

4.2.2.2 Optical radiation hazards

Protection against hazardous coherent radiation shall be achieved in accordance with
IEC 60825-1.

Protection against hazardous incoherent radiation shall be achieved in accordance with
IEC 6p47T.

4.2.2.8 Electrical hazards

Prote¢tion against electrical shock shall be achieved in accordance with IEC 60204-1
or IEG 61010-1.

4.2.3 Required SRS/SRSS performance class

A risH analysis and risk reduction process in accordance with ,standards relevant for the
intended use shall be conducted. If risk reduction is achieved by safety related gontrol
systems, the intended risk reduction shall be specified on basis of the output informatjon of
the overall risk reduction process. The required level of safety performance (e.g. PL, BIL or
SILy)|of the safety related control system and the eorresponding SRS/SRSS performance

class [(in accordance with 4.3) to achieve the intended risk reduction shall be identified|using
one of the following approaches:

— refuired safety performance for safety relatéd control systems in accordance with specific
machine type C standards;

— required safety performance of saféty related control systems for the intended risk
reuction as defined in generic¢ or sector specific functional safety standards
(eflg. 1ISO 13849 (all parts); IEC-62061; IEC 61508 (all parts), 1SO 26262 (all parts),
ISP 25119 (all parts)).

NOTE [I The intended use is usually summarized as the "application". The application can be for example a
specifi¢ type of machine, a general application as electrical equipment within a sector like machinery,| or the
genera| use as part of safety related control system as described in IEC 61508 (all parts).

NOTE 2 For safety of (industrial machinery, the fundamental International Standard is 1SO 12100. Mafhinery
manufgcturers can work.through the risk assessment and risk reduction process described in ISO 12100 to jdentify
hazardg, estimate _risks and reduce risks adequately. The relationship of ISO 12100 and type-B and |type-C
standafds is diseussed in ISO TR 22100-1; the relation of 1SO 13849-1 and ISO 12100 is discussed in
ISO TR 22100-2,

4.3 |Correspondence SRS/SRSS performance class

The SRS/SRSS performance class shall be used following the procedures starting from
Clause 5.

The correspondence of required level of safety performance and minimum required
SRS/SRSS performance class is regarded as shown in Table 1.
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Table 1 — Correspondence between level of safety performance and minimum
required SRS/SRSS performance class

SRS/SRSS SRS/SRSS SRS/SRSS SRS/SRSS SRS/SRSS SRS/SRSS
performanc performanc performanc performanc performanc performanc
e class e class e class e class e class e class
A B C D E F
ISO 13849 PL , PL, PL PL 4 PL
IEC 62061 SIL 1 SIL, 2 SIL, 3
IEC 61508 SIL 1 SIL 2 SIL 3 SIL 4
To be|
determined?®

NOTH 1 There are already a lot of different performance classes defined which could lead to confusion pt the
end Jser side. The existing Type in accordance with IEC 61496 definition is not used because the design
specific approach should be clearly distinguished to the generic approach following this document.

NOTH 2 Correspondence to the different levels of safety performance of the gsafety related eledtrical,
electrpnic and software parts of an SRS/SRSS is due to the fact that provided risk fedutction is limited also by
the spystematic capabilities (for example environmental influences, EMC, detegtion™ capability and sgnsing
technplogy).

a8 Table 1 establishes a correspondence between the performance clas$, of this document and the lejel of
safety performance of ISO 13849 (all parts), IEC 62061 and IEC 61508 (allparts). Nevertheless, additiona] links
can b established in future to other level of safety performance schemes as for example the Agriculture|PL of
ISO 26119 (all parts) and the ASIL of ISO 26262 (all parts).

The defined SRS/SRSS performance class (e.g«~SRS performance class B) and the Igvel of
safety| performance (e.g. PL, SIL or SIL, ) shall be stated by the supplier within information

for use. The information for use shall state unambiguously that

— the element /subsystem description.and level of safety performance is in accordancke with
a feferenced standard for safety related control systems, and

— thée SRS/SRSS performance( class is
exfamination of systematic capabilities.

in accordance with this document usdd for

EXAMALE Sensor Subsystem SIL 2 in accordance with IEC 62061. SRS performance class D in accordanfce with
this dogument used for examination of systematic capabilities.

5 Diesign and development phase

5.1 General

The JRS/SRSS shall be designed and developed covering in minimum the following itens:

— determimatiomroftheimtendeduse;
— definition of required SRS/SRSS functions in accordance with 5.2;

— documentation of related requirements in a safety requirement

specification;

resulting safety

— design of safety related electrical, electronic and software in accordance with stated level
of safety performance and referenced standard (see 4.3);

— design analysis supported by simulation as defined in 5.3 and 5.4.
NOTE |IEC 61508-1:2010, 7.6.2.11, requires that for an E/E/PE safety-related system implementing a SIL 4 safety

function, i.e. a performance class F SRS/SRSS, there is a reconsideration of the application to determine if any of
the risk parameters can be modified so that the requirement for a SIL 4 safety function is avoided.

5.2 SRS/SRSS functions

For all SRS/SRSS performance classes, the SRS and/or SRSS functions shall be
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defined by the manufacturer and decomposed into functions in accordance with general
description of Table 2, and

stated in the information for use.

The safety related functions shall be

performed under the specified environmental conditions,

performed at limit of use as defined by the manufacturer, and

documented within the safety requirement specification.

Table 2 — Functions of an SRS/SRSS as applicable

Functions

General description

SRS/$RSS function

Time dependent determination of defined object(s):
e with defined physical properties,

e in a defined application,

e under environmental conditions,

and provision of an appropriate output information,

Safety related function

Parts of SRS/SRSS function detecting safety related objects for which malfur
or improper performance would lead to a degfadation of stated detection cap
beyond the limits stated in this document resulting in a failure to danger.

ction
hbility

Autonpation related
functipn

Parts of SRS/SRSS function detecting,objects for which malfunction or impro
performance does not result in a failure to danger.

per

Hazaidous object function

Parts of safety related function detecting safety related objects being a sourg
hazard when they enter into or’are present in a safety related zone.

e of

Person detection function

Parts of safety related function detecting safety related objects representing
persons or parts of persens/when they enter into or are present in a safety rg
zone.

lated

NOTE

applig
Furth

The functions in accordance with Table: 27are requested during design and development and used
ations to identify which parts of a safety.function, for example of a machine, is provided by an SRS/§
er information on decomposition of a _safety function is given in Annex C.

in the
RSS.

5.3

For al

NOTE 1

fa

in}5.8.3.3,

n

ty

S

Design analysis

| SRS/SRSS performance classes, the design of the SRS/SRSS shall be analysed

lure to danger.in safety related functions under environmental conditions as d

drmal operation under environmental conditions defined in 5.8.3.4,

sing technology, and

for

efined

o the

;T? and combination of physical properties of the safety related object in relation

limits of detection capability and dependability of it.

Methods for design analysis as part of verifcation are defined in 8.4.

NOTE 2 Where algorithms are used for detection, they are part of the analysis.

For SRS/SRSS performance classes C, D, E and F, the design of the SRS/SRSS shall be
analysed for failure to danger of the safety related function if automation related function is
performed.

5.4

Simulation

For SRS/SRSS performance classes D, E and F, the design analysis shall contain a
simulation to identify that the safety related function of the SRS/SRSS is performed

under tolerance conditions of components,
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- ov
— at

er the mission time stated, and
the limits of use as defined by the manufacturer.

The simulation shall be executed by the manufacturer using in minimum

- de
- da
- da
— da

The s

terministic and/or probabilistic calculations,
ta from component suppliers,
ta from ongoing qualification tests, and

ta from investigations during design and development.

NOTE
is giver

5.5
The s

An ob
zone
or shg

5.6

The s

An ol
relate

— be

— lead to an appropriate safety related information at the output unit.

More detailed information for generation and application of simulation used for analysis of anySRY
in Annex D.

Sensing zone(s)

Lipplier shall provide information on the sensing zone(s) if applicable,

ject or objects in accordance with 5.8.2.2 and 5.8.2.3 at any position inside the s¢g
shall not result in a degradation of the detection capability inside the safety related
Il lead to appropriate safety related information at the output unit.

Safety related zone

Lipplier shall provide information on relevant parameters of the safety related zone

ject/objects in accordance with 5.8.2.2and 5.8.2.3 at any position inside the
d zone shall

detected, and

Automation related zone

Lpplier shall provide information on automation related zones, if applicable.

5.8
5.8.1

Automation related.functions for purpose of quality control or process control can be performed in
tion related zone.

/ISRSS

nsing
zone

S).

safety

Side an

Hance

Detection capability and dependability

General

The detection capability and the dependability of the detection capability of an SRS/SRSS
shall be analysed and tested taking into account the following:

object classes and physical properties as defined in 5.8.2;

— limits of use;

— SRS/SRSS performance class;

— foreseeable misuse;

— en
de

vironmental influences as defined for failure to danger in 5.8.3.3 considering

pendability items:
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integrity;
reliability;

safety.

— environmental influences as defined for normal operation in 5.8.3.4 considering
dependability items:

availability;

robustness.

For SRS/SRSS performance classes A and B, appropriate testing can be sufficient and

analy

e mav hao amittad
oty Dot o

5.8.2

5.8.2.11 General

The (¢
physid

Objec

— ob
— ob
— ob

The p

- re
Sp

ha

NOTE
(electrd
electrig
impeda
permeg

NOTE 2

sensor

The li
be de

5.8.2.

Object classes and physical properties

bjects shall be defined by the manufacturer and shall be dete¢ted based on
al properties used to perform the functions in accordance with Table 2.

ts shall be defined as:

jects used to perform the person detection function;
jects used to perform the hazardous object function;
jects used to perform the automation related fungtion.

hysical properties used for the detection of safety related objects shall be:

bresentative for the safety related objéects as defined in the safety require
ecification by the manufacturer;

zardous object function in accordance with Table 2.

magnetic), area, capacitance,'density, dielectric, ductility, elasticity, electric charge, electrical cond
al impedance, electric field, 'emission, flow rate, fluidity, frequency, hardness, inductance, |
nce, Intensity, irradiance,.length, location, luminance, luminescence, malleability, magnetic field,

bility, permittivity, radianee, reflectivity, strength, temperature, thermal conductivity, velocity, volume

State of the art,can-be considered for the definition of physical property limits (e.g. application sta
related product standards).

mits of the physical properties within which the SRS-SRSS function is performed
ined and-be provided within the information for use.

P Persons and related properties

their

ments

propriate for the sensing technology used to perform person detection function and the

The physical properties of an ebject can include, but are not limited to: absorption (physical), abgorption

ctivity,
htrinsic
pacity,

hdards,

shall

If applicable, the manufacturer shall specify the physical properties used for person detection
and limits of the physical properties within which the person detection function is performed.

The limits defined for the physical properties shall be used for design and development.

Property length, area and volume of adult persons or parts of adult persons shall be in
accordance with ISO 7250 (all parts).

NOTE 1 Within ISO 7250 (all parts), only adult persons are represented.

If the SRS/SRSS is intended to be used for detection of children:

— the range of considered age under 14 years shall be defined by the manufacturer;
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— the age specific behaviour and development as listed in Annex C and Annex D of
CEN/CENELC Guide 14 shall be taken into account;

— the size(s) representing the body or parts of body of a child shall be defined by the
manufacturer and Annex E should be considered.

Property reflectivity shall be derived from the properties of skin and of fabric.

The dependence of wavelength shall be taken into account if radiation is used to perform the
sensing function.

NOTE 2  Further information on reflectivity can be given in sources including standards (e.g. IEC 61496-3,
ANSI/ITSDF B56.5.201Z, 1ISO 15622, ISU 18497).

Unlesp specifically required otherwise by the intended use of operation, diffuse reflection shall
be assumed.

Unlesp specifically required otherwise by the intended use, the velocity representing wplking
of adylt persons shall be assumed between 0 mm/s and 1 600 mm/s.

NOTE B 1600 mm/s for velocity is in accordance with intended use of an indusirial environment as defined in
ISO 13B55. Typically organizational measures are set in place to inform workers that funning is prohibited.

Unlesp specifically required otherwise by the intended use the’ acceleration of adult pgrsons
shall he assumed to be between 0 mm/s2 and 2 000 mm/sZ2,

NOTE 4 2000 mm/s? is the acceleration of an adult person_initidting normal walking speed of 1 600 mm/s
according to [1].

NOTE $ Velocities and acceleration for running person is different.

If applicable, property velocity and acceleration of children shall be defined bl the
manufacturer taking into account the behaviour as referenced in Annex E.

5.8.2.3 Hazardous object

If applicable, the manufacturer.shall specify the physical properties used for hazardous pbject
detection and limits of the physical properties within which the hazardous object funclion is
performed.

5.8.2.4 Automation-object

If applicable, thés-manufacturer shall specify objects used to perform automation rglated
functipns for SRS/SRSS performance class C, D, E and F.

NOTE | Specification is used to inform under which assumptions design and development was made to invgstigate
the infllence of automation objects on safety related functions of the SRS/SRSS.

5.8.3 Environmental influences
5.8.3.1 General

The manufacturer shall specify the environmental influences that can result in a degradation
of the dependability of an SRS/SRSS.

The potential degradation by specified environmental influences shall be analysed taking into
account the following:

— intended use;
— sensor technologies of SRS/SRSS;
— physical properties of safety related object(s).
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5.8.3.2 Conditions and limits

The manufacturer of the SRS/SRSS shall identify environmental conditions and limits taking
into account the intended use. Environmental parameters and severities shall be selected
from IEC 60721 (all parts) considering the following items but not limited to:

a) indoor and/or outdoor use (sheltered or not);

b) stationary operation and/or mobile operation;

c) temperature and humidity;

d) precipitation (rain, hail or snow) and wind;

e) pressuretof-surroundingairwater;—etc);
f) solar radiation and thermal radiation;

g) condensation and icing;

h) fog, dust, sand and salt mist;

i) v

j) fauna and flora (e.g. mould growth);

k) chiemical influences;

) e

n) sound.

NOTE Annex F shows examples of how the listed environmenital conditions can be applied.

ration and shocks;

ctrical and electromagnetic influences;

m) mIchanicaI load;

An application specific standard for machinery may give detailed requirements for some| or all
of the|items listed above.
Examples of sector or machine type~ specific standards that specify environmental
requirements are given in Table 3.
Table 3 — Standards that contain environmental requirements
Standard Sector/specific machine type
IEC 6P654-1 Industrial process measurement and control equipment — Operating conditions
1ISO 16003 Agricultural engineering — Electrical and electronic equipment — Testing resistance to
enviropmental conditions
EN 5(Q125-1 Railway applications — Environmental conditions for equipment — Part 1: Rolling stock and
on-board equipment
1ISO 1998 Earth-moving machinery — Machine control systems (MCS) using electronic componen{s —
Performance criteria and tests for functional safety
IEC 6p7271-3-3 Classification of environmental conditions — Part 3-3: Classification of groups of
environmental parameters and their severities — Stationary use at weather protected
locations
IEC 60721-3-4 Classification of environmental conditions — Part 3: Classification of groups of environmental
parameters and their severities — Section 4: Stationary use at non-weather protected
locations
IEC 60721-3-5 Classification of environmental conditions — Part 3: Classification of groups of environmental
parameters and their severities — Section 5: Ground vehicle installations
IEC 60721-3-6 Classification of environmental conditions — Part 3: Classification of groups of environmental
parameters and their severities — Section 6: Ship environment

The manufacturer shall specify for all relevant environmental influences the limits for failure to
danger condition and for normal operating condition.
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NOTE 2 The environmental conditions are used for analysis and testing and to describe the limits of use. Limits of
use in type and range are for example operation temperature 0° to 50°C.

NOTE 3 It is possible that some environmental conditions are not described in some standards. Public available
documents could be used to investigate their influence on sensing technology. One example for snow is provided
in [2].

5.8.3.3 Failure to danger

There shall be no failure to danger due to a loss of the detection capability in the safety
related functions of the SRS/SRSS beyond the limits specified in Table 4 in presence of

— environmental conditions relevant for the intended use according to the analysis of

Q. 4 al
5. D.o. 1, dllU

— application relevant objects, including safety related object(s), anywhere inside_the pafety
related zone.

Table|4 is intended to provide generic constraints and shall only be used imconjunction with
the relevant text of 5.8.3.3. Analysis at the application level considéring the relevant
envirgnmental conditions shall be conducted to determine if the expected) rate and durafion of
the oqcurrence of loss of the detection capability and the expected demand are likely to|result
in a fgreseeable hazardous situation. If this is the case, the limits in Table 4 shall not bg used
as a donstraint and further measures shall be applied.

EXAMHLE 1 Where any loss or degradation of the detection capability¢would immediately result in a hagardous
situation.

EXAMHLE 2 If the environmental influence which causes the loss or degradation of the detection capabillty also
increases the level of risk, for example falling snow which degrades the detection capability also in¢reases
stoppinig distance of a mobile hazard.

The manufacturer shall analyze the influence“of relevant environmental conditions gn the
detection capability using

— simulation(s) and/or test(s) of the influences in accordance with 5.8.3.2 under which p loss
of[detection can occur, and

- deLt)ermination of the quantitative limits of influences that result in a loss of the detgction
cajpability.

The manufacturer shall document during design and development the results of analysis,
deterrhined limits and eompliance with Table 4.

1=

Tahle 4 — Limits for failure to danger condition (loss of the detection capability)
to environmental interference for high demand mode

ue

SRS/SRSS performance class Maximum accumulated duration of
failure to danger per year

4 1o
1T

b 3

5 min

1 min

5 sec

0,5 sec

MmO | O|®

Response time

NOTE 1 Maximum values are defined due to the fact that sporadic effects under environmental conditions are in
line with probabilistic requirements for integrity of generic standard ISO 13849-1. The limits for the duration of
failure to danger derive from PFHp-values being interpreted as fraction of the year. Table G1 illustrates the
connection.
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If the response time of an SRS/SRSS is longer than the maximum duration specified in
Table 4, it replaces the corresponding limit value in the table. No SRS/SRSS is required to
provide detection faster than its specified response time. If the duration of failure to danger is
limited to the response time of an SRS/SRSS, there is no limitation concerning the
accumulated duration.

If it is not possible for the manufacturer to ensure that the duration of a failure to danger due
to a loss of detection capability stays below the limits specified in Table 4 the manufacturer
shall give a justification by analysis why the limits of Table 4 are not achievable with adequate
measures in the SRS/SRSS and proceed in accordance with one of the additional approaches
as illustrated in Figure G.2 by applying one or more of the following:

— define limitations in use to prevent failure to danger under specific envirahtental
conditions and provide appropriate additional information for use; or

— determine that limits in accordance with Formula G.1 are fulfilled for a specific dgmand
rate and give appropriate additional information for use, or

— determine type and value of the degradation of the detection capability,of the SRS/SRSS
and provide appropriate additional information for use.

The r¢sults of justification, determination and defined limits shall beldocumented.

NOTE R  Appropriate provided information to the user can contain measures to reduce the coverage/decision
probabllity or prevent a failure to danger under the relevant environmental influences (e.g. installation yarning
informgtion, field test, alternative measures for appropriate risk reduction)) or consequences if these limits jare not
achieved in the application (see Annex G).

5.8.3.44 Normal operation

The manufacturer shall analyse for each relevantienvironmental influence according to 5.8.3.2
up to which limits the SRS/SRSS provides nopmal operation.

For 4ll relevant environmental influences according to 5.8.3.2, the manufacturer ¢f the
SRS/$RSS shall:

— prpve normal operation undef_the specified limits by environmental tests accord|ng to
IELC 60068 (all parts) and/of~verified simulations;

— specify measures to reduce the detrimental effect of environmental influencgs on
avpilability if achieved\values are outside the limits as defined in the sSafety requirement
specification;

— prpvide information to the user on the limits of normal operation of the SRS/SRSS;
— prpvide additienal information on measures for the use of the SRS/SRSS outside the|limits

of|normal ‘operation if applicable.
EXAMHLE~ 'Measures could be:

— anloufput signal of the sensor that informs on excessive environmental influences leading to reduced
availability or that triggers alternative operation states;

— alternative states of SRS/SRSS operation with degraded detection capability that are more robust to
environmental influences. This is possible if the hazardous motion of the machine can be adapted accordingly
(e.g. reduced speed of an AGV in heavy rain or snow at reduced sensor range).

Limits should be given predominantly by values, see example in Annex F.

NOTE Requirements in normal operation are defined to achieve availability and robustness resulting in an
appropriate dependability. If normal operation is not achieved, there is an increased risk for bypassing the safety
function.
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5.9 User interface
5.9.1 General

The manufacturer shall define the type and performance of safety related user interface(s)
inside the safety requirement specification.

Type and performance shall be sufficient to perform the safety related function for the
intended use and shall content in minimum requirements on:

— mounting;

_ S abv ralatad informatinn (At inn b/t it ).
Sty ot T o Tt O ot pot Ootp ot Ot it

— organizational measures for risk reduction on wuser interface during _life“|cycle
(e{g maintenance test of detection capability).

NOTE | This document does not deal with procedures on user interface as input for an SRS/SRSS for for example
configuration or power supplies to take the SRS/SRSS into operation. The main goal of thisidocument is |to give
guidange for the examination of the systematic capabilities.

The plerformance of the user interface shall be valid over the lifecycletand the supplief shall
inform the user on all procedures (e.g. tests) during lifecycle of.the’ SRS/SRSS taking into

accm.]nt:

— infegration of safety related information into an safety related control system;
— taking into operation at the end user side;

— trqubleshooting during operation;

— maintenance (in example replacement).

5.9.2 Mounting
The shpplier shall inform the user about:

— restriction in mounting position of asensing unit/SRS/SRSS (e.g. only top mounting);

— logation of sensing zone(s) relative to mounting surfaces or reference point at the sgnsing
unlit/SRS/SRSS;

— logation and limitations in*mounting of sensing unit/SRS/SRSS;

— detection capability inran SRS/SRSS as a result of mounting;

— lo¢ation and geometry of SRS/SRSS sensing zone(s);

— measures tosprevent or monitor changes in mounting resulting in failure to danger
(elg. groundruth points, references, torque limits, form closures).

If bragkets for mounting are provided by the supplier, these shall be used for type tegt and
acceptaqce’test as far as reasonable applicable.

5.9.3 Safety related information
5.9.3.1 General

The manufacturer shall define the safety related information provided by the SRS/SRSS
(see Figure 6).

Safety related information are:

— result of determination of the presence of a physical property provided as a decision
information; and/or

— value of a physical property provided as a measurement information; and

— their corresponding confidence information.
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Figure 6 — Safety related information of an SRS/SRSS

The shfety related information provided by the output unit of the SRS/SRSS shall be of pne of
the following signal types:

— analog; and/or
— digital binary or n-ary transmitted by a:
¢ | serial transmission path; and/er

e | parallel transmission path:

NOTE [I  The output unit can provide three types of electrical signals. Analog electrical signals (e.g. ¢urrent,
voltage]), hybrid analog and digital electrical (e.g. current and HART protocol or binary switch and /O link) or a
digital putput only (e.g. via fieldbus protocol, wired or wireless).

The sfgnal to initiate the fault reaction function and its fault response time shall be specified
and pfovided withinxthe information for use for SRS/SRSS performance class C to F.

NOTE 2 Examples for signal to initiate the fault reaction function are given in Clause G.4.

5.9.3.p Measurement, decision and confidence information

The manufacturer shall specify the measurement information, if applicable, and give
appropriate information within the information for use.

NOTE 1 Measurement information can contain type and unit of measurement (e.g. distances in mm, temperature
in Kelvin) and signal type and description of used signal at the output unit (e.g. binary digital signal, protocol for
information transmission over serial transmission path).

The manufacturer shall specify the decision information, if applicable, and give appropriate
information within the information for use.

NOTE 2 Decision information could contain decision criteria (object with defined size in defined area) and
corresponding signal at the output unit (e.g. high signal in voltage if criteria is achieved and low level signal if
criteria is not achieved).

The manufacturer shall specify confidence information for the safety related information.
Confidence information shall cover:
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— coverage probability and coverage interval if the SRS/SRSS provide measurement
information; and/or

— decision probability if SRS/SRSS provide decision information.

Systematic faults and errors influence the stated confidence information. If errors can be
compensated by, for example, calibration at user side, the corresponding measures should be
defined in accordance with 6.3.

NOTE 3 Confidence information could be constant or variable over time.

NOTE 4 Confidence information could be provided as analog and/or digital signal at the output unit and/or within
information for use.

NOTE $ Coverage interval cannot be applied to decision information which is discrete.

The minimum required coverage probability and/or decision probability shall be in accorfance
with Tlable 5 or Formula (1).

Table 5 — Minimum required coverage probability/decisionprobability
at high demand rate

YRS/SRSS A B (o] D E R
perfdrmance class

Assurhed high

1/24h 1/h 1/h 4/h 4/h 4/h
demahd rate

Covelage
probapility if
measfirement >1-2,4* 1073 >1-1* 105 >1-3% 06 >1-2,5* 107 | >1-2,5* 108 | >1-2,5F 10°°
information is
provided

Decis|on probability
if dec|sion
infornjation is
provided

>1-2,4* 1073 >1-1* 103 >1-3* 1076 >1-2,5* 107 | >1-2,5* 108 | >1-2,5F 10°°

NOTH Equal values for coverage probability and decision probability are used in Table 5 because both would
result|in the same increase of risk.

If an application specific demand rate will be applied instead of Table 5, following Formdla (1)
shall be applied.

L
P>1-— 1
5 (1)

whereg

P is the coverage probability or decision probability;
L is the upper limit PFH corresponding to SRS/SRSS performance class;
D is the application specific demand rate.

NOTE 6 Upper limit of PFH can be taken from generic functional safety standards such as IEC 62061
or 1ISO 13849-1.

5.9.3.3 Response time

The time from a change of a measured physical property until the corresponding change of
the safety related information provided at the output unit shall be specified.
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There could be different response times if the SRS/SRSS provides confidence information,
measurement information or decision information. The different response times should be
defined unambiguously.

The manufacturer shall analyse that the specified safety related object with defined physical
properties is detected within the response time within the specified limits of use.

NOTE Within limits of use, for example the dimension of safety related zone, the response time is defined to
achieve detection of the object with a specific property (e.g. speed).

6 Integration and installation phase

6.1 General

The manufacturer of an SRS/SRSS shall define:

measures for further integration of an SRS/SRSS into SCS to achieve(the safety related
function (e.g. test to be performed for verification of systematic¢ capabilitie§ and
appropriate use of safety related information after integration), if applicable,

— measures for further integration of two or more SRS into an SRSS using fusion apgroach
infaccordance with 6.2, if applicable,

— measures for installation of an SRS/SRSS at user side.t6 achieve the safety rglated
function of an SRS/SRSS (e.g. need for inspection of right setting of safety related gones
in [respect to the mounting conditions), if applicable, and

— measures for calibration at user side to achieve the stated detection capability in
acicordance with 6.3, if applicable.

The supplier of an SRS/SRSS shall give ¢appropriate information for integration and
installation within the information for use.

6.2 Fusion of SRS into an SRSS
6.2.1 General

Fusion of two or more SRS inte'an SRSS is used to improve the limit of use comparefl to a
singlel SRS.

Subclause 6.2 gives specific requirements to fusion of two or more SRS into an SRSS (figure
4) by|[the user group~SRS integrator into an SRSS (furthermore named SRSS integrgtor in
6.2).

Subclause-6;2 applies only if the physical property of a safety related object is the basis for
fusion of ftwo or more SRS into an SRSS within the limits of physical properties as defined for
the SRS.by the manufacturer and provided within the information for use by the supplierr

NOTE 1 6.2 does not apply to higher level functions like object recognition or classification or complex physical
models.

NOTE 2 The integration of sensing units, SRS, SRSS and their relationship to sensor fusion is explained in more
detail in Annex B (user groups) and Annex | (Examples of functions, safety related information and fusion).

NOTE 3 Combination of sensing units within an SRS is not covered in 6.2. Example for combinations of sensing
units in an SRS (Figure 3) is a combination of different sensor technologies like LIDAR (light detection and
ranging) sensing unit with Radar sensing unit. This is covered by the requirements as given for the SRS
manufacturer.

NOTE 4 The user group integrator of SRS into an SRSS is assumed as being not as familiar with determination
of SRS/SRSS detection capabilities as the manufacturer of an SRS/SRSS. The integrator is instructed by the
information for use provided by the SRS (see Annex B — User groups).
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NOTE 5 The user group integrator of SRS into an SRSS is assumed as being familiar with fusion of safety
information. Usually, integrators have competence in signal processing which is used for the fusion of
related information.

The SRSS using 2 or more SRS shall be designed and developed covering at minimu
following items:
— determination of the intended use of the SRSS;

— definition of resulting SRSS functions under consideration of already defined
function;

related
safety

m the

SRS

— documentation of resulting safety related requirements in a safety requirement

specification;

— degsign requirements of safety related hardware and software in accordance with
leyel of safety performance (PL, SIL, or SlL;) in accordance with Table (@ if

performance class is higher than SRS performance class (see 6.2.7);

The §RSS integrator shall:

ddfine limits of use of the SRSS using two or more SRS in accordange/with 6.2.2;

— vadlidate that each SRS is used within the limits of use as definedWwithin the informati
use as provided by the SRS supplier;

— verify improved limits of use (e.g. detection capability and_safety related informati
th¢ SRSS in accordance with 6.2.9;

— prpvide appropriate information for use of the SRSS.and each SRS to the user.

6.2.2 Limits of use after fusion

The SRSS integrator shall define and document,the limits of use of the SRSS considerin

— dédtection capabilities (see 6.2.3);

— sensing zones (see 6.2.4);

— dependability under environmental conditions (see 6.2.5);

— safety related information (see'6.2.6);

— SRS performance class(see6.2.7);

— regponse time after fusion (see 6.2.8).

The §RSS integrator~shall define and document the limits of use if the fusion of two or

SRS into an SRSSyresults in an improvement, in a degradation or in equal characterist
defingd for each”’SRS by the manufacturer.

NOTE [I Aspects of the detection capability to be considered are for instance the object location, obje
responge time/or measurement accuracy. Improvements regarding the sensing zone could be an extensior
zone.

stated
SRSS

on for

bn) of

more
Cs as

bt size,
of the

NOTE 2 Improvement of detection capability in an SRSS could be achieved by combination of 2 SRS sensing
zone mounted on different positions resulting in one common sensing zone with reduced size. Finally, the limits of

use could be improved from intended use point of view (see Figure I.1).
6.2.3 Detection capability after fusion
The SRSS integrator shall specify the resulting SRSS detection capability considering:

— detection capability of the SRS;

— limits of use of the SRS;

— physical properties used for detection by the SRS;
— possible interference effects between the SRS;

— alignment of SRS safety-related information.
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NOTE 1 If more than one SRS simultaneously use probe radiation, such as illumination light or radar emission or
emit electro-magnetic radiation, the detection capability of the SRSS could be impaired due to mutual interference
of the SRS.

NOTE 2 Various aspects of detection capability such as position accuracy or response time rely on the exact
alignment of SRS output data (for instance a coordinate offset or a timing offset can induce measurement error or
inconsistencies in fused sensor data).

The SRSS integrator shall verify the resulting detection capability of the SRSS by test in
accordance with 8.5 and shall additionally classify the test results in the report as "after
fusion”.

6.2.4 Sensing zone(s) after fusion

The SIRSS integrator shall specify the resulting sensing zone(s) considering:

— sefnsing zone of the SRS as defined by the manufacturer;
— the specified detection capability of the SRS;

— limits of use of the SRS;

- inr]erference effects between the SRS;

— mounting and relative orientation of the SRS;

— alignment of safety related information of the SRS.

The §RSS detection capability as defined by the SRSS integrator shall be ensured within the
fused|sensing zone(s).

NOTE | Errors in mechanical alignment of mounting or alignment*tolerances of the SRS safety-related infofmation
can haye an effect on the fused sensing zones.

The $RSS integrator shall verify the specified sensing zones of the SRSS by test in
accorflance with 8.5 and shall additionally tlassify the test results in the report as |"after
fusion".

6.2.5 Dependability under environmental condition after fusion
The SRSS integrator shall specify the limits of all relevant environmental influences:

— regarding failure to danger of the SRS;
— regarding normal operation of the SRS.
The requirements.'given in 5.8.3.3 for no failure to danger due to a loss of the detpction

capaljility in the—safety related functions of the SRS/SRSS shall be fulfilled except the
requirement far/analysis using simulation techniques.

NOTE | .Simulation cannot be used because the SRSS integrator usually does not have enough information| on the
sensorltechnologies ised within an SRS

The SRSS integrator shall specify for each environmental influence the limits where the SRSS
provides no failure to danger taking into account the environmental limits for no failure to
danger as defined by the SRS manufacturer.

The SRSS integrator shall specify for each environmental influence the limits where the SRSS
provides normal operation taking into account the environmental limits for normal operation as
defined by the SRS manufacturer.

6.2.6 Safety related information after fusion

The SRSS integrator shall specify logic functions performed in a processing unit of the SRSS
and shall specify the safety related information provided by the SRSS considering:

— the measurement information of the SRS;
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— the decision information of the SRS;

— the corresponding confidence information.

If the SRSS provides safety related information with an improved confidence as compared to
the individual SRS, the improvement and the related confidence information of the SRSS shall

— be

based on the confidence information of the SRS,

— take into account the detailed processing algorithm of the SRSS, and

— be ensured by appropriate methods (e.g. by propagation of errors calculation or by
simulation).

NOTE

exampl
approa
confide

NOTE

e using the central limit theorem, Kalman filters, Bayesian networks and many others. Somge-0
Ches require detailed knowledge to determine the resulting safety related information and the Corresy
nce information.

For further information on error propagation see ISO/IEC Guide 98-1.

I In general, fusion can be accomplished by a large variety of algorithms performed in the SRES, for

these
onding

The fCTsion process of inconsistent SRS safety related information candead to reduced SRSS

confi
which

The c

6.2.7

The SRSS integrator shall specify the resulting sensor performance class considering:

— S€

— limits of use of SRS as defined by the manufacturer;

— CO
— di

The m
inforni

- th

— each SRS already-provides the safety related information of the SRSS; and

- th

ddtection/measurement of one SRS (e.g. by environmental influences) is compensaf

th

ence or degraded detection capability. The SRSS integrator shalt’analyse if and

SRSS performance class after fusion

nsor performance classes of each single"SRS as defined by the manufacturer;

nfidence information of SRS;
ersity and/or redundancy of the’SRS sensor technologies.

aximum applicable SRSS performance class for the SRSS using fusion of safety r
ation of two SRS is given in Table 6 if:

b SRSS providesysafety-related information with increased dependability; and

b other-SRS.

under

conditions inconsistencies can occur and how they affect the-detection capabilify and
confidence information.

bnfidence information of an SRSS shall fulfil the requirements of Table 5 or Formula (1).

elated

p SRS arenmounted and/or configured such that a degradation of the performance of

ed by
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Table 6 — Maximum applicable SRSS performance class after fusion using two SRS

SRS 1 performance class

C | D|E

SRS 2 performance class

miolo|wm|>
mfolo|w|m|>
m|olO|O |
m{O[O|O|O
m| m|O|O|O
m|m|{m|m|m
b T e T e T e O A N B 1 |

The |
two S

Table

NOTE
would i

Verifiq

6.2.8

The t
the sa
more

6.2.9

The S
and 6

This n

EXAMHA
e pro
e pro

e spa

_r
-
-
-
-
-
-

mitations in accordance with Table 6 are also valid for a combination~nof” morg
RS.

6 is limited to one time use (consecutive combinations are not considered).

A combination of a first SRS claiming performance class A with a second claiming A and a third cla
e limited to B after fusion.

ation by analysis shall be done.

Response time after fusion

me from a change of a measured physical property until the corresponding char
fety related information provided at the output unit of an SRSS using fusion of f
SRS shall be specified by the SRSS integfator.

Verification and validation after fusion

RSS integrator shall verify and/or validate the SRSS in accordance with 6.2.3,
2.7.

night require measures for further calibration.

LE When SRS arelcombined in an SRSS, the following calibration issues may arise:
iding measurement in relative or absolute data;
iding measurement in different physical units;

tial transformation;

than

ming B

ge of
wo or

6.2.4

e pro

ection (e g project 3D data into 2D space):

o different coordinate systems (e.g. Euclid, polar, cylindrical);

o different metric units and scaling.

6.3
6.3.1

Calibration at user side

General

The manufacturer of an SRS/SRSS shall define if a calibration procedure is required in the

applic

ation to achieve the stated detection capability and fulfil the requirements of 5.8.

EXAMPLE Calibration procedure could be required if:

e measurement accuracy of the SRS/SRSS will change over time and, following the detection, capability is
beyond the limits as defined by the manufacturer, which could result in a failure to danger or loss of normal

ope

ration;
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e correction of failures of measurement accuracy are required by using adjustment of the SRS/SRSS in the
application to achieve the detection capability during set into operation (e.g. by determination of temperature in
the application as basis for adjustment used for reduction of "systematical errors").

If the SRS/SRSS provides an auto-calibration and adjustment function during operation, the
SRS/SRSS shall not fail to danger if the calibration acceptance criteria are not achieved.

6.3.2 Calibration procedure and equipment
The manufacturer shall:

— describe the procedure of calibration by the user:

o [ define when and how the calibration procedure shall be performed;
o | state which equipment is needed for the calibration procedure; or
— prpvide the necessary equipment:

¢ | describe installation, configuration and operation mode of required~equipment and/or
SRS/SRSS as setup;

¢ | define measures for verification and/or validation.

NOTE | The calibration procedure could be executed after a SRS/SRSS has been installed before operatiop starts
or after re-installation or exchange of components of a SRS/SRSS or a periodicaljre-calibration.

When| one or more software program(s) is involved in the c¢alibration procedure, for example
for adquisition, processing, recording calculation or analysis of calibration data, it shiall be
develpped in accordance with the standard for the SCS. Measures shall be appropridte for
demand rate and impact of the calibration procedure{performed in an SRS/SRSS of a defined
performance class.

6.3.3 Verification and validation of calibration
The manufacturer shall define

— conditions (e.g. mounting positiom; environmental) during verification/validation,

— acceptance criteria for verification/validation to start or exit a calibration progedure
(e|g. measurement uncertainty; time of operation),

— adjustment of the SRS/SRSS if the accuracy is outside the calibration acceptance criteria,

— indccuracies of calibration procedure and their consideration in acceptance criteria, gnd
— conditions during\calibration procedure.
The sppplier shafl-provide information about how the results of the calibration procedurg shall

be dqcumented at user side. The SRS/SRSS shall not fail to danger if the calibration
acceptance griteria are not achieved.

EXAMPEE—Acceptance—criteriaare:

o for a relative humidity (RH) sensor, the calibration acceptance criteria is for example + 2 %;

e for distance measurement, it could be a limit in measurement accuracy and measurement uncertainty.
NOTE 1 Verification and adjustment can be executed more than one time to achieve required acceptance criteria.

NOTE 2 Verification can be executed by field tests in accordance with 8.5.
7 Operation, maintenance and modification phases

The manufacturer of an SRS/SRSS shall define appropriate measures to

— achieve safety related functions during operation,
— verify safety related functions during maintenance, and
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hieve safety related function in case of modification.

2019

The supplier of an SRS/SRSS shall give appropriate information for operation, maintenance
and installation within the information for use.

8 Verification and validation

8.1

General

Verification and validation shall be carried out for ensuring systematic capabilities of an
SRS/SRSS.

8.2

The r
verifig

The npanufacturer of an SRS/SRSS with a performance class D, E, and’F shall estab

verifig

- re
d
- d
th

- th
an

— adg

NOTE
SCS.

NOTE 2

The r
can b
verifid

Table

has dffferent requirements.

Verification of an SRS/SRSS

bquirements given in the safety requirement specification of the SRS/SRSS sh
d by analysis and/or testing during design and development.

ation plan as a document that includes

erences to specific requirements of the safety requirement specification for SRS/S
tails of when the verification take place during design and“development,

tails of the persons, departments or units who carry out the verification,

b selection of verification by analysis in accordanee with 8.4,

d resulting document, and

ceptance criteria and means to be usedcfor the evaluation of verification results.

Il The verification plan of an SRS/SRSS ,can be part of the overall verification and validation plar

The verification plan can be part 6f\a safety plan of an E/E/PES.

eference to specific requirements of the safety requirement specification for SRS/
e achieved by a requirements management tool which shall be referenced insig
ation plan if applicable:

7 shall be applied unless the standard being used for the functional safety of the

all be

lish a

RSS,

b selection of verification by testing in accordance with 8.5 by reference to the test plan

of the

SRSS
e the

SCS
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Table 7 — Means to be used for evaluation of verification measures
and verification results

SRS/SRSS performance class

verification plan

- completeness

- completeness

Means/
verification A B C D E F
measure
Review of Not required Not required Not required Check for: Check for: Check for:

- completeness

requirgment
speciffcation

of
requirements;

of
requirements;

of
requirements;

and results
- proper - proper - proper
implementation | implementation | implementation
Reviey of Check for: Check for: Check for: Check for: Check for: Check fof:
fulfiliment of safety -fulfillment -fulfillment -completeness -completeness -completeness -completg¢ness

of
requirements;

informjtion for use

-completeness
in accordance
with Clause 8

-completeness
in accordance
with Clause 8

-proper -proper -proper -proper
implementation; | implementation; | implementation; | implementation;
-fulfillment -fulfillment. -fulfillment. -fulfillment.
Reviey of analysis Not required Not required Check for: Check for: Check for: Check fof:
-proper method | -proper methody | -proper method | -proper njethod
-proper -proper -proper -proper
implementation | implemeéntation [implementation | implemerjtation
-no failure to -no,failure to -no failure to -no failurp to
danger danger danger danger
condition condition condition condition
RevieWw of tests Check for: Check for: Check for: Check for: Check for: Check fof:
- proper test - proper test - proper test - proper test - proper test - proper fest
plan plan plan plan plan plan
- tests fulfilled | - tests fulfilled | - tests fulfilled - tests fulfilled - tests fulfilled - tests fulfilled
RevieWw of Not required Not required Not required Check for: Check for: Check fof:

-complet¢ness
in accorfEnce
with Clause 8

Correftive actions as result: of reviews shall be defined and set in place if Table 7

fulfilled.

Corregtive actions_shall be implemented and verified again in accordance with Table 7.

8.3

The matufacturer of an SRS/SRSS shall define measures for validation over the life

considefring-

Validation of an SRS/SRSS

s not

cycle

— correct integration of an SRS/SRSS (e.g. mounting or safety related information provided
by the output unit);

— appropriate risk reduction as intended by the safety related functions;

— absence of intolerable hazards produced by the SRS/SRSS (e.g. optical radiation in
accordance with 4.2.2.2);

— appropriate test method and test set up in accordance with 8.5.3 and 8.5.4 (e.g. for field
test or endurance test);

procedures for test and analysis;

documentation of test and analysis result.

appropriate analysis methods in accordance with 8.4 (e.g. inspection);
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Validation measures and procedures shall be documented by the manufacturer and provided
by the supplier in an appropriate way within the information for use.

If validation measures and procedures result in non-conformity, appropriate measures at user
side shall be provided by the supplier within the information for use.

NOTE 1 This can contain the need for information of the supplier on non-conformity items.

The user shall be informed about the need for documentation and review of validation results

if applicable.
Definifi
desigh and development. Results of SRS/SRSS verification shall be considered,an

inspe
docun

NOTE
manufg
assumg

8.4

Analy

A qud

im
co
(e
co
[ )

pe
of

ttions/tests in the application can be necessary. Because of these consideration
nent does not require a validation plan comparable to a verification plan.

2 The documentation is separated into portions defined by the manufacturer.'and” the supplig
cturer documentation addresses measures and processes related to his domainsexpertise. The sug
d to be more familiar with the application at the user side and the available competence.

Analysis
5is shall be used for verification and validation of the

pact of component(s) behaviour on the detection capability of an SRS/SRSS,

nformity of an SRS/SRSS with the safety requirement specification and this doc
g. SRS/SRSS function as defined in 5.2),

rrect integration at the user interface of a
SRS into an SRSS if applicable,
SRS/SRSS into a SCS if applicablesiand
SRS/SRSS into a machine if applicable, and

an SRS, SRSS, SCS and/otimachine.

condifions on SRS/SRSS ‘of performance class C, D, E and F.

Safety

analysis used\for verification is performed at the appropriate level of abstraction

designh and develepment of an SRS/SRSS.

Quant
analy

itative—amalysis methods predict the frequency or duration of failures while qual
5is methods identify failures but do not predict the frequency or duration of failures

ge of
J first
5, this

r. The
plier is

iment

rformance of the SRS/SRSS ‘at-the end user application as defined by the manufacturer

ntitative analysis shallbe performed with regard to prevention of failure to danger

juring

tative

Both types of analysis methods depend upon knowledge of the relevant fault types and fault
models.

Qualitative analysis methods include but are not limited to

NOTE 1

qualitative FMEA at system, design or process level,

qu
es

alitative FTA,

timation by simulation models,

analysis by inspection, and

analysis by formal design review.

technology and dependability of detection capability.

Inspection during verification of an SRS/SRSS is a method requesting domain expertise in sensing
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Quantitative safety analysis complements qualitative safety analysis. They are used to verify
against target values as defined in Table 4, Table 5, Formula (1) and Formula (G.1).

Quantitative analysis methods include but are not limited to:

NOTE P Another criteria for the choice of appropriate analysis methods is the way they are conducted, lnEuctive
analysip methods (e.g. FMEA, Markov modelling) are bottom-up methods that start from a known)cau

quantitative FMEA;

quantitative FTA;

prediction by simulation models like:
e Markov models;

e reliability block diagrams respective reliability models.

e and

forecadt unknown effects. Deductive analysis methods (e.g. FTA and reliability block diagram) are top down

methods that start known effects and seek unknown causes.
8.5
8.5.1 General

Tests|shall be used for verification respective validation of the:

Test

impact of component(s) behaviour on the detection capability’of an SRS/SRSS;
cofrrectness of model(s) used for simulation if applicable;

conformity of an SRS/SRSS with the safety requirement specification and this docyment,
(elg. SRS/SRSS function as defined in 5.2);

cofrrect integration at the user interface of an
e | SRS into an SRSS if applicable;

e [ SRS/SRSS into a SCS if applicable;

¢ | SRS/SRSS into a machine if applicable;

performance of the SRS/SRSS ‘at'the end user side as defined by the manufacturer| of an
SRS, SRSS, SCS and/or machine.

The gupplier shall describe test and test set up for verification respective validation [to be

performed at user side within information for use.

NOTE | SCS and/or machine are stated to cover potential additional information generated during integration of an
SRS/SIRSS which are\xelevant for the final performance of the SRS/SRSS at end user side. No |further

requirements will b€ given for SCS and/or machine supplier.
8.5.2 Test.classification

Tests|shall be defined by the manufacturer using one or more of following:

type test (e.g. used for type test examination of detection capability during design and
development of an SRS);

qualification test (e.g. used to qualify a shipment of components used in an SRS);
routine test (e.g. used to test 100 % of an component in a production line);
endurance test (e.g. used to show durability of an item over an assumed lifetime);

laboratory test (e.g. used to verify correctness of models used as part of simulation during
design and development);

maintenance test (e.g. used to verify correct localization of SRSS safety related zone at
operator side after modification on machines);

system test (e.g. used for verification of correct integration of an SRS into an SRSS);

simulation test (e.g. used for verification of safety related functions of an SRS under
environmental conditions as defined inside the SRS representative for the intended use);
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— acceptance test (e.g. agreed between an SRS manufacturer and SCS integrator used to
get acceptance on defined requirements);

— field test (e.g. used for verification of safety related functions und real environmental
conditions at the operator side).

NOTE 1 The type tests could be performed by the manufacturer or an authorized company, on one or more
devices under test taken from the normal production or pre-production, and are intended to assess the
performances strictly dependent on the design of the SRS/SRSS. They are performed on new developed
products or on products on which significant design modifications have been made.

NOTE 2 The acceptance tests could also be performed by the manufacturer, usually in the presence of the
customer which can be the integrator, in order to verify if the SRS supplied by the manufacturer meet the
requirements outlined in the specification.

NOTE B After installation and during operation of the SRS/SRSS, it could be necessary to verify theliptegrity
of deteftion and/ or localization of the safety related zone with a defined maintenance test at operaterside] In this
case, flhe manufacturer informs the operator on the necessary procedure and on the necessary”equ|pment.
Maintepance tests are often related to country specific and application specific regulations, which.can define for
example cycle of test when maintenance test has to be performed.

NOTE # System test could be impacted if a safety related function of an SRS/SRSS js'\pefformed as a flunction
block bly software module which can be tested. Tested software modules could be further verified during a spftware
integration test as system test using for example the SCS where it is executed.
NOTE p During field test on operator side, it could be beneficial to define in.advance within the test plan which
influenges on the SRS/SRSS safety related function are of major interest and,te_record them in an appropriate way.

For exgdmple, fog could be recorded by a timestamped camera that observés the same zone as the SR$/SRSS
during the field test.

8.5.3 Test method and test setup

The manufacturer of an SRS/SRSS shall define thextest methods.

NOTE An example of a test method is a light interferénce test for normal operation and no failure to dapger by
using a tungsten halogen source of defined behaviour'as representation for natural light during a laboratory fest.

If a laboratory test is applied, test methods should comply as far as reasonable with the
metrojogical principles concerning validation, measurement traceability and estimation of
measlirement uncertainty. Requirements related to testing equipment should comply as [far as
reasohably practicable with the provisions concerning accuracy and calibration.

NOTE 2 Guidance about good practices can be found in ISO/IEC 17025.
NOTE Other documents could be applicable (e.g. ISO/IEC Guide 98-3).

The tpst setup shall-be defined by the manufacturer of an SRS/SRSS and shall take the
followjng into aceount as far as reasonably practical:

— mounting*conditions and mounting brackets as defined by the manufacturer;

— size of\sensing zone(s) as defined by the manufacturer;

£.

— th h 1roa Af Ayt it
oo —out t

e sensing unit;

e processing unit;

e output unit,
— reproducible representations of safety related object properties;
— reproducibility of test setup and used test equipment.

NOTE 4 The choice of the test setup and the way to provide a physical property of a safety related object in an
accurate and traceable way as the input information of the SRS/SRSS device under test (DUT) is an issue from
the technical and economic point of view. For example, extensive equipment could be needed in which all factors
influencing the result and reproducibility of the test are sufficiently controlled. The equipment used in the
laboratory test setup could be, for certain tests (for example snow test chamber, fog producing chamber)
inappropriately expensive. Therefore, in example, an analysis could be used to identify if and which kind of test
equipment is appropriate for the intended sensor performance class and the specified performance (for example
high versus low limits on fog). In one case, investment in laboratory test equipment seems to be reasonable for a
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sensor performance class E but inappropriate for performance class A. Analysis could result in an alternative
approach using field test instead of laboratory test for type testing.

Test setup contains the SRS/SRSS representing device under test and the equipment used to
perform the test. Test methods and test setup on environmental testing shall be done as far
as reasonably practical and applicable in accordance with appropriate standards (e.g.
IEC 60068 (all parts), IEC 61496 (all parts), IEC 60529, IEC 60947-5-2).

Test methods and test setup on EMC for functional safety shall be done if applicable in
accordance with IEC 61000-6-7:2014 as defined for the appropriate SIL unless a relevant
application or product specific standard is applied (e.g. IEC 60947-5-3, IEC 61496-1 or

IEC 62061).

NOTE [ If the test setup for type test is not available in standards such as those of the IEC 60068 [series,
alternajives can be useful. One example is given in [2]. Another example are test setup(s) as defined in product
standaids for safety related sensors like IEC 61496 (all parts).

8.5.4 Test piece

The manufacturer of an SRS/SRSS shall define test pieces if they are used for:

— test of the detection capability;

— test of proper location of safety related zone(s);

— test for appropriate safety related information during the test piece intrusion.

The characteristic of the test piece shall be defined taking into account:

— sensing technology/technologies used in an SRS/SRSS;

— presentation of relevant object properties as defined in 5.8.2 used for the detection;

— test classification(s) using the test piece(e.g. type test, routine test, maintenance [est );

an

— infended application of the SRS/SRS8S.

As far

The manufacturer of an SRS/SRSS shall specify test pieces and the supplier shall doc

their
detec

NOTE
by end

EXAMH

o tesf
and

d

as reasonably practical, test pieces shall be used as defined in appropriate stand4

properties in the information for use if they are used for validation of SRS/
ion capability.

Test piece is ohly.a part of the overall test equipment. It is of special interest because of use in app|
user to perform;a maintenance test or during type test at manufacturer side.

LE Definitions are:

pi€ces’ representing adult persons for AOPD type testing using optical sensing technology in IEC 6

rds.

Iment
SRSS

ication

496-2;

o test

8.5.5

pieces representing children in application standard EN 16580 or in IEC 61032.

Test plan and test results

The manufacturer of an SRS/SRSS shall define and document a test plan covering:

— ite
— ite
— ite

ms on verification and validation by test as listed in 8.5.1;
ms on test classification as listed in 8.5.2;

ms on test methods and test setup as listed in 8.5.3;

— test procedure (including criteria for fail or passing a test);

— nu

— un

mber of devices under test (e.g. components, SRS, SRSS); and
ambiguous identification information of devices under test (e.g. serial number).
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— measures as classified in Table 6.

NOTE On some test methods such as acceptance tests, it could be beneficial to define in example a common test
plan between manufacturer of an SRS and customer (e.g. integrator of an SRS into SCS). This could reduce the
risk that undefined test setup and equipment would lead to different results.

Test results shall be documented in test report(s). Test results shall be marked as "failed" or
"passed".

Other wording can be used but should be unique and easy to identify the result of the test by
a person which is not in charge of the test (e.g. integrator doing review of test results of an
acceptance test).

Test

- re

— V€

9

—

esults shall be used for:

View to show compliance with test plan; and

rification of safety requirement specification.

formation for use

The ipformation for use of the SRS/SRSS shall provide relevant information for instal

use a
and m

NOTE
"Safety

The i
suppli

— fie

hd maintenance. This shall include a comprehensive/.description of the equi
ounting.

Information for use is documented within the customer dectimentation. If the information for use
Manual", it can be confused with specific requirements within/IEC 61508 (all parts).

hformation shall be appropriate for the user(s) of an SRS/SRSS as defined K
er and shall take the following into account:

Id of application;

application at end user side);

— infegration of two or more SRS.into an SRSS;

— infegration of one or more~SRS/SRSS into an SCS.

ation,
bment

s titled

y the

its of use (especially need for<validation if SRS/SRSS is applicable to specific

The r¢quired information for'use (where relevant) includes, but is not limited to, that giyen in
Table|8.
NOTE 2 Roles defined ‘as being part of a supply chain considered as addressed group of information for yise are
shown |n Annex B.
Table 8 — Overview of information for use to be provided
Clause/ Overview of information for use to be provided (see reference for full text)
subclause
4.3 The SRS/SRSS performance class and the level of safety performance (PL, SIL or SIL ) and
the referenced standard
5.2 The SRSS function in accordance with general description of Table 2.
5.5 Information on the sensing zone(s) if applicable.
5.6 Information on safety related zone(s).
5.7 Information on automation related zones if applicable.
5.8.2.1 Limits of the physical properties (e.g. properties used for person detection like length, area,
volume, reflectivity, velocity and/or properties used for hazardous object detection) within which
5.8.22 the SRS/SRSS function is performed.
5.8.2.3
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Clause/ Overview of information for use to be provided (see reference for full text)
subclause

5.8.3.1 The environmental influences relevant for the dependability (failure to danger and normal

5833 operation) of the detection capability of the SRSS.

5.8.3.4

5.8.3.3 Relevant information on the results of analysis of the influence of relevant environmental
conditions on the loss of detection capability and consequences if the limits are not achieved in
the application.

5.8.3.3 Information if one of the additional approaches of Annex G are used.

5.9.2 Information on mounting of a sensing unit/SRS/SRSS.

5.9.3 Safety related information (measurement information, decision information and confidence
information if applicable) provided by the output unit.

5.9.3/1 The signal to initiate the fault reaction function and its fault response time if applicable.

5.9.3.B The response time.

6.1 The Information for integration and installation.

6.2.1 Information for use of each fused SRS.

6.2.2 The limits of use after fusion (detection capability, sensing zone(s); eénvironmental conditigns in
type and limits for no failure to danger and for normal operation, safety related information,

6.2.3 SRSS performance class) of the SRSS.

6.2.4

6.2.5

6.2.6

6.2.7

6.2.8 The response time after fusion into an SRSSy

6.3.1 If applicable, calibration procedure in thejapplication to achieve the stated detection capapility.

6.3.2

6.3.3 Information of verification and;validation of calibration at user side.

7 Information for operation, praintenance and modification.

8.5.1 Description of test and\test set up for verification respective validation to be performed at yiser
side use.
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Annex A
(informative)

Examination of systematic capabilities

The examination of systematic capabilities is required by functional safety standards for
safety related control systems used for the protection of persons. Different approaches by
using safety related sensor standards are possible (see Figure A.1 as an example). The list of
used standards should be stated and included in the information for use of a SRS/SRSS.

matic

capabilities

ISO 13849
(all parts)

IEC 61508

IEC 62061
(all parts)

Check if safety related sensor standards contains all necessary provisions
IEC 61496- 1 1SO 13856-1 IEC 60947 -5-3
] ]
IEC 61496-2 ISO 13856-2
IEC 60947 -5-2
IEC 61496-3 1SO 13856-3
IEC 61496-4-2
IEC 61496-4-3

Examination of systematic
capabilities in accordance to safety
related sensor standard(s)

Yes

No

Examination of systematic capabilities in accordance to IEC 62998-1

IEC 62998-1

Are all systematic capability Yes

aspects covered?

Nol

Examination of systematic capabilities in accordance to
standards on functional safety of safety related control systems

ISO 13849 IEC 61508
(all parts) IEC 62061 (all parts)
IEC

Figure A.1 — Example for examination of systematic capabilities using
safety related sensor standards

End

\ 4

It is an additional possibility to examine systematic capability by combination of those aspects
covered by the safety related sensor standard and any not covered by using this document.
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Annex B
(informative)

User groups

User groups of SRS/SRSS and groups addressed by this document

This document addresses different user groups with the content and following to that user
groups using SRS/SRSS as a product. Table B.1 gives an overview.

Table B.1 — Roles and task of addressed user groups

SRS/SRSS SRS SRS/SRSS Machinery End user side
manufacturer Integrator into integrator manufacturer
SRSS into SCS
Contgnt of | Using content as: Using content Not addressed | Not addressed Not addressed
this as:
- manufacturer of
docurpent an SRS, and — integrator of
supplier of an an SRS into an
SRS into an SRSS | SRoSi and
or SCS. -supplier of an
SRSS into an
SCS.
SRS gs Responsible as - User of the - User of the -User of an SRS -User of an SRS
produft Manufacturer and SRS as SRS as as manufacturer safety related
supplier of an SRS | integrator into integrator into and supplier of function
. SRSS SCS machinery .
- performing - performing
routine test and/or -to be -tode -to be instructed maintenance tgsts
type test instructed by instructed by by information for . )
information for «\| information for | use of SRS -performing fieyd
use of SRS use of SRS tests
-to be instructed by
information for|use
of SRS
SRSY as Responsible as Réesponsible as | Responsible User of an SRSS User of an SR$S
produft Manufacturer and integrator and as integrator as manufacturer safety related
supplier of an supplier of an of an SRSS and supplier of function
SRSS SRSS into SCS machinery )
-performing
- for example -for example -for example - to be instructed maintenance tgsts
performing\routine performing performing by information for . )
test and/or type system test of | system test of | use of SRSS -performing fie|d
test an SRSS as SCS as tests
routine test routine test -to be instructdd by
and/or type and/or type information for|use
test test of SRSS
NOTH 1> The table shows in first row the addressed group An organization could cover different groupk. For

example, the sensor manufacturer can be an integrator, the machine manufacturer can be an integrator, or the
manufacturer of a programmable logic control can be an integrator.

NOTE 2 The table shows in first column the fields of interests from addressed group point of view.

NOTE 3 The other cells of the table show roles and examples of task an addressed group takes.

B.2

User groups addressed by fusion

The pure definition of fusion (see 3.5.3) lead to the result that each step of integration,
starting from sensing unit up to the complete machine, their interconnection in a plant and

corresponding execution of logic functions, is an act of fusion.


https://iecnorm.com/api/?name=bb644478e555436e44a0ff2d5d3256b5

- 56 — IEC TS 62998-1:2019 © |IEC 2019

This document limits the term "fusion" actual to integration of two or more SRS into an SRSS
addressing a specific user group (see No. 5 of Table B.2). Table B.2 shows different
integration types and corresponding user groups addressed by this document based on

differentiation by used elements, performed functions and further justifications.

Table B.2 — Addressed user groups for different integration types using sensing unit,
SRS/ SRSS as element or SRS as subsystem

No. Integration User group Covered lement/ Performed Justification
type addressed subsystem in function after
by this this document integration
document
1 One or more SRS Sensing unit, SRS function in | Fits into scope of this dogyment
sensing units manufacturer | processing unit, accordance with .
into SRS Table 2 Complexity of the content pf
Input/output unit this document requirés high
deliver safety competence in Use of one
related sensing technology
information
2 One or more Not - - The combination of sensing
Sensing addressed functions provided by senging
unit(s) directly units requires deep knowl¢dge
into SRSS or of.the sensing technology.
combination Processing inside the SRY is
of an sensing seen as necessary before
unit with an further integration into an BRSS
SRS into is considered.
SRSS
3 One or more Not - - Large difference in requirgd
Sensing unit addressed competences between ovdrall
(s) into SCS safety function and sensing unit
delivering safety related
information.
Not considered and not cgvered
in this document.
4 One SRS into Not - - No practical use foreseen,
one SRSS addressed Is still one SRS. Addresseld by
SRS manufacturer group (see
No.1).
5 Two or more SRS Processing unit SRSS function Fit into scope of this document;
SRS into integrator ) in accordance 6.2 applies
SRSS into-SRSS Input/output unit | ith Taple 2 _
deliver safety with execution Complexity of the content pf
related of logic this document SRS fusion|into
niormation functions inside | M ed competonce i use
; ; SRSS (see. >
tgg;cdfggcst:fgfy Figure C.2) of sensor technologies
related
information
SRS as
subsystem
performing SRS
function in
accordance with
Table 2
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No. Integration User group Covered lement/ Performed Justification

type addressed subsystem in function after
by this this document integration
document

6 Two or more SRSS Sensing unit SRSS function Fit into scope of this document

SRS into manufacturer ) ) in accordance .
SRSS Processing unit with Table 2 (;oméjlexny oftthe conterr:t ch]f
) ; ; this document requires hi
Input/output unit with execution competence in uge of diffgrent
deliver safety of logic :
related functions inside sensor technologies
information SRSS (see.
Figure C.2)
Logic functions
based on safety
related
information
SRS as
subsystem
performing SRS
function in
accordance with
Table 2

7 Two or more Not - - No.practical use foreseen|
SRSS into addressed
SRSS

For this integration type, the
necessary SRS shall be
combined directly into fina|
SRSS (addressed by SRS
integrator into SRSS) or the
integration type might be
addressed by full approach as
SRSS manufacturer.

8 One or more Not - - It is assumed that the risk
SRS in addressed would be too high for misging
combination relevant influences at this|type
with one or of combination.
more SRSS
into SRSS

For this integration type, the
necessary SRS shall be
combined directly into fina]
SRSS (addressed by SRS
integrator into SRSS) or the
integration type might be

addressed by full approach as

SRSS manufacturer.
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Annex C
(informative)

Functional decomposition and/or integration
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SRS/SRSS function in accordance with 5.2 content safety related function(s) and optional
automation related function(s). The safety related function(s) is based on physical properties
of person, parts of person and/or hazardous object(s) as shown in Figure C.1

SRS/SRSS
function

i

The s
an S(
an ex
their i

Functions

Objects

Person detection

Safety related

parts of person

Safety related objects

Hazardous object

Hazardous

Automation related

Automation object

Figure C.1 — Interconnection of functions and objects

Automation

IEC

pfety related function(s) of an SRS/SRSS might be used to perform a safety func
S (subfunction as a subsystem in accordance with e.g. IEC 62061). Figure C.2
bmple in accordance with architecture of Figure 4 performing safety related functio
htegration into an SRSS.

Person detection function:

Detect presence‘and position of a person within a safety related zone

SUBFUNCTION l

l SUBFUNCTION

Environment
condition/limit:

temperature™=25 °C to
+40 °C

Detected physical
property of
adult person:
Size 70 mm,
speed 1,6 m/s, radar

cross section 1 m?

Environment
condition/limit:
Outdoor, dust, rain,
temperature —-25 °C to
+40 °C

Detected physical
property of
adult person:
Size 70 mm,
speed 1,6 m/s,
reflectivity 2 %

:
i
1
1| Outdoor, dust, rain,
1
i
1
i
1

ion in
shows
n and

Logic: IF 1 OR 2 = detected THEN Sub function output = OFF
(equates SRS decision information = Low signal)

]

SRSS person detection

Figure C.2 — Example of functions performed in an SRSS

IEC
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D.1

Annex D
(normative)

Generation and application of simulation models

General

Annex D provides information for the generation and application of simulation models used

for:

— de

—  ve
in

D.2

The m

A SR
- th

— a

In cag

sign analysis which contains a simulation in accordance with 5.4; or

rification of limits of use instead or in addition to physical test set up as~des
8.5.

Recommendations for use
anufacturer shall determine the complexity of the SRS/SRSS.

b/SRSS is defined as being of low complexity if:

b behaviour under systematic condition can be completely determined; and

jeenergize to trip principle is used.

e of low complexity, Table D.1 does apply.and in all other cases Table D.2 fo

complexity does apply.

D.3

If the

objeciives (with the goal to detectxand prevent safety-relevant failures) shall be taker

Table

Simulation objectives and measures to achieve them

use of simulations is mandatory according to 5.4, the appropriate measure

D.1 for low complexity and-from Table D.2 for high complexity.

cribed

- high

5 and
from
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Table D.1 — Simulation objectives and measures for SRS/SRSS

of low complexity

Measure/objective for sensor
performance class

D

Use of simulations to ...

... support design and
development

Recommended

Recommended

Highly
recommended

...perform an impact analysis
of influences and failures

Recommended

Highly
recommended

Highly
recommended

...validate the SRS/SRSS

Recommended

Highly

Highly

perfofmance

recommended

recommended

Impadt analysis of

prerequisites, limitations and
approkimations on simulation
resultp

Highly recomm

ended

Highly
recommended

Highly
recommended

Impadt analysis of numerical
precidion and tolerances on
simulation results

Recommended

Recommended

Highly
recommended

Decomnposition and separate
verifidation of simulation sub-
parts

Recommended

Recomménded

Recommended

Use of computer-aided design
tools fhat have an extensive
history of satisfactory use

Recommended

Recommended

Recommended

Develppment of the simulation
mode| according to the
requiements of

IEC 6pR061:2005, 6.11.3.1 and
6.11.3.4

Recommended

Quanf{itative comparison of
refergnce test results with
simul@tion output including
boundary data and sensitivity
analysis

Recommended

Highly
recommended

Qualifative comparison of
refergnce test results with
simul@tion output (trends,
generpl behaviour)

Recommended

Modelling on a companent
level Including boundary data

Recommended

Modelling at a module level
including boundary data of
peripheral gnijts

Recommended

Recommended

Modelling by combination of

Recommended

Recommended

Recommended

verified-medets—of-subparts
and known interaction
behaviour.

Key

- There is no recommendation for or against the use of simulations in design/development and validation
of the SRS/SRSS

Recommended: The use of simulation in design/development and validation is recommended for this
sensor performance class. If the effort to develop a simulation model to analyse the systematic behaviour of the
SRS/SRSS would be inappropriate and tests can alternatively provide sufficient knowledge on the systematic
capabilities, simulations can be omitted.

Highly recommended: The use of simulation in design/development and validation is highly recommended
for this sensor performance class. If simulations are not used, then the rationale behind not using it shall be
detailed.
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Table D.2 — Simulation objectives and measures for SRS/SRSS
of high complexity

Measure/objective for
sensor performance
class

E

Use of simulations
to ...

... support design and
development

Recommended

Highly recommended

Highly recommended

...perform an impact
analysis of influences

Highly
recommended

Highly recommended

Highly recommended

and fgilures

...valipjate the
SRS/$RSS
perfofmance

Highly
recommended

Highly recommended

Highly recomntended

Impadgt analysis of
prerequisites,
limitajions and
approkimations on
simulation results

Highly
recommended

Highly recommended

Highly recommendedg

Impadt analysis of
numefical precision
and tglerances on
simulation results

Recommended

Highly recommended

Highly recommendedg

Decomposition and
separpte verification of
simulation sub-parts

Recommended

Recommended

Recommended

Use of computer-aided
desigp tools that have
an exjensive history of
satisfactory use

Recommended

Recommended

Recommended

Develppment of the
simulation model
accorfling to the
requiements of

IEC 6R061:2005,
6.11.3.1 and 6.11.3.4

Recommended

Recommended

Quanlitative
comparison of
refergnce test results
with simulation output
including boundary
data 4nd sensitivity.
analysis

Recommended

Highly recommended

Highly recommendeq

of ref¢rence test

Qualittive comparison
resultb—with-simulation

output (trends, general
behaviour)

Modelling on a
component level
including boundary
data

Recommended

Recommended

Modelling at a module
level including
boundary data of
peripheral units

Recommended

Modelling by
combination of verified
models of subparts and
known interaction
behaviour.

Recommended

Recommended

Recommended
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Measure/objective for D E F
sensor performance
class

Key

- there is no recommendation for or against the use of simulations in design/development and validation
of the SRS/SRSS

"Recommended": The use of simulation in design/development and validation is recommended for this
sensor performance class. If the effort to develop a simulation model to analyse the systematic behaviour of the
SRS/SRSS would be inappropriate and tests can alternatively provide sufficient knowledge on the systematic
capabilities, simulations can be omitted.

"Highlyrecommended": The use of simulation in design/development and validation is highly recommended
for th|s sensor performance class. If simulations are not used, then the rationale behind not using itsshiall be
detailgd.

D.4 | Verification
Simulptions used for design or validation shall be verified (see Figure-D:1).

The vErification approach shall be able to detect at least the following causes for errofs and
inaccliracies:

— wrong or inaccurate input data;

— wrong or inaccurate simulation model;

— wrpng or inaccurate simulation tools.

Simulation tool
a / [ Test- /
,.-"f Input data | » Simulation model ._,,,-'j Output data ./I Reference ,v"
,f" / Data
/ ; /
’___/"-;- .---\h.\"\.
L—p< Verification “eg—-
~ P -
s

IEC

Figure D.1 — Verification process

Simulations shall be verified by a detailed comparison between the simulation results aTd the
exper i -

The reference situation used as ground truth shall:

— comprise all system parts that are addressed by the simulation model;

— allow for a quantitative comparison if the simulation is used to model quantitative
behaviour;

— represent a situation that has relevance for the safety function (e.g. critical failure case or
limit scenario).

The comparison shall check for agreement with respect to:

— qualitative and quantitative behaviour;

— predicted accuracy;
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— sensitivity of critical parameters.
Additional measures to verify the simulation model can be:

— walk-through review of the simulation model and model input data;
— comparison of input data from different sources;
— specific test and verification of sub-modules;

— check if statistical distributions derived from measurement data can be reproduced by
stochastic simulations (e.g. Monte-Carlo simulations);

— comparison of simulation results with results generated by other simulation models.

Additipnal means to validate simulation tools can be (see IEC 62061:2005, 6.4.1.2 b);

— specific testing;
— ingependent validation of their output for the particular safety related system;
— ddcumentation of tool configuration and related experience.
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(informative)
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Child properties and behaviour

Children are defined in accordance with ISO/IEC Guide 50 as persons aged under 14 years.

Depending on—age

spnecific
L

child development
L )

the bhehaviour

like

moving stra
~J

egies

(e.g. q
taking

The s

If test
Test
Claus

E.2

Table
sizes.

Sizes of parts of body

rawling, walking, running) or exploration strategies (e.g. knowledge on potential
risk to learn) of children are different from adult persons.

zes representing the body or parts of body of a child are described in Clause E.2.

pieces are defined as representations of children or parts of children, see also
piece sizes are not necessarily equal with sizes of parts _ofJa body as listed in
e E.2. Specific application or limits in sensing technology might'be a justification.

5 E.1 to E.4 and Figures E.1 to E.4 show selected. examples of children parts of
They are based on anthropometric data from{Japan and USA. Out of these dat

risks,

8.5.4.

body
A, the

minimum or maximum values for both sexes are :used and the most limiting value listed as

repreg
data f|

NOTE

Further information is available in [3] and [4}

Table E.1- Body height children

entative in the tables. As long as available] it is recommend to use the more
rom Japan. If not available, data from USA might be used.

ecent

5 % value 50 % value 95 % value
Age
mm mm mm
years
USA Japan USA Japan USA Japan
1 686 712 725 779 785 849
2 796 812 841 874 904 918
3 869 890 932 960 994 1029
4 928 960 994 1015 1 065 1098
5 989 1020 1070 1076 1150 1164
& 1-044 4684 1436 4458 1265 4234
7 1104 1134 1198 1206 1271 1274
8 1144 1198 1246 1286 1335 1351
9 1210 1130 1299 1299 1399 1421
10 1249 1289 1347 1376 1453 1519
11 1318 1408 1511
12 1353 1465 1575
13 1400 1522 1643



https://iecnorm.com/api/?name=bb644478e555436e44a0ff2d5d3256b5

IEC TS 62998-1:2019 © |IEC 2019 - 65—

IEC

Figure E.1 — Body height children

Table E.2 — Chest depth children

5 % value 50 % value 95 % value
Age
mm mm mm
years
USA Japan USA Japan USA Japan

1 89 96 110 113 118 128

2 98 105 116 113 126 128

3 103 110 119 121 135 131

4 108 112 123 124 138 137

5 110 112 128 126 147 139

6 116 113 133 131 151 144

7 121 122 137 135 156 148

8 118 129 138 137 164 153

9 126 122 144 145 171 153

10 125 133 146 151 175 172

11 134 157 197

12 141 161 195

13 153 171 221
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AN -

Figure E.2 — Chest depth children

Table E.3 — Head width children

5 % value 50 % value 95 % value
Age
mm mm mm
years
USA Japan USA Japan USA Japan

1 115 125 124 133 131 146
2 124 126 131 136 140 147
3 126 131 133 140 141 152
4 128 132 136 142 144 153
5 129 134 137 144 146 154
6 131 136 138 145 147 156
7 131 136 140 144 149 155
8 133 138 140 148 149 158
9 134 138 142 146 150 157
10 134 135 142 149 151 160
11 136 143 152
12 136 144 154
18 137 145 153

IEC

Figure E.3 — Head width children
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Table E.4 — Head length children

5 % value 50 % value 95 % value
Age
mm mm mm
years
USA Japan USA Japan USA Japan

1 149 146 161 156 168 171
2 160 153 172 162 184 174
3 165 155 175 165 185 178
4 167 158 178 168 189 178
5 169 57 79 68 192 78
6 173 162 182 172 194 183
7 171 161 181 172 193 181
8 170 164 183 172 195 181
9 172 161 185 176 197 185
10 173 164 185 176 196 186
11 174 186 198
12 171 186 197
13 173 189 198

IEC

Figure E.4 — Head length children
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Annex F
(informative)

Environmental influences

General

Annex F provides examples of how the list of environmental influences as described in 5.8.3.2
can be applied.

F.2

An SH
for a

indusfrial site. The vehicle operates between manufacturing buildings and needs to

unshe

(unprotected from precipitation).

An an

— temperature and humidity;

- fo
- pr
- 80
- €O
— du
- fa
K

-V

— electrical and electromagnetic;influences.

Not i
irreley

Relev
IEC 6

Accor

Example 1 for application of environmental influences

S/SRSS based on an optical sensor is used to provide safety related sensor inforn
collision prevention function of an autonomous (electrically driver)yvehicle

Iltered outdoor areas. The SRS/SRSS is located on the outside of the v

alysis has identified the following relevant environmental influences for the SRS/SH

)
pcipitation (rain, hail, snow);
lar radiation;

ndensation and icing;

st and sand;

ina;

ration and shocks;

sted items out of the ‘tist of environmental influence in accordance with 5.8.3
ant in this particularexample and have been omitted.

ant parts of \.the IEC 60721 (all parts) are IEC 60721-3-0 (Introduction
D721-3-5 (Ground vehicle installations).

of bei

and ohly<for a short time. For simplicity, storage conditions are neglected in this examplg.

Hing te-lEC 60721-3-5, the limits provided are extreme cases with a very low prob
g-exceeded. Environmental influences reach the specified limiting values very

hation
bn  an
cross
ehicle

RSS:

2 are

and

ability
rarely

Resulting environmental influences relevant for the detection according to environmental
classification and application specific modifications are listed in the Table F.1.
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Table F.1 — Example 1 of environmental influence and classes according
to IEC 60721-3-5

Environmental Class according Limits Modification Remarks
influence to IEC 60721-3-5 of limits
Temperature 5K3 -40 °C to Low extreme occurs for approx.
+40 °C 10 h per year.
High extreme occurs for
approx. 5 h per year (see
IEC 60721-2-1)
Change rate of 5K3 5 K/min Transition from indoor to
temperature outdoor or vice versa will
possibly give rise to large
change rates
Relatiive humidity 5K3 95 %
Rainfall 5K3 6 mm/min Extreme rain_occurs only for a
few minutes-per year
Snow - Shall be No numertical limits specifjed in
considered IEC 60721 (all parts)
Fog - Shall be No_numerical limits speciffed in
considered IEC 60721 (all parts)
Icing Shall be No numerical limits speciffed in
considered IEC 60721 (all parts)
Solar|radiation 1120 W/m? 700/ [WHmM?] If hood can be used to shield
direct solar radiation
Faung 5B2 Insects shall
be considered;
mould growth
Vibrafion (sinusoidal) 5M2 3,3 mmeat2 Hz Operation in electrically dfiven
amplijude/acceleration to 9 Hz vehicles on flat, smooth
surfaces
10om/s? at
9'Hz to 200 Hz
15 m/s? at
200 Hz to
500 Hz
Vibrafion (broadband) 5M2 1 m2?/s3 at Operation in electrically dfiven
amplijude/acceleration 10 Hz to vehicles on flat, smooth
200 Hz surfaces
0,3 m%/sd at
200 Hz to
500 Hz
ShocH (peak 5M2 100 m/s? Type |
accelgration)
ShocH (peak 5M2 300 m/s? Type |l
acceleration)
Sand 5582 0,1 g/m?
Dust 3,0 mg/(m? - h)

The classification according to IEC 60721-3-5 is as follows: 5K3/5B2/5S2/5M2.

IEC 60721-3-5 does not specify conditions for fog. If fog turns out to be a critical influence for
the SRS/SRSS, additional sources (e.g. weather archives) shall be used to specify limit
values.

Due to the motion of the vehicle, splash water shall be considered.
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It can be expected that, upon entering or leaving an indoor environment, rapid temperature
and humidity changes occur. This might give rise to condensation on the SRS/SRSS. The
effects of condensation on the dependability of detection shall be considered.

F.3

Example 2 for application of environmental influences

A stationary camera based SRS/SRSS is used to monitor a semi-sheltered entrance area of a
factory building. The SRS/SRSS as well as the sensing zone is exposed to outdoor climate
but sheltered from the direct influences of precipitation and sunlight.

-— C

ndensation and icing;

SS:

— indirect solar radiation;
— dust and sand;
— vibration and shocks;
— electrical and electromagnetic influences.
Not listed items out of the list of environmental influence 'in accordance with 5.8.3]2 are
irreleyant and have been omitted.
Relevpnt parts of the IEC 60721 (all parts)»are IEC 60721-3-0 (Introduction) and
IEC 6p721-3-3 (Stationary use at weather-protected locations).
For simplicity, storage conditions are neglected in this example.
Resulting environmental influences relevant for the detection according to classification and
applidgation specific modifications are-listed in the following Table F.2.
Table F.2 — Example 2 of environmental influence and classes according
to IEC 60721-3-3
Envifonmental influence Class according Limits Modification of Remarks
to IEC 60721-3-3 limits
Tempgrature 3K6 -25°C to
+55 °C
Change rateof 3K6 0,5 K/min
tempgrature
Relativerhiumidity 3K6 100 %
Condensation 3K6 possible
Solar radiation 700 W/m?2
Vibration (sinusoidal) 3M1 0,3 mm at 2 Hz
amplitude/acceleration to 9 Hz
1 m/s?at 9 Hz
to 200 Hz
Shock (peak acceleration) 3M1 40 m/s? Type L

The classification according to IEC 60721-3-3 is as follows: 3K6/3M1.
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Annex G
(informative)

Faults, failures and influences resulting in a loss of SRS/SRSS safety
related function

G.1 General

Annex G gives information on the relationship of no failure to danger requirements in
accordance with 58 3.3 and faults and/or failures as defined for SCS and finally for safety

related systems.

Hardware electronic, software and systematic capability faults and failures of an SRS/SRSS
shall be combined as independent portion as shown in Figure G.1.

Accumulated duration of failure to danger in accordance with Table 3 of5.8.3.3 does ngt take
into dccount random hardware electronic faults characterized by the(PFH values (average
frequency of dangerous failure per hour).

NOTE | PFH values are applied to random faults and are only used as referénce to quantify the limit for sysfematic
faults rglated to systematic capability of an SRS/SRSS.
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High demand mode

Low demand mode

Hardware Electronic:
Random faults - frequency|
of dangerous failures of

Hardware Electronic:
Systematic faults -
avoidance and control

Hardware Electronic:
Random faults - frequency
of dangerous failures of

Hardware Electronic:
Systematic faults -
avoidance and control

"safety function” e.g. HFT at high demand "safety function” e.g. HFT at low demand
e.g. PFH e.g. PFDavg
Software: Software:.

Systematic faults -
avoidance and control

Systematic faults -
avoidance and control

Hart of IEC 62998

Safety related par of SRS/SRSS function performed under environmental influences:
Systematic faults resulting in failure to danger = loss of SRS/SRSS

detection capability in direction of unsafe state(5.8.3.3)

Safety related par of SRS/SRSS function~under environmental conditions:
Systematic faults resulting in loss of nérmal operation = loss of SRS/SRSS

availibility in direction of a safe state (5.8.3.4)

Safety related par of SRS/SRSS function :

Systematic faults.resulting in a fault reaction function and errors resulting in an

appropriate confidence information (5.9.3)

-

igure.G.1 — Combination of faults, failures or errors resulting in additional risk
throughloss of safety function or bypassing

This document give special attention to:

systematic faults resulting in failure to danger of detection capability;

systematic faults resulting in loss of normal operation;

appropriate signal to initiate the fault reaction function at the output unit, and

errors resulting in appropriate confidence information at the output unit.

IEC

The approach of complete analysis within this document to cover systematic faults resulting in
a failure to danger or loss of normal operation due to a loss of detection capability is shown in
Figure G.2
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Physical properties of
safety related object(s)
582
E.g. person(s)

Conditions and limits 5.8.3.2
E.g. automated guide vehicles
driving indoor and outdoor for

environmetals selection

Used Sensing
technology
E.g. Radar or Lidar

Relevance Analysis: No

Could Environmental influence degrade
detection capability ?

/

Environmentals not relevant for
dependability of SRS/SRSS
E.g. interfering light at Radar

Yes ¢

Environmentals relevant for dependability of SRS/SRSS
E.g interfering light at Lidar

-

Analysis of Failure to danger in accordance to 5.8.3.3
simulation and/or test
using relevant environmental influences and their limits

Always result
in no failure to
danger

LResult of Analysis

_—

Within limits
of table’3
"high'demand as
referenCe mode"

Yes

Result of Analysis

Use one of folowing

Detafed Justfication* by Analysis why limits of Table*4 are not achieveable with adequate measures inside SRS/SRSS.
aprogches which always require risk analysis-inthe application.
*E.g.|inacceptable reduction of specific normaloperation condition which are inappropriate for the Application and increase risk of bypassing ‘
- ! o N Approach of degradefi |
‘ ‘ Approach of limited use ‘ AN ' Approach of application specific demand rate ’ ‘ ‘ ‘ detection capabilty ‘
Yes k No Determmine type )
__Fufilment of ™ and value of
~~W reduction
) 4 A 4
Result of Analysis Result of Analysis Result of Analysis - Result of Analysis
— V& ] — Prohibit use of an SRS/ SRSSas, [———— |
ific Yimitati ithi ifi i ithi art of an SRECS or safet:
spedific imifations within Spedific requirements within L el SpetificTequirements within

Information of use

related system within an

Information of use
restriction in environmentals
limitation in applications
countermeasures to prevent
environmental influence in
application
Verification during risk
analysis in application — see
Fig. 5 verification/validation at

operator Side/ﬁ—— ,,,;\ g

Information for analysis of
demand rate at integrator
side

Verification during risk
analysis in application — see
Fig. 5 verification/validation
at operator side

application.

Information of use
Type and value of reduction
for specific environmental
foreseeable limitations in
applications
Verification during risk
analysis in application — see
Fig. 5 verification/validation
at operator side

IEC

Figure G.2 — Analysis of systematic capabilities during design and development to
prevent systematic faults resulting in failure to danger
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As shown in Figure G.2, there is an option in accordance with an application specific demand
rate of SRS/SRSS. Predominately, a high demand mode is used as reference for definition of
Table 4 for analysis of failure to danger.

G.2 Failure to danger

Systematic faults in the design (e.g. defined limits in accordance with 5.8.3.2 on relevant
environmental type rain) resulting in a failure to danger due to a loss of detection capability of
the SRS/SRSS safety related function shall be controlled by the requirements of 5.8.3.3.

Table s—a—reduced——pa o caviere abte—4—Fabte —2—shows the
accunulated duration of failure and is oriented on the limit of the frequency of dangerous
failurgs in hardware electronic.

NOTE | Quantitative limit values for control and avoidance of systematic faults resulting in failure to danger are
defined the first time for safety related sensors in this document. It is foreseeable that this could be not achjevable
in somg applications and alternative approaches are needed as defined in Figure G.2.

Table G.1 — Demand rates used for the calculation of Table’G.2 values

Dempnd
rafe 1/24h 1/h 4/h 10/h 60/h

SRS/SRSS | Year/
class year? PFH PL PFH PL PFH PL PFH PL PFH PL

1,1E-04 | 4,8E-06 | b | 1,1E-04 |none | 4,6E-04 ,|none| 1,1E-03 |none| 6,8E-03 |/ none
9,5E-06 | 4,0E-07 | d | 9,5E-06 b 3,8E-05 a 9,5E-05 a 5,7E-04 | none
1,9E-06 | 7,9E-08 | e | 1,9E-06 c 7,6E-06 b 1,9E-05 a 1,1E-04 | none
1,6E-07 | 6,6E-09 | e | 1,6E-07 d I 6,3E-07 d 1,6E-06 c 9,5E-06 b

1,6E-08 | 6,6E-10 | e | 1,6E-08 e 6,3E-08 e 1,6E-07 d 9,5E-07 d

miolo|w|>»

a8 Cofresponds to max. accumulated duration™of failure to danger per year.

Condition in accordance with ISO 13849-1 used as
not rellevant reference for Table G.2

Taple G.2 - Limits-for failure to danger condition (loss of the detection capability)
due to environmental influence for high demand mode

SRS/SRSS performance class Max. accumulated duration of failure
to danger per year

A 1h

B 5 min

C T min

D 5s

E 0,5s

F Response time

Further approaches as shown in Figure G.2 are possible if a justification show that the limits
of Table G.2 are not applicable. Special attention shall be given by the manufacturer and
supplier to inform the user and/or integrator in an appropriate way if these approaches are
used.

Formula (G.1) shall be used if the approach of application specific demand rate shall be
applied.
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