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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF MACHINERY - SAFETY-RELATED SENSORS
USED FOR THE PROTECTION OF PERSONS

Part 3: Sensor technologies and algorithms

FOREWORD

1) Thqg International Electrotechnical Commission (IEC) is a worldwide organization for standardizatien)Conjprising
all pational electrotechnical committees (IEC National Committees). The object of IEC is to promote’interrjational
co-pperation on all questions concerning standardization in the electrical and electronic fields.)To this gnd and
in addition to other activities, IEC publishes International Standards, Technical SpecificationsyTechnical Reports,
Puflicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC.‘\Publication(s)”’)} Their
preparation is entrusted to technical committees; any IEC National Committee interested’in the subject dgalt with
may participate in this preparatory work. International, governmental and non-governmental organizations|iaising
with the IEC also participate in this preparation. IEC collaborates closely with the lnternational Organizaftion for
Stapdardization (ISO) in accordance with conditions determined by agreement‘hetween the two organizajions.

2) Thg formal decisions or agreements of IEC on technical matters express, as§ nearly as possible, an interrjational
consensus of opinion on the relevant subjects since each technical .Gofmmittee has representation ffom all
interested IEC National Committees.

3) IEQ Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are madg& to ensure that the technical content|of IEC
Pullications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misjnterpretation by any end user.

4) In ¢rder to promote international uniformity, IEC National' Committees undertake to apply IEC Publications
trarnisparently to the maximum extent possible in their national and regional publications. Any divergence between
any| IEC Publication and the corresponding nationalorregional publication shall be clearly indicated in th¢ latter.

5) IE(] itself does not provide any attestation of conformity. Independent certification bodies provide corjformity
asspssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
seryices carried out by independent certification bodies.

6) Al

7) No [iability shall attach to IEC or its-directors, employees, servants or agents including individual experts and
meinbers of its technical committeés-and IEC National Committees for any personal injury, property damage or
othér damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fegs) and
expenses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any otHer IEC
Pullications.

isers should ensure that they have the latest edition of this publication.

8) Attgntion is drawn to the_Normative references cited in this publication. Use of the referenced publicafions is
indispensable for the eorrect application of this publication.

9) Attgntion is drawnto‘'the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shallMn6t be held responsible for identifying any or all such patent rights.

IEC TS 62998-3 has been prepared by IEC technical committee TC 44: Safety of machipery —
Electrptechnical aspects. It is a Technical Specification.

The text of this Technical Specification is based on the following documents:

Draft Report on voting

44/981/DTS 44/1002/RVDTS

Full information on the voting for the approval of this Technical Specification can be found in
the report on voting indicated in the above table.

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

This document is intended to be used in conjunction with IEC TS 62998-1.

A list of all parts in the IEC 62998 series, published under the general title Safety of machinery
— safety-related sensors used for the protection of persons, can be found on the IEC website.

Future documents in this series will carry the new general title as cited above. Titles of existing
documents in this series will be updated at the time of the next edition.

The cpmmittee has decided that the contents of this document will remain unchanged urtil the
stability date indicated on the IEC website under webstore.iec.ch in the data related fo the
specific document. At this date, the document will be
e regonfirmed,

e withdrawn,

e replaced by a revised edition, or

e anmhended.

IMPORTANT — The "colour inside" logo on the cover page of this document indiqates
thatfit contains colours which are consideredto’be useful for the correct understanding
of its contents. Users should therefore print;this document using a colour printer
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INTRODUCTION

Applications of automated guided vehicles, service robotics used in public areas or human
machine interaction in industries show an increasing demand and use of new sensor
technologies and new kinds of sensor functions with respect to hazard exposure of persons. A
rapidly increasing number of sensors, with different sensor technologies, are used in these
applications to achieve a high degree of automation up to autonomy. The systematic capabilities
of such sensors are relevant to reduce the risk of personal injury. Other aspects of functional
safety related to sensors as part of control systems are covered by e.g. IEC 61508 (all parts),
IEC 62061 or ISO 13849 (all parts).

Existihg design specific sensor standards set requirements on systematic capabllltleslfor a
selected sensor technology and how these can be assessed by analysis and test. The specific
requirements are derived from products with limited classes of safety performance-and already
well-khown sensor technology.

IEC TS 62998-1 sets general requirements for the development, integration~and maintepance
ty related sensors (SRS) and safety related sensor systems (SRSS) applicable|to all
sensor technologies with special attention to systematic capabilities. IEC TS 62998-1 is
appropriate for the risk reduction in accordance with all classes of safety performance|in an
identified application.

First assessments of SRS/SRSS in accordance with IEC FS.62998-1 identified the negd for
additipnal guidance for the required analysis of sensor technologies and use of algorithnis.

Sensqr technology is defined by the wavelength.range, the measurement method arnd the
arrangement of the sensing unit in an SRS, respegtively arrangement of SRS in an SRSY. This
document gives guidance for sensor technologies without setting requirements for a specific
desigp or limiting the class of safety performance. If applicable to the sensor technplogy,
additipnal information is given for physicalwproperties of the objects to be detected or re|levant
objects that interfere with the detection;of’such objects.

Algorithms are a core element to achieve safety related functions in an SRS/SRSS, sych as
signall processing to extract peaks'in analogue signals, localization or classification of opjects
that afe important to guide an autonomous or highly automated system in a more or less known
surroynding. Platforms such, as cloud services provide e.g. algorithms or measures fof their
automated generation thafican be implemented by different integrators of SRS into an SRSS or
by thie manufacturer\of such sensors. This document gives guidance on the correct
implementation of algerithms to prevent intolerable risk for persons.
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1

This dart of [IEC 62998, which Is a technical specification, gives guidance on:

If an |[SRS/SRSS uses sensor technologies not\stated in this document, then the g
appropch in accordance with IEC TS 62998-1applies.

2

The fgllowing documents are referted to in the text in such a way that some or all of theirc
constitutes requirements of this;document. For dated references, only the edition cited af
For U

IEC 6p079-29 (all parts), Explosive atmospheres - Part 29 - Gas detectors

IEC 6{1508 (all-parts), Functional safety of electrical/electronic/programmable electronic §
relatef systems

IEC TS\62998-1:2019, Safety of machinery - Safety-related sensors used for the protec

SAFETY OF MACHINERY - SAFETY-RELATED SENSORS
USED FOR THE PROTECTION OF PERSONS

Part 3: Sensor technologies and algorithms

Scope

anfalysis of sensor technologies of different wavelength ranges, measurement method

5, and

th¢ sensing unit arrangement in an SRS, respectively the arrangement of SRSs in an $RSS;

representative physical properties of safety-related objects with due consideration o
material characteristics and the sensor technology/technologies usedc¢in-an SRS/SR
achieve the detection capability and comparable results during verification and valida

analysis of the interference of objects present in the surrounding on the safety r
objjects and thereby the influence on the dependability of the detection capability;

use of algorithms during design, development and maintenance to achieve approg
ddtection capability and dependability of detection;

appropriate use of algorithms during the integration<of SRS or SRSS by the integra
improve execution of measurement information or ptoyvide decision information derive
measurement information.

Normative references

f their
SS to
tion;

blated

priate

tor to
i from

Bneric

bntent
plies.

ndated references, the’ latest edition of the referenced document (including any
ameng@iments) applies.

afety-

jon of

persons

EN 50402, Electrical apparatus for the detection and measurement of combustible or toxic
gases or vapours or of oxygen — Requirements on the functional safety of fixed gas detection
systems


https://iecnorm.com/api/?name=c2f33f8929c1fb83b3b1e6dd99f77c14

-8 - IEC TS 62998-3:2023 © |IEC 2023

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

3.1

acoustic impedance
at a specified surface, quotient of sound pressure by volume velocity through the surface

[SOURCE: IEC 60050-801:1994 [3]", 801-25-40]

3.2
algorithm
finite et of well-defined rules for the solution of a problem in a finite ‘mumber of steps

Note 1 [to entry: An algorithm can be implemented by software or hardwaredneans or by a combination of bpth.

[SOURCE: IEC 60050-171:2019 [2], 171-05-07, modified — Note to entry has been adde(]

3.3
bidirgctional reflectance distribution function
functipn describing how a wave is reflected at a surface of an object

Note 1 |to entry: It is employed in the optics of realsworld light, in computer graphics algorithms, and in cdmputer
vision glgorithms.

Note 2Jto entry: It is usually applied in case of*a mixed reflection.

3.4
cloud| service
one of more capabilities offered via cloud computing invoked using a defined interface

[SOURCE: ISO/IEC 20924:2021 [12], 3.1.8]

3.5
concéntration
amount of the'gas or vapour of interest in a specified amount of the background gas or afir

Note 1 [to entry Typlcal units include volume fraction (V/V); molar (moles per mole — m/m) percentage of fhe LFL
Of a pa leulal buUblallbU }Jallb | %A IIIIIIIUII Uy VUIUIIIU (PpPIy, dIIU }Jdllb | % UIIIIUII Uy VUIUIIIU \}J}JU}

3.6
depth from focus/defocus
changing of focal setting parameters to estimate distances in a scene

Note 1 to entry: Usually the distances are related to an observed surface of that scene.

Note 2 to entry: The distances are reconstructed from a set of two or more images related to the changed focal
parameters of the observing sensor (e.g. light field cameras)

T Numbers in square brackets refer to the bibliography.
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3.7
diffuse reflectance value
ratio of the diffusely reflected part of a wave and the incoming wave

Note 1 to entry: An ideal diffuse reflecting surface is said to exhibit Lambertian characteristic, meaning that there
is equal luminance when viewed from all directions lying in the half-space adjacent to the surface.

3.8
diffuse reflection
scattering by reflection in which, on the macroscopic scale, there is no regular reflection

[SOURCE: IEC 60050-845:2020 [4], 845-24-054, modified — Note to entry has been removed]

3.9
direct time-of-flight
when |[a pulse is emitted, time difference between outgoing and incoming signals’measufted as
an eqpivalent of time-of-flight

Note 1 [to entry: For the use in an SRS/SRSS, the wavelength range for near infrared ‘nradiation is defined between
50 ym gnd 1 mm.

3.10
illuminated portion
effectlve echoing area of an object in terms of radar cross séction

3.11
indirgct time-of-flight
when [a continuous amplitude modulated signal is.emitted, phase difference between oujgoing
and icoming signals measured as an equivalent of time-of-flight

3.12
level pwitching
comparison of a detected signal related'to a predefined threshold

3.13
machjne learning model
mathgmatical construct that generates an inference, or prediction, based on input data

EXAMHLE If a univariate-linear function (y = 60 + 61x) has been trained using linear regression, the resulting model
can bely =3 + 7x.

[SOURCE ISQ/EC 22989:2022 [13], 3.2.11, modified —Note to entry has been removed]
3.14

measurement method
gener C aescCription or a 1ogiCdal organizZation or operations used In a measurermernt

Note 1 to entry: Measurement methods may be qualified in various ways such as: substitution measurement
method, differential measurement method, and null measurement method; or direct measurement method and indirect
measurement method. See IEC 60050-300 [6].

[SOURCE: ISO/IEC GUIDE 99:2007 [18], 2.5]

3.15

middle infrared radiation

part of the infrared spectrum of optical radiation in which the wavelengths are longer than those
of near infrared radiation and shorter than those of long infrared radiation

Note 1 to entry: For the use in an SRS/SRSS, the wavelength range for middle infrared radiation is defined between
3 ym and 50 pm.
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mixed reflection

partly

regular and partly diffuse reflection

[SOURCE: IEC 60050-845:2020 [4], 845-24-056]

3.17

near infrared radiation
part of the infrared spectrum of optical radiation in which the wavelengths are longer than those

of visi

Note 1

780 nm

3.18
passi

Senso

Note 1
respon

Note 2
semico|

3.19

pract
use t
under

EXAMH
environ

Note 1

3.20
radar
RCS

ble radiation and shorter than those of middle infrared radiation

to entry: For the use in an SRS/SRSS, the wavelength range for near infrared radiation is defined b
and 3 ym.

ve infrared sensor
r that is used to detect temperature changes

to entry: Unlike other temperature sensors (e.g. thermography cameras), passiv€ infrared sensors
i to a specific temperature level that is constant over time, but only to the change in temperature.

to entry: Passive infrared sensors are based on pyroelectricity,/a, property of some piezo|
hductor crystals.

cal use
nat involves real situations and events, ratherthan just ideas, theories or ger
stood patterns of usage

LE Derivation of real situations, events and scenarios from the application of the SRS/SRSS in the e
ment.

to entry: The practical use can be a subsgf or an expansion of the intended use.

cross section

etween

do not

Eelectric

erally

hd user

equivxlent echoing area which is 4 1T times the ratio of the power per unit solid angle scattered

inas
a spe

Note 1

[SOU

3.21
reflec

ecified direction to the,power per unit area in a plane wave incident on the scattere
Cified direction

to entry: The concept of RCS is also applied in case of ultrasound wave radiation.

RCE: 1IS©.8729-2:2009 [19], 3.3, modified — the Note 1 to entry has been added]

tivity

I from

<of an object> the ability of an object to reflect a wave

EXAMPLE A wave can be of electromagnetic or acoustic type.

3.22

reflection coefficient
ratio of the regular reflected part of a wave and the incident wave

3.23

regular reflection

specu

lar reflection

reflection in accordance with the laws of geometrical optics, without scattering

[SOURCE: IEC 60050-845:2020 [4], 845-24-052]
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3.24

tag

human- or machine-readable mark, or digital identity used to communicate information about
an entity

Note 1 to entry: A tag can contain information that can be read by sensors to aid in identification of the physical

entity.

[SOURCE: ISO/IEC 20924:2018 [12], 3.1.31]

3.25
therm
an im

Note 1

temper

Note 2
emitted

3.26
traini

subseit of input data samples used to train a machine learning model

[SOU

4 S

4.1

An SH
hazar
interfd
capab

In acc
of the
be an

hging method for displaying the surface temperature of objects

to entry: The intensity of the infrared radiation emitted by a point is interpreted as a'measurg
bture.

to entry: In this document, thermography is applied to passive techniques that do not/require active
by the SRS.

hg data

RCE: ISO/IEC 22989:2022 [13], 3.2.22]

ensor technologies

General considerations

RS uses sensor technologies for the\detection of safety related objects (person
Hous objects) and automation related objects. Objects present in the surroundin
re with the safety related object*and thereby affect the dependability of the det
ility.

ordance with 5.3 of IEC(TS'62998-1:2019, the type and combination of physical prop
safety related object with due consideration of the sensor technology/technologies
hlysed.

Durini the analysis of the sensor technology of an SRS the manufacturer shall tak

consi

- W4

eration:

velengthrange;

- m

asurement method; and

of its

energy

s and
g can
bction

erties
shall

(4

into

— S€

3 H WA 4
IIOIIIU UIIIL\O} GIIGIIUUIIIUIIL.

In Table 1, examples of well-known sensor types are listed to support the specification of the

senso

r technology.

NOTE 1 Within an SRS, one or more types of sensors, wavelength or measurement methods can be used.
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https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=741-01-26
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Table 1 — Specific sensor types used as part of SRS

Examples of sensor Wave type Wavelength Frequency range Measurement method
types range
— Ultrasound Sound wave 11 um — 21 mm 16 kHz — 30 MHz Pulse-wave,

(normal Continuous wave,
atmosphere
P ) Frequency modulated
continuous wave (FMCW)
— Ultra-wideband Radio / 22 mm — 125 kHz — Presence detection or
(UwB), Millimetre 2400 m 13,56 GHz localization of a tag, for
) wave details see 4.6.3
— Radio frequency
Identification
(RFID),
- ireless local
afea network,
- ireless personal
afea network,
- 56
— Rpdar Millimetre 2 mm - 33 mm 9 GHz - In-range distance,
wave 148,5 GHz
Doppler,
Angle of arrival,
— Ppssive infrared Middle 3 gm —50 ym 6 THz — 100, THz Level switching,
s¢nsor, infrared .
See normative referenjces
— Thermography in 4.4 for infrared gas
cgamera, detector.
— Infrared gas
detector
— Lidar, Near infrared | 780 nm — 3\gm 100 THz - Direct time-of-flight,
_ 384 THz . ) .
— Sjereoscopic Indirect time-of-flight,
Chmera, . .
Triangulation,
—  T{me-of-flight L
cadmera, Level switching,
— Light field camera, FMCW,
—  Lightgrid Depth from focus / defocus
— Light beam device
— Lidar, Visible 380 nm — 384 THz — Direct time-of-flight,
780 nm 789 THz

ereoscopic
hmera,

|
- OW

me-of-flight
camerd

— Lightield camera,

Indirect time-of-flight,
Triangulation,
Level switching

Depth from focus /
defocus

— Lightgrid,

— Light beam device

NOTE 2 Wavelength depends on media and media properties.

NOTE 3 Wavelength ranges can change due to technological improvements or revised regulatory constraints.

The considered wavelength range, measurement method and sensing unit arrangement shall
be used for the identification of relevant physical properties of objects and their limits:

— to perform the person detection function within the safety-related zone if applicable;
— to perform the hazardous object function within the safety-related zone if applicable;
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— inside the safety-related zone that influences the person detection function or the hazardous
object function if applicable;

— outside the safety-related zone but inside the sensing zone that influences the person
detection function or the hazardous object function if applicable.

The relevant physical properties and their limits shall be used for analysis, test, or both, of the

detection capability and the dependability of the detection capability as stated in 5.8.1 of
IEC TS 62998-1:2019.

The objects, their relevant physical properties and their limits:

pment

on or

— shill not reduce the detection capability and the dependability of the detection capjability
bellow the limits as provided in the information for use.

Depending on the specified wavelength range used in an SRS one~or more of the following
subclauses of Clause 4 shall be considered in addition to the physical properties and theirf limits
givenfin 5.8.2 of IEC TS 62998-1:2019.

NOTE B This includes the identification of relevant physical propertieshand their limits for objects with active
characferistics such as tags in accordance with 4.6.

NOTE p It is reminded that environmental influences (e.g. pollution) that are relevant for the dependability of the
detectipn capability are given in IEC TS 62998-1:2019, 5.8.3.

4.2 |SRS using visible light
421 General

If the BRS is using visible light, at least the following object-related physical properties shall be
considered:

— gelometry and location (see:l[EC TS 62998-1:2019 ,5.8.2.2);

— velocity and acceleration (see IEC TS 62998-1:2019 ,5.8.2.2);
— material characteristics\(see 4.2.2).

The opject-related physical properties shall be used for analysis, test, or both, of the detpction

capabjility and the.dépendability of the detection capability. The physical properties mlay be
used, |independently or in combination, in testing or analysis. (see Annex A).

4.2.2 Material considerations

The atUl ;a: Uf thU oafct_y IU:GtUd UbjUbt ;O IU:UVCIIIt tU bhala\;tcl ;LU thU ;IItUIaUt;UII Uf V;O;b:v |ight
with the object. The interaction in a certain direction is determined by the electromagnetic
properties which themselves depend on wavelength, polarization, field strength and angle of
incidence. To quantify the interaction the reflectivity of the safety-related object shall be used
(see Annex A).

4.2.3 Measurement method considerations

Depending on the measurement method, the following effects shall be considered for the
analysis, test, or both, of the detection capability and the dependability of the detection
capability:

a) direct time-of-flight:

1) multipath effects of objects interfering within the sensing zone.
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b) indirect time-of-flight:

1)
2)

multipath effects of objects interfering within the sensing zone.
non-ambiguity range related to object location within the sensing zone;

c) triangulation:

1)
2)

influence of periodic structure;

effects of low contrast.

d) level switching:

1)

N £ £ N
e) de‘pm mromTocuSTaeToCusS:

1)
2)

NOTE

4.2.4

Depending on the sensing unit arrangement, the following object *and sensing unit r
5 shall be considered for the analysis, test, or both, of the-detection capability apd the

effect
deper

a) co
an
1)
b) se
se
1)
2)

c) multiple and stationary (e.g. more-than one sensing unit separated from each other w

S€
1)
2)
3)
4)

d) co
th

1)

effects increasing or reducing the signal.

effects of low contrast;

limited sensing zone due to small apertures.

Small apertures are relevant for monocular cameras using micro lenses.

Sensing unit arrangement considerations

dability of the detection capability:

-located and stationary (e.g. emitter and receiver in acsensing unit are in close pro

d the sensing unit is in a fixed location, see Figurei4):
obscuration of objects in a line within the safety-related zone.

parated and stationary (e.g. emitter and receiver in a sensing unit are separated a
nsing unit is in a fixed location, see Figurg 2):

obscuration of objects anywhere in the safety-related zone;
directional characteristic of non-ideal diffuse radiators.

nsing units being in a fixed location, see Figure 3):
obscuration of objects anywhere in the safety-related zone;
directional characteristic of non-ideal diffuse radiators;
similarity of object-related physical properties from different perspectives;
interference aof sensing units of identical design.

-located apd:noving (e.g. emitter and receiver in a sensing unit are in close proximi
b sensing-unit is moving, see Figure 4):

obscuration of objects in a line within the safety-related zone;

2023

blated

Ximity

nd the

th the

y and

2)

physical properties of the object can change with the location of the sensing unit;

3)

velocity of the sensing unit.

e) separated and moving (e.g. emitter and receiver in a sensing unit are separated and the

se
1)
2)
3)
4)

nsing unit is moving, see Figure 5):
obscuration of objects anywhere in the safety-related zone;
directional characteristic of non-ideal diffuse radiators;
physical properties of the object can change with the location of the sensing unit;

velocity of the sensing unit.
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f)

g)

h)

Key

SuU

Key

SuU

multiple and moving (e.g. more than one sensing unit separated from each other and the

se
1
2)
3)
4)
5)
6)
CO

nsing units are moving, see Figure 6):
obscuration of objects anywhere in the safety-related zone;
directional characteristic of non-ideal diffuse radiators;
similarity of object related physical properties from different perspectives;

physical properties of the object can change with the locations of the sensing units;

velocity of the sensing units;
interference of sensing units of identical design.

bined stationary and moving (e.g. combination of stationary and moving sensing

S€
1)
2)
3)
4)
5)
6)

muiltiple combined and moving (e.g. combination of sensing‘units separated from each

parated from each other, see Figure 7):
obscuration of objects anywhere in the safety-related zone;
directional characteristic of non-ideal diffuse radiators;

similarity of object related physical properties from different perspectives;

velocity of the sensing units;
interference of sensing units of identical design.

d the sensing units are moving independently to each ather, see Figure 8):
obscuration of objects anywhere in the safety-reldted zone;
directional characteristic of non-ideal diffuse radiators;
similarity of object related physical properties‘from different perspectives;

velocity of the sensing units;
interference of sensing units of identical design.

emitter

receiyver.

physical properties of the object can change with the locations of the’sensing units;

physical properties of the object can change with the locations of the sensing units;

stationary sensing unit

Figure 1 — Co-located and stationary sensing unit arrangement

emitter
receiver

stationary sensing unit

Figure 2 — Separated and stationary sensing unit arrangement

units

other
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SuU1

SuU 2

IEC

stationary sensing unit 1

e : —
tauomary-Sensmyg-atit2Z

Figure 3 — Multiple and stationary sensing unit arrangement

f

emitter
receiver

moving sensing unit

Figure 4 — Co-located and moving'sensing unit arrangement

emitter
receiver

moving sensing,unit

Figure 5 — Separated and moving sensing unit arrangement

moving sensing unit 1

moving sensing unit 2

Figure 6 — Multiple and moving sensing unit arrangement
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lsuz; !suﬂi

IEC

moving sensing unit 1

FAEMHAG—S-R- S -Gt 2

9 3

stationary sensing unit 3

stationary sensing unit 4

Figure 7 — Exemplary combined stationary and moving sensing unit arrangeme

7 i
| | |
o —, |
'su1|  [su2] |suzj  [sutj

IEC

moving sensing unit 1

moving sensing unit 2

SRS using near infrared radiation

General

rties shall be considered:

ometry and locationy(see IEC TS 62998-1:2019, 5.8.2.2);
locity and acceleration (see IEC TS 62998-1:2019, 5.8.2.2);
terial characteristics.

bject-relatéd physical properties shall be used for analysis, test, or both, of the det

indépendently or in combination, in testing or analysis. (see Annex A).

igure 8 — Exemplary multiple combined, and moving sensing unit arrangementt

SRS is using near infrafed radiation, at least the following object-related physical

Bction

ility andthe dependability of the detection capability. The physical properties may be

4.3.2

Material considerations

The material of the safety related object is relevant to characterize the interaction of near
infrared radiation with the object. The interaction is determined by the electromagnetic
properties which themselves depend on wavelength, polarization, field strength and angle of
incidence. To quantify the interaction the reflectivity of the safety-related object shall be used
(see Annex A).

If the physical property temperature is the determining material characteristic of the safety-
related object for the detection in the near infrared wavelength range, then 4.4 shall be applied

instea

d of 4.3.
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Measurement method considerations

Depending on the measurement method, following effects shall be considered for the analysis,
test, or both, of the detection capability and the dependability of the detection capability:

a) direct time-of-flight:

1)

multipath effects of objects interfering within the sensing zone.

b) indirect time-of-flight:

1)
2)

multipath effects of objects interfering within the sensing zone;

non-ambiguity range related to object location within the sensing zone.

c) tri
1)
2)
d) le
1)
e) FN
1)
2)
f) de
1)
2)
NOTE

4.3.4

bngulation:

influence of periodic structure;

effects of low contrast.

el switching:

effects increasing or reducing the signal.
ICW:

effects related to multi target situations;
effects related to the coherent detection.
pth from focus/defocus:

effects of low contrast;

limited sensing zone due to small apertures.

Small apertures are relevant for monocular camerasiusing micro lenses.

Sensing unit arrangement considerations

Depending on the sensing unit arrangemeént, one or more of the following object and se

unit re
and th

a) co
an
1)
b) se
se
1)
2)

lated effects shall be considered for the analysis, test, or both, of the detection cap
e dependability of the detection’capability:

-located and stationary (e.g. emitter and receiver in a sensing unit are in close pro
d the sensing unit is in ‘a-“fixed location, see Figure 1):
obscuration of objects in a line within the safety-related zone.

parated and stationary (e.g. emitter and receiver in a sensing unit are separated a
nsing unit is in a fixed location, see Figure 2):

obscuration of objects anywhere in the safety-related zone;
direetional characteristic of non-ideal diffuse radiators.

c) miultiple“and stationary (e.g. more than one sensing unit separated from each other w

nsing
ability

Ximity

nd the

th the

S nQing units hping in a fixed location see Figurp '%)'

1)
2)
3)
4)

obscuration of objects anywhere in the safety-related zone;
directional characteristic of non-ideal diffuse radiators;
similarity of object related physical properties from different perspectives;

interference of sensing units of identical design.

d) co-located and moving (e.g. emitter and receiver in a sensing unit are in close proximity and
the sensing unit is moving, see Figure 4):

1)
2)
3)

obscuration of objects in a line within the safety-related zone;
physical properties of the object can change with the location of the sensing unit;

velocity of the sensing unit.
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e) separated and moving (e.g. emitter and receiver in a sensing unit are separated and the

se
1)
2)
3)
4)

nsing unit is moving, see Figure 5):
obscuration of objects anywhere in the safety-related zone;
directional characteristic of non-ideal diffuse radiators;
physical properties of the object can change with the location of the sensing unit;

velocity of the sensing unit.

f) multiple and moving (e.g. more than one sensing units separated from each other and the

se

1)

nsing units are moving in their locations, see Figure 6):
obscuration of objects anywhere in the safety-related zone;

2)
3)
4)
5)
6)

g) co
se

1)
2)
3)
4)

6)

h) multiple combined and moving (e.g. combination of sensing units separated from each

4.4

4.41

directional characteristic of non-ideal diffuse radiators;
similarity of object related physical properties from different perspectives;

velocity of the sensing units;
interference of sensing units of identical design.

mbined stationary and moving (e.g. combination of stationary and"moving sensind
parated from each other, see Figure 7):

obscuration of objects anywhere in the safety-related zone;
directional characteristic of non-ideal diffuse radiators;

similarity of object related physical properties fromrdifferent perspectives;

velocity of the sensing units;
interference of sensing units of identicalidesign.

d the sensing units are moving independently to each other, see Figure 8):
obscuration of objects anywheré®in the safety-related zone;
directional characteristic ofinon-ideal diffuse radiators;

similarity of object relatedphysical properties from different perspectives;

velocity of the sensing units;
interference of sensing units of identical design.

SRS using-middle infrared radiation

General

physical properties of the object can change with the locations of the sensing units;

physical properties of the object can change with“the locations of the sensing unifs;

physical properties of the object can change with the locations of the sensing unifs;

units

other

If the

SRS is using middle infrared radiation for the detection of toxic or explosiv

B gas

concentration or vapour, then the IEC 60079-29 series or EN 50402 shall be used in addition
to IEC TS 62998-1, and the following requirements of 4.4.1 and Clause 5 of this document do

not apply.

NOTE

Explosive gases are safety-related objects in accordance with IEC TS 62998-1:2019.

If the SRS is using middle infrared radiation for the detection of objects, at least the following
object-related physical properties shall be considered:

— geometry and location (see IEC TS 62998-1:2019 ,5.8.2.2);
— velocity and acceleration (see IEC TS 62998-1:2019 ,5.8.2.2);
— material characteristics.
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The object-related physical properties shall be used for analysis, test, or both, of the detection
capability and the dependability of the detection capability. The physical properties may be
used, independently or in combination, in testing or analysis. (see Annex C).

4.4.2 Material considerations

The material of the safety-related object is relevant to characterize its emitted radiation energy
in the middle infrared wavelength range. The radiation energy is quantified by temperature (see
Annex C).

4.4.3 Measurement method considerations

Depelluding on the measurement method, the following effects shall be considered*for the
analysgis, test, or both, of the detection capability and the dependability of the-detection
capalbility:
a) leyel switching:

1)| effects increasing or reducing the signal.

4.4.4( Sensing unit arrangement considerations

Depending on the sensing unit arrangement, one or more of the_following object and sgnsing
unit rglated effects shall be considered for the analysis, test, orboth, of the detection cappbility
and the dependability of the detection capability:

a) corlocated and stationary (e.g. emitter and receiver(in*a sensing unit are in close proximity
and the sensing unit is in a fixed location, see Figure 1):
1)| obscuration of objects in a line within the safety-related zone.

b) separated and stationary (e.g. emitter and-teceiver in a sensing unit are separated and the
sensing unit is in a fixed location, see Figure 2):

1)| obscuration of objects anywhere.ia)the safety-related zone.

c) multiple and stationary (e.g. more-than one sensing unit separated from each other with the
sejnsing units being in a fixed.location, see Figure 3):

1)| obscuration of objects anywhere in the safety-related zone;
2)| similarity of object related physical properties from different perspectives.

d) coflocated and moving(e.g. emitter and receiver in a sensing unit are in close proximity and
thé sensing unit is moving, see Figure 4):

1)| obscuration of objects in a line within the safety-related zone;
2)| physicahproperties of the object can change with the location of the sensing unit;
3)| velecity of the sensing unit.

e) separated and moving (e.g. emitter and receiver in a sensing unit are separated arlud the
S Ibillg ullit ib IIIUViIIg, o>CCT Figuuc: 5)
1

) obscuration of objects anywhere in the safety-related zone;
2) physical properties of the object can change with the location of the sensing unit;
3) velocity of the sensing unit.

f) multiple and moving (e.g. more than one sensing units separated from each other and the
sensing units are moving in their locations, see Figure 6):

1) obscuration of objects anywhere in the safety-related zone;

) similarity of object related physical properties from different perspectives;

3) physical properties of the object can change with the locations of the sensing units;
) velocity of the sensing units.
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g) combined stationary and moving (e.g. combination of stationary and moving sensing units

se
1
2)
3)
4)

parated from each other, see Figure 7):
obscuration of objects anywhere in the safety-related zone;
similarity of object related physical properties from different perspectives;
physical properties of the object can change with the locations of the sensing unit

velocity of the sensing units.

S,

h) multiple combined and moving (e.g. combination of sensing units separated from each other

an

1)

d the sensing units are moving independently to each other, see Figure 8):
obscuration of objects anywhere in the safety-related zone;

2)
3)
4)

NOTE
IEC TS|

4.5
4.51

If the
prope

similarity of object related physical properties from different perspectives;

velocity of the sensing units.

Additional information to define a test plan performed as laboratory testlUin” accordanc
62998-1:2019 can be found in IEC 62642-2-2:2010 [10].

SRS using millimetre wave radiation
General

SRS is using radio millimetre wave radiation, at least the following object-related ph
rties shall be considered:

ometry and location (see IEC TS 62998-1:2019;)5+8.2.2);

- Vj:ocity and acceleration (see IEC TS 62998-1:2019, 5.8.2.2);

- m

The o
capab
perfon

4.5.2

The m
waves

prope
incide]

4.5.3

terial characteristics (see examples in IEG TS 62998-1:2019, 5.8.2.1, Note 1).
bject-related physical properties shall\be used for analysis, test, or both, of the det

ility and the dependability of theZdetection capability. Analysis and testing m
med independently or in combination.

Material considerations

with the object. Ihe interaction in a certain direction is determined by the ele
rties which themselves depend on wavelength, polarization, field strength and an
nce. To quantify the interaction the RCS shall be applied (see Annex B).

Measurement method considerations

Depending on the measurement method, the following effects shall be considered f
analy}is, test, or both, of the detection capability and the dependability of the det

physical properties of the object can change with the locations of the sensing units;

e with

ysical

bction
hy be

aterial of the safety related object is relevant to characterize the interaction of millimetre

ctrical
gle of

br the
bction

capabitity:

a) in-range distance:

1)
2)
3)
4)

multipath effects of objects interfering within the sensing zone;
effects of shadowing of targets by adjacent objects / targets with large RCS;
effects of range resolution on the detectability of the object;

non-ambiguity range related to object location within the sensing zone.

b) doppler:

1)
2)

effects of doppler resolution on the detectability of the object;
non-ambiguity velocity related to object location within the sensing zone.
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c) Angle-of-Arrival:

1)
2)
3)
4)

4.5.4

multipath effects of objects interfering within the sensing zone;

effects of shadowing of targets by adjacent objects / targets with large RCS;
effects of angular resolution on the detectability of the object;
non-ambiguity angle related to object location within the sensing zone.

Sensing unit arrangement considerations

Depending on the sensing unit arrangement, one or more of the following object and sensing
unit related effects shall be considered for the analysis, test, or both, of the detection capability

and tt

- S
NOTE

a) co
an

1)
2)
3)

b) multiple and stationary (e.g. more than one sensing unit separated from each other w

se
1)
2)
3)

c) co
th

1)
2)
3)

- stItionary VS moving;

1 (I - ) [y b Joridk
C ucprtiiuavliity UT 1T UTlTUUUIT LapdUuUllity .

gle vs multiple.

Separated arrangements (e.g. multistatic radar) are currently not considered.

-located and stationary (e.g. emitter and receiver in a sensing unitfare in close pro
d the sensing unit is in a fixed location, see Figure 1):

obscuration of objects in a line within the safety-related zone;

velocity of object;

effects of mounting position (height, pan, tilt, roll):

i) illuminated portion of the object;

ii) direction of penetration into the safety-related zone (radial, perpendicular).

nsing units being in a fixed location, see Eigure 3):
obscuration of objects anywhere in the safety-related zone;
interference of sensing units of identical design;
effects of mounting position (height, pan, tilt, roll):
i) illuminated portion of the Object;
ii) direction of penetration into the safety-related zone (radial, perpendicular).

-located and moving (e.g. emitter and receiver in a sensing unit are in close proximi
P sensing unit is meving, see Figure 4):

obscuration of gbjects anywhere in the safety-related zone;
relative velocity of sensing unit and safety related object;
effects(of mounting position (height, pan, tilt, roll):

i) (illuminated portion of the object;

Ximity

th the

y and

ii)v/direction of penetration into the safety-related zone (radial, perpendicular).

d) multiple and moving (e.g. more than one sensing units separated from each other and the

Se
1)
2)
3)

nsing units are moving in their locations, see Figure 6):
relative velocity of sensing unit and safety related object;
interference of sensing units of identical design;
effects of mounting position (height, pan, tilt, roll):
i) illuminated portion of the object;
ii) direction of penetration into the safety-related zone (radial, perpendicular).

NOTE 2 Being able to detect a walking person at 1 m/s (and a static sensing unit) does not necessarily mean being

able to

detect a static person (and a moving sensing unit at 1 m/s).
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4.6 SRS using radio/millimetre wave radiation
4.6.1 General

If the SRS is using radio/millimetre wave radiation as stated in Table 1 and uses a so called tag
as part of the measurement method, at least the following tag-related physical properties shall
be considered:

— geometry and location (see IEC TS 62998-1, 5.8.2.2);

— velocity and acceleration (see IEC TS 62998-1, 5.8.2.2);

— tag considerations

The tllg-related physical properties shall be used for analysis, test, or both, of the detection
capabjility and the dependability of the detection capability. The tag-related physicalprogerties
may ke used, independently or in combination, in testing or analysis. Following |paragraphs
considler each tag-related physical property used independently to the others forthe detgction.

4.6.2 Tag considerations

The fqllowing tag-related considerations shall be used for analysis, test)or both, of the detgction
capabjility and the dependability of the detection capability:
— orlentation dependency due to antenna radiation pattern andpolarization of the radia[ion;

— enlergy supply by battery (active tag) by “Backscatter fadio links” (semi passive, passive

tag)
— reasonably foreseeable misuse of the tag (e.g not«carrying the tag);

— obscuration by surrounding material or parts of pody;

— ddrability especially as wearable device in-¢ase of passive tags;
— inferference by other electronic devices:
— multi-tag-reading (Bulk reading).

4.6.3 Measurement method considerations

There| are different techniques such as presence detection in which a reader/anchor detgcts a
tag while entering into the readers/anchors field of view or localization in which sgeveral
readefs/anchors detect a'tag and determine the distance to the tag by multilateration. These
technijques base on_a )manifold of measurement methods that are covered by existing
technoplogy-specific ‘standards or regulations. The SRS shall comply with appropriate
technology-specificistandards or regulations.

NOTE Exembplary technology specific standards for RFID are ISO/IEC 18000 series [10], for UWB ISO/IEQ 26907
[16] anfl ISOAEC 26908 [17].

NOTE 2 “\Tdg detection can include tag identification as determination of the value of a physical property, spe also
IEC TS 62998-T:2019, 3.6.

Depending on the technique, the following effects shall be considered for the analysis, test, or
both, of the detection capability and the dependability of the detection capability of the SRS:

— dynamic range of the detector;

— multipath propagation;

— polarization;

— antenna directivity pattern;

— co-located tags and objects that interact with the radio/millimetre wave radiation;
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Sensing unit arrangement considerations

Depending on the sensing unit arrangement one or more of the following tag and sensing unit
related effects shall be considered for the analysis, test, or both, of the detection capability and
the dependability of the detection capability:

a) co-located and stationary (e.g. emitter and receiver in a sensing unit are in close proximity

an

1)

d the sensing unit is in a fixed location, see Figure 1):
obscuration of tags in a line within the safety-related zone.

b) separated and stationary (e.g. emitter and receiver in a sensing unit are separated and the

Se

nsing unit is in a fixed location, see Figure 2):

1)
2)

obscuration of tags anywhere in the safety-related zone;
directional characteristic of tag antennas.

c) multiple and stationary (e.g. more than one sensing unit separated from eachrother w

se
1)
2)
3)

d) co
th

A WO N -

nsing units being in a fixed location, see Figure 3):
obscuration of tags anywhere in the safety-related zone;
directional characteristic of tag antennas;
similarity of object related physical properties from different’perspective.

-located and moving (e.g. emitter and receiver in a sensing 'unit are in close proximi
b sensing unit is moving, see Figure 4):

obscuration of tags in a line within the safety-related-zone;
physical properties of the tag can change withinnthe location of the sensing unit;
velocity of the sensing unit.

nsing unit is moving, see Figure 5):

obscuration of tags anywhere in thetsafety-related zone;

directional characteristic of tag antennas;

physical properties of the tag.ean change with the location of the sensing unit;
velocity of the sensing unit:

f) mul
setsing units are moying‘in their locations, see Figure 6):

5)

obscuration of-tags anywhere in the safety-related zone;
directional_¢haracteristic of tag antennas;

veloeity of the sensing units;
interference of sensing units of identical design.

physicalproperties of the object can change with the locations of the sensing unifs;

th the

y and

parated and moving (e.g. emitter and receiver in a sensing unit are separated and the

tiple and moving (e.g."more than one sensing units separated from each other and the

g) co
un

1)
2)
3)
4)
5)

bined stationary and moving (€.g. combination of more stationary and moving s
its separated from each other, see Figure 7):

obscuration of tags anywhere in the safety-related zone;

directional characteristic of tag antennas;

physical properties of the tag can change with the locations of the sensing units;
velocity of the sensing units;

interference of sensing units of identical design.

nsing
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h) multiple combined and moving (e.g. combination of sensing units separated from each other

an
1)
2)
3)
4)
5)

4.7

d the sensing units are moving independently to each other, see Figure 8):
obscuration of tags anywhere in the safety-related zone;
directional characteristic of tag antennas;
physical properties of the tag can change with the locations of the sensing units;
velocity of the sensing units;
interference of sensing units of identical design.

SRS using ultrasound wave radiation

4.71

If the
prope

- ge
— Ve

— material characteristics (see examples in IEC TS 62998-1:2019,,6:8.2.1, Note 1).

The p
the d
indep

4.7.2

The m
waves

mechanical properties which themselves dépend on wavelength, pressure, and an

incide
or the

4.7.3

Depending on the measurement method, the following effects shall be considered f

analyy
capab

a) pulse wave:

1)
2)
3)

General

SRS is using ultrasound wave radiation, at least the following object-related ph
rties shall be considered:

ometry and location (see IEC TS 62998-1:2019, 5.8.2.2);
locity and acceleration (see IEC TS 62998-1:2019, 5.8.2.2);

hysical properties shall be used for analysis, test, or both, of the detection capabili
ependability of the detection capability. The physical properties may be
bndently or in combination, in testing or analysis (see Annex D).

Material considerations

aterial of the safety related object is relevant'to characterize the interaction of ultra
with the object. The strength of the interaction in a certain direction is determined

nce. In order to quantify the interaction the acoustic impedance, the reflection coef
RCS shall be used (see Annex D).

Measurement method considerations

bis, test, or both, of.the detection capability and the dependability of the det
ility:

dynamic range of the detector;
multipath propagation;

multijecho e.g layered material, layered propagation medium, or both (e.g. tempe

differences in air);

ysical

y and
used,

sound
Dby the
hle of
ficient

br the
Bction

rature

4)
b) co
1)
2)
3)

4)
5)
6)

co-located objects that interact with the ultrasound wave.
ntinuous wave:

dynamic range of the detector;

multipath propagation;

multi echo e.g. layered material, layered propagation medium, or both (e.g. tempe
differences in air);

co-located objects that interact with the ultrasound wave;
doppler shift due to relative object velocity;
non-ambiguity.

rature
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c) FMCW:

1)
2)
3)

4)
5)

4.7.4

dynamic range of the detector;
multipath propagation;

multi echo e.g. layered material, layered propagation medium, or both (e.g. tempe
differences in air);

co-located objects that interact with the ultrasound wave;
doppler shift due to relative object velocity.

Sensing unit arrangement considerations

rature

Depending on the sensing unit arrangement one or more of the following object and ¢

unit rg
and th

a) co
an
1)
b) se
se
1)
2)

lated effects shall be considered for the analysis, test, or both, of the detectionfcap
e dependability of the detection capability:

Hlocated and stationary (e.g. emitter and receiver in a sensing unit are in.close pro
d the sensing unit is in a fixed location, see Figure 1):
obscuration of objects in a line within the safety-related zone.

parated and stationary (e.g. emitter and receiver in a sensing/Ainit are separated a
nsing unit is in a fixed location, see Figure 2):

obscuration of objects anywhere in the safety-related zone;

directional characteristic of non-ideal diffuse radiators:

c) muﬂtiple and stationary (e.g. more than one sensing-uhit separated from each other w

S€
1)
2)
3)
4)

d) co
th

1)
2)
3)

e) se
se

1)
2)
3)

sing units being in a fixed location, see Figure 3):

obscuration of objects anywhere in the safety:related zone;

directional characteristic of non-ideal diffuse radiators;

similarity of object related physical properties from different perspectives;
interference of sensing units of identical design.

-located and moving (e.g. emitter and receiver in a sensing unit are in close proximi
b sensing unit is moving, see Figure 4):

obscuration of objects inia’line within the safety-related zone;
physical properties of the object can change with the location of the sensing unit;
velocity of the sensing unit.

nsing unit issmoving, see Figure 5):
obscunation of objects anywhere in the safety-related zone;
directional characteristic of non-ideal diffuse radiators;
physical properties of the object can change with the location of the sensing unit;

nsing
pbility

Ximity

nd the

th the

y and

parated and moving (e.g. emitter and receiver in a sensing unit are separated and the

4)

velocity of the sensing units.

f) multiple and moving (e.g. more than one sensing units separated from each other and the

se

1)

nsing units are moving in their locations, see Figure 6):
obscuration of objects anywhere in the safety-related zone;
directional characteristic of non-ideal diffuse radiators;
similarity of object related physical properties from different perspectives;

physical properties of the object can change with the locations of the sensing units;

velocity of the sensing units;
interference of sensing units of identical design.
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g) combined stationary and moving (e.g. combination of stationary and moving sensing units

separated from each other, see Figure 7):

1)
2)
3)
4)
5)
6)
h) m

Jltiple combined and moving (e.q. combination of sensing units separated from eac

obscuration of objects anywhere in the safety-related zone;

directional characteristic of non-ideal diffuse radiators;

similarity of object related physical properties from different perspectives;

physical properties of the object can change with the locations of the sensing units;
velocity of the sensing units;

interference of sensing units of identical design.

an
1)
2)
3)
4)

5.1

Algorithms shall be considered as part of an SRS\er SRSS (see Figure 9) if they affe

detec

— de

d the sensing units are moving independently to each other, see Figure 8):

Igorithm related considerations

sign and development phase of an SRS (see 5.2);

- mlegration of an SRS into an SRSS. (gee 5.3);
— maintenance phase of an SRS or-SRSS (see 5.4).

obscuration of objects anywhere in the safety-related zone;

directional characteristic of non-ideal diffuse radiators;

similarity of object related physical properties from different perspectives;
physical properties of the object can change with the locations of the’sensing units;
velocity of the sensing units;

interference of sensing units of identical design.

General

ion capability and are implemented during:

other

ct the
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Not in scope of
IEC TS 62998-3,

I
I
|
! see NOTE 1
I
|
! Algorithms
. Algorithms !
Algorithms X
:
! Y
I
v - |
Safety related :
information !
SRS 1 (e.g. !
RADAR) I
|
" L |
Automation Safety related |
_ related information 1
information -
(optional) !
|
. |
Algorithms Processing Input/Output !
Unit i Unit ! SCSs/
(optional) (optional) | Maching
|
I
A |
|
Safety related : o
information Automation ||
> related !
SRS 2 (e.g. information |
LIDAR) (optional) !
Automation :
related |
information !
(optional) X
|
|
SRSS :
|
' IEC
NOTE Algorithms as part of an SCS @re not in scope of this document (see Figure 9) but the information given in
5.3 and 5.4 (integration and installation phase or maintenance phase of an SRS or SRSS) can be of intgrest as
guidelipe for further integration of an” SRS or SRSS into an SCS respective during their maintenance. Algprithms
added and performed in an SCSy.0r'a machine can have an impact on the detection capability or dependability of the
detectipn capability.
NOTE 2 Processing Unitythput / Output Unit or SRSs of an SRSS can be in different locations.
Eigure 9 — Algorithms exemplary applied to an SRS or an SRSS
This dqocument defines two categories of algorithms as follows:
— algefithmsbased-onrequirements-derived-fromthetntendeduse-rotusirg-machiredearning

models (see Figure 10);

learning models (see Figure 11).

algorithms based on training data derived from the intended or practical use using machine

EXAMPLE A thresholding algorithm can be classified depending on how its threshold value is determined and how
the algorithm is implemented. If determined from requirements and implemented not using a machine learning model,
it belongs to the first category. If it is determined based on training data and implemented using a machine learning

model, it belongs to the second category.
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Practical Use

Safety related
information

Algorithm based on requirements

derived from the Intended use

SRS/SRSS

Algorithm

Intended“Use

IEC

Figure 10 — Flowchart-for algorithm based on requirements
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Practical Use

A
Safety related
information

Training data

machine learning models

Algorithms based on training data
derived from the intended use
and/or practical use using

NOTE
learnin

5.2

5.2.1

Algorithms implemented based on requirements derived from the intended use during ¢

and d
— be

SRS/SRSS

A

Algorithm

A
Training data

Intended Use

.

Design and development phase

General

evelopment of an-SRS shall:

st
S

4.3 of AEC TS 62998-1:2019);

IEC

The feedback loop shown in the right part of Figure 11 does not illustrate any statement on con

Figure 11 — Flowchart foralgorithm based on training data

in accordangce with stated level of safety performance for the requirements as st3
ndards for,functional safety of safety related control system (e.g. the IEC 61508 s

inuous

esign

ted in
eries;

— bedanalysed as stated in 5.3 of IEC TS 62998-1:2019 by applying 5.2.1 of this documfent.

Algorithms implemented based on training data derived from the intended or practical use

machi

ne learning models shall:

using

— be analysed as stated in 5.3 of IEC TS 62998-1:2019 by applying 5.2.1 of this document;

an

d

— use training data of sufficient quality assured by applying applicable standards for data

qu

ality (e.g. ISO/IEC 25012 [15]); and

— be in accordance with stated level of safety performance for the requirements as stated in
applicable standards for functional safety of safety related control system (e.g. the
IEC 61508 series; see 4.3 of IEC TS 62998-1:2019), or be in accordance with applicable
standards for systems and software engineering (e.g. ISO/IEC/IEEE 15026 [20], ISO/IEC
25000 [14]).

NOTE 1

IEC TS 62998-3 gives specific guidance on algorithms implemented with respect to the detection capability

and the dependability of the detection capability. The dependability of the detection capability is detailed in 5.8 of
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IEC TS 62998-1:2019 using different attributes to prevent failure to danger conditions. ISO/IEC/IEEE 15026 [20] or
ISO/IEC 25000 [14] are examples of standards that give guidance on appliance of dependability attributes.

Algorithms implemented shall be analysed by the manufacturer of an SRS and classified as
algorithms used:

e to

e to

NOTE 2

Key

achieve the detection of objects by:

using one or more object-related physical properties to provide measurement

information based on the output of the sensing unit (e.g. extraction of peaks

in an

analogue signal provided as decision information at the output unit, see Figure 12);

combining information of one or more sensing units in a processing unit ( e.g. to combine

sianals of 2 sensina units in a multinle stationarvormobile arranacaement _see inex
) ) g 4 ) y

mple

Figure 6,and identify agreement or disagreement resulting in a common measu
information at the output unit, see Figure 13);

improve the dependability of the detection capability by:

using one or more object-related physical properties to provide measur
information based on the output of the sensing unit (e.g. suppressing of signals
analogue signal provided as decision information at the output unit);

combining information of one or more sensing units in a processing unit (e.g. to co
signals of 2 sensing unit in a multiple stationary or mobile arrangement, see in ex
Figure 6);

provide confidence information at the output unit by:
identifying measurement accuracy of measuremefit information;
identifying measurement uncertainty of measurement information;

identifying decision probability of decision information.
An algorithm can belong to more than one classs¢

2 ) 1
20 /

15 /\/

10

5 { !

. 1 \

-10 ‘
—46

—
<

L
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ement

bment

in an

mbine
Bmple

o
o
N
o
N
o
w
o
EAN
o
[6)]
o
[«
o
~
o
o]
o
©
-

C

f normalized frequency (x 1 rad/sample)

p power/frequency (dB(rad/sample))

1 extracted peak in an analogue signal

Figure 12 — Exemplary use of algorithm for peak extraction
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0,8

0,7

0,5

04

K 7/\ VARVES
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/ N
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IEC

Hlom variable

d density

1 denfsity distribution of the information of sensing unit 1

2 denity distribution of the information of sensing unit 2

3 density distribution of the common measurementsinformation using information of sensing unit 1 and
unif 2

5.2.2

Algori

Figure 13 — Exemplary use of algorithm to combine measurement information

Achieve the detection of-objects

thms used to achieve the)detection in an SRS shall not reduce the detection capab

incredse the response time beyond the limits as specified by the manufacturer.

The manufacturer shall verify:

- th

NOTE

b influence’of algorithms on the detection capability if applicable;

Thealgorithms can be developed by the manufacturer or developed by other parties but integrated

manufgcturer.

- th

b influence on the response time;

— the influence of the training data on the detection capability if applicable;

ensing

lity or

by the

The manufacturer shall analyse that test methods and test setup (e.g. synthetic test patterns or
type tests with objects) used for verification of algorithms are appropriate representative for the
intended use.

Type tests or field tests applied for verification of algorithms shall be based on the applied
physical properties of all objects in accordance with 5.8.2.1 of IEC TS 62998-1:2019.

NOTE

2 In accordance with IEC TS 62998-1:2019, type tests are applicable as simulation tests. The

simulation is described in more detail in Annex D of IEC TS 62998-1:2019.

use of
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5.2.3 Improve the dependability of the detection capability

Algorithms used to improve the dependability (e.g. increase of the availability by filtering of
objects beyond the limits of properties as stated by the manufacturer) shall not result:

— in a failure to danger condition as specified in 5.8.3.3 of IEC TS 62998-1:2019;

— in a response time beyond the limits as specified by the manufacturer in accordance with
5.9.3.3 of IEC TS 62998-1:2019.

The manufacturer shall verify:

— the influence of algorithms on the dependability of the detection capability if applicable;

NOTE The algorithms can be developed by the manufacturer or developed by other parties but integrateq by the
manufgcturer.

— the influence of the training data on the dependability of the detection capability.if appljcable;

The manufacturer shall analyse that test methods and test setup (e.g. synthetiOtest patterns or
type tests with objects) used for verification of algorithms are appropriate répresentative for the
intended use.

Type fests or field tests applied for verification of algorithms shall be_performed:

— at|the limits of the physical properties of safety related objects in accordance with §.8.2.1
of IEC TS 62998-1:2019;

— within the limits of physical properties of safety relatéd objects in accordance with §.8.2.1
of IEC TS 62998-1:2019.

NOTE [2 In accordance with IEC TS 62998-1:2019 type tests are applicable as simulation tests. The [use of
simulatjon is described in more detail in Annex D of IEC TS*%62998-1:2019.

5.2.4 Provide confidence information at'the output unit

Algorithms used to provide confidencé’information related to a decision informatipn or
measlirement information at the output-unit of an SRS shall not result in coverage or decision
probapility beyond the limits stated’ in Table 5 of IEC TS 62998-1:2019 or identifled in
accorflance with Formula (1) of |IEC TS 62998-1:2019.

The r¢sults of the verification in accordance with 5.2.2 and 5.2.3 may be used to identify

— accuracy of measutement information as part of the confidence information;
— uncertainty of measurement information as part of the confidence information;

— prpbability of/decision information as part of the confidence information.

5.3 |Integration and installation phase

5.3.1 General

Algorithms implemented based on requirements derived from the intended use in an SRSS
using safety related information provided by two or more SRS shall:

— be in accordance with stated level of safety performance for the software parts in
accordance with standards of functional safety of safety related control system (e.g. the
IEC 61508 series, IEC 62061; see 4.3 of IEC TS 62998-1:2019);

— be analysed as stated in 5.3. of IEC TS 62998-1:2019 by applying 5.3.1 of this document.
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Algorithms implemented based on training data derived from the intended or practical use using
machine learning models shall:

be analysed as stated in 5.3. of IEC TS 62998-1:2019 by applying 5.3.1 of this document;
and

use training data of sufficient quality assured by applying applicable standards for data
quality (e.g. ISO/IEC 25012 [15]); and

be in accordance with stated level of safety performance for the requirements as stated in
applicable standards for functional safety of safety related control system (e.g. the IEC
61508 series; see 4.3 of IEC TS 62998-1:2019) or be in accordance with applicable
standards for systems and software engineering (e.g. ISO/IEC/IEEE 15026 [20], ISO/IEC

25[000 [14]).

Algorithms shall be analysed by the integrator of two or more SRS into an SRSS and\clagsified

as algorithms used:

e to|achieve improved detection of objects by combining information of 22.6¥’more SR in a
prpcessing unit (e.g. to combine signals of 2 SRS in a multiplestationary or mobile
arfangement, see Figure 14, and identify agreement or disagreementr€sulting in a common
measurement information at the output unit, see Figure 15, or cdmbine the sensing gones
of[2 SRS);

e to|improve the dependability of the detection capability by,combining information of 2 or
more SRS in a processing unit (e.g. to combine signals df 2*SRS in a multiple stationjary or
maobile arrangement);

e to|provide improved confidence information at the.Output unit by:

— | identifying measurement accuracy of measurement information based of the
measurement information provided by two<er more SRS;

— | identifying measurement uncertainty.~of measurement information based oph the
measurement information provided by two or more SRS;

— | identifying decision probability of-deécision information based on the decision information
provided by two or more SRS,

NOTE | An algorithm can belong to more'than one class.

2
~—~ - 1
Y Vot N
| | T ‘111\\\
| X 3, T ——_ _ SRSS
| | o = _————=| sRrs1
|| ——— — = SRS 2
| : 4 _—— -
| —— —_ - - - —_— - -
L 48 -
4 7 2 2
IEC
Key

SRS1, SRS 2 and an SRSS in a mobile arrangement
object

distance 1 from SRS 1 to the object

distance 2 from SRS 2 to the object

A w0 N

Figure 14 — Exemplary combination of two SRS in an SRSS
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Key
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5.3.2

Algori
detec
not re
by thg
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NOTE
integra

The i

SRSS

SRS 1

Processing Output
unit unit

Y

Yy

SRS2

th

th
ap
th
th

th

IEC,

surement information of SRS1 representing distance 1 of Figure 14 to the object
surement information of SRS 2 representing distance 2 of Figure 14 to the object

surement information of the SRSS representing commonly agreed distance to the object

igure 15 — Exemplary integration of SRS measurement information in an SRS

Achieve improved detection of objects

ed compared to the ones as stated in the information of use of the SRS) in an SRSY
Huce the detection capability or increase thevresponse time beyond the limits as spsg
integrator of two or more SRS into an SRSS.

tegrator shall verify:

e influence of algorithms on the-detection capability if applicable;

I The algorithms can be developed by the integrator or developed by other parties but integrated
or.

b influence of the ttraining data on the dependability of the detection capab
plicable;

b influence on the response time;
p field of application of the SRS as stated by the manufacturer of the SRS;
e limitssof use of the SRS as stated by the manufacturer of the SRS;

UJ

thms used to achieve an improved detection of objects (e.g. new object properties are

shall
cified

by the

lity if

intended use.

Type tests or field tests applied for verification of algorithms:

sh

all be specified by the integrator;

tegrator shall analyse that test methods and test setup (e.g. synthetic test pattefns or
'|: h obi T ficat, f algoritt . ive for the

type t i

shall be based on the applied physical properties of all objects in accordance with 6.2.3 of
IEC TS 62998-1:2019.

NOTE 2 In accordance with IEC TS 62998-1:2019 type tests are applicable as simulation tests. The
simulation is described in more detail in Annex D of IEC TS 62998-1:2019.

use of
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5.3.3 Improve the dependability of the detection capability

Algorithms used to improve the dependability of the detection capability of an SRSS (e.g.
increase of the availability by filtering of objects based on their properties) shall not result:

— in a failure to danger condition as specified in 6.2.5 of IEC TS 62998-1:2019;

— in aresponse time beyond the limits as specified by the integrator in accordance with 6.2.8
of IEC TS 62998-1:2019.

The Integrator shall verify:

— the influence of algorithms on the dependability of the detection capability if applicable;

NOTE The algorithms can be developed by the manufacturer or developed by other parties but integrateq by the
manufgcturer.

— the influence of the training data on the dependability of the detection; capabjlity if
applicable;

The integrator shall analyse that test methods and test setup (e.g. synthetic test pattefns or
type tests with objects) used for verification of algorithms are appropriaterepresentative for the
intended use.

Type tests or field tests applied for verification of algorithms shallbe performed:

— at|the limits of the physical properties of safety related Qbjects in accordance with 6J2.3 of
IELC TS 62998-1:2019;

— within the limits of physical properties of safety related objects in accordance with 6J2.3 of
IEC TS 62998-1:2019.

NOTE P In accordance with IEC TS 62998-1:2019 type'dests can be performed as simulation tests. The|use of
simulatjon is described in more detail in Annex D of IEC\T'S 62998-1:2019.

5.3.4 Provide confidence information at the output unit

Algorithms used to provide confidence information related to a decision informatipn or
measlirement information at the output unit of an SRSS shall not result in coverage or decision
probapility beyond the limits\stated in Table 5 of IEC TS 62998-1:2019 or identiflfed in
accorflance with Formula (1) ef IEC TS 62998-1:2019.

NOTE | It can be valuable if algorithms are used to provide real time confidence information either as analg¢gue or
digital g$ignal at the output unit.

The r¢sults of the verification in accordance with 5.3.2 and 5.3.3 may be used to identify

— accuracy-ef‘measurement information as part of the confidence information;

— unceftainty of measurement information as part of the confidence information;
~ pr . L . . : ;

5.4 Maintenance phase

Algorithm maintenance is the work that keeps the SRS/SRSS running with the expected
detection capability and dependability of the detection capability. It has to be performed for
changes of the physical properties, the environmental conditions and modification of the
intended use, which can impact the detection capability.

NOTE Small changes of objects and the environment can be hidden and can have a serious impact on the detection
capability.
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The manufacturer of an SRS/SRSS shall define appropriate measures to analyse:

the impact of changes on the detection capability and the dependability of the detection
capability;
— if changes are already covered within the training data if applicable.
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Annex A
(informative)

Physical property reflectivity for visible light or near infrared radiati

A.1 Process in accordance with IEC TS 62998-1

on

For an SRS using visible light or near infrared radiation, the physical property reflectivity can

be relevant to perform the safety-related functions (see Table 2 of IEC TS 62998-1:201
stated in IEC TS 62998-1:2019, 5.8.2.1 a property shall be representative for the safety r
s and relevant for the sensing technology. If reflectivity is identified as property, thg
used for the analysis as stated in Figure G.2 of IEC TS 62998-1:2019. If different proper
an object or objects are identified as relevant then the combinations of properties fmay be
for the analysis.

The r¢flectivity of an object may be quantified by:

— the reflection coefficient in case of specular reflection;
— the diffuse reflectance value in case of diffuse reflection;
— the bidirectional reflectance distribution function in case of@ mixed reflection.

The manufacturer of an SRS should derive the properties related to person or parts of p
(e.g. feflectivity) and their limits from:

a) application standards applicable for the intended. use;
b) prpduct standards applicable for the sensing technology and the intended use;

c) acknowledged state of research and techhology documents under consideration f
applicability to the intended use;

d) data derived from the intended use_(e-g. during field tests);
e) risk assessment in the applicatien-

NOTE [I Typically derived properties.'and their limits are not rated as known in functional safety, e.g.
evaluafion of random failures in eléctronics or the evaluation of the reliability of detection within these lim
example, for the property maximum size of persons, a 95-percentile value is widely used in a) and b).

The manufacturer of an SRS should derive the properties related to hazardous objects, o
presept in the surroundings or automation related objects (e.g. reflectivity) and their limits

a) acknowledgéd-state of research and technology documents under consideration f
applicability )to the intended use;

9). As
elated
nitis
ies of
used

erson

br the

in the
ts. For

bjects
from:

br the

b) djta dérived from the intended use (e.g. during field tests);

c) rigkrassessment in the application.

NOTE 2 Neither application standards nor product standards are known that can be recommended
identification of properties of hazardous objects, objects present in the surroundings or automation related o

for the
bjects.

NOTE 3 An example for a relevant hazardous object can be a bicycle if the intended use of an SRS is in a public

area. The property reflection for tire and frame of the bicycle are more specifically described in “Bicyclist targe
specifications Version 1.0” [21].

The SRS manufacturer should consider that the derived properties and their limit
applicable for the intended use taking into account the following aspects:

— different environmental influences can be present which interfere to different degree
the physical characteristics and thus influence the dependability of the detection cap
by the SRS;

t ACEA

S are

s with
ability

— inappropriate limits can increase the risk in the application that an object will not be reliably

detected by an SRS;
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— inappropriate limits can increase the risk of a SRS being bypassed in the application and
thus being ineffective;

— Inappropriate limits can prevent an economically appropriate or technically feasible
realization of an SRS for the application.

A.2 Persons or parts of a person

For SRS intended to be used in industrial manufacturing, following deterministic ranges of
diffuse reflectance values can apply for analysis, test, or both, of the detection capability and
the dependability of the detection capability if the material representing persons or parts of

perso

If the
perso

ns has a diffuse reflection characteristic

Table A.1 — Range of diffuse reflectance values of human skin
if detection of skin can be derived from the intendeduse

safety related function of the SRS is based on the detection of human skin(as“parts of
s, then Table A.1 applies.

SRS/SRSS SRS/SRSS SRS/SRSS SRS/SRSS SRS/SRSS SRS/SRSS
performance | performance | performance | performance [“performance | perfornmpance
class class class class class clags
A B C D E F
Rangé¢ for 5% to 45 % 5 % to 45 % 5% to 45 % 5/% te' 45 % 5% to 45 % 5% to 45 %
380 nm to
550 nm
Rangé¢ for 7 % to 65 % 7 % to 65 % 7 % to 65 % 7 % to 65 % 7 % to 65 % 7 % to 45 %
550 npm to
780 nm
Rangé¢ for 20% t045 % | 20 % to 45 % | 20°% to 45 % | 20 % to 45 % | 20 % to 45 % | 20 % to|45 %
780 nm to
1100 hm
Rangé¢ for 5% to 35 % 5 % to 35% 5% to 35 % 5 % to 35 % 5% to 35 % 5% to 35 %
1 100|nm to
1 600|nm
Rangé¢ for 3%to15 % 3 % to 15 % 3%to15 % 3%1to15 % 3%to15 % 3% to 15 %
1 600[nm to
3 000|nm
For hpman skin,sthe same range of diffuse reflectance values is stated for all SRS/SRSS

perforn
value
reflec
[22], [

mance classes at a defined wavelength range. The distribution of the diffuse reflegtance
between/ different populations is considered as low and the range of the ¢
ance€ value is assumed as being appropriately detectable by the SRS using infrare
D3, [24] or visible light [22], [23], [24], [25].

iffuse
4 light

If the safety related function of the SRS is based on the detection of parts of persons covered
with clothes, then Table A.2 applies.
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Table A.2 — Range of diffuse reflectance values of clothes if detection
of parts of persons can be derived from the intended use

SRS/SRSS SRS/SRSS SRS/SRSS SRS/SRSS SRS/SRSS SRS/SRSS
performance | performance | performance | performance | performance | performance
class class class class class class
A B C D E F
Range for 5 % to 90 % 4 % to 90 % 3 % to 90 % 2 % to 90 % 2 % to 90 % 2 % to 90 %
380 nm to
780 nm
Range for 10 % t0 90 % | 7 % to 90 % 4 % to 90 % 2 % to 90 % 2 % to 90 % 2% to 90 %
780 nm_to
1 100|nm
NOTE [ Detection of parts of persons is related to investigations of clothes that can be worn‘on‘lower Ifmbs or

upper |

At wa
of the
class
correl
narro
5 % fq

betwelen performance class D and A were estimated as representative.

At wa
diffus
is use|
The v
the p4
and G

mbs or the torso.

velength range from 380 nm to 780 nm and for clothes following the,acknowledged state
art, as identified in [26], [27], resulting in a minimum value of 2 % uUsed for performance
D. The data shown as colour distribution in [27] was trapsferred into a distributed
hted range of diffuse reflectance values. The data shows a-mean value at 16,7 % [and a
v distribution. The qualitative analysis of the correlated range results in a lower limit of
r performance class A. For performance classes B and. C\the corresponding mean values

velength range above 780 nm up to 1 100 nm and+for clothes, the minimum value ¢f 2 %
p reflectance of performance class D of an AOPDDR in accordance with IEC 61496-3 [9]
d. AOPDDR are often used in high-risk applications detecting the lower limbs of pefsons.
alue of 2 % is limiting for the design of an/AOPDDR. To scale the design limitations with
rformance classes another document was identified. For lower performance classeg A, B
, an |IEEE document [26] is used. The document shows diffuse reflectance value$ from

4 % u
[26] i

to 75 % for 800 nm up to 1 100'am in Table 1 [26]. The standard deviation in Table 2
about 16 % and the median~58 %. The distribution of diffuse reflectance valugs for

clothes is broad. Based on an approximation of the mean equal to the median, minimum ¢
reflecfance value of about 10 %(is identified by applying a 3 Sigma criterion to the dat
very lpw risk applications of petformance class A in an industrial environment the 10 %
is appropriate for the diffuse reflectance. For medium risk applications using perforn
class C the stated 4 % values is used. For low-risk applications of performance class
average of performance_class C and A is used. For performance classes E and F, the val
perfofmance class D\is used that is already very design limiting and at the limit of achig
state pf the art forsan SRS. For the maximum value 90 % as stated for AOPDDR perforn
class D is used-for all performance classes because it is not seen as limiting for the des
the m{nimum\value.

NOTE 2~ As’per definition, the median does not necessarily consider all data as it is robust to outliers.

iffuse
. For
value
hance
B, the
es of
vable
hance
gn as

If the safety related function of the SRS is based on the detection of the whole body of persons

mainly covered with clothes, then Table A.3 applies.
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Table A.3 — Diffuse reflectance values if detection of the whole body of persons can be
derived from the intended use

SRS/SRSS SRS/SRSS SRS/SRSS SRS/SRSS SRS/SRSS SRS/SRSS
performance | performance | performance | performance | performance | performance
class class class class class class
A B C D E F
Range for 5 % to 90 % 4 % to 90 % 4 % to 90 % 3 % to 90 % 3 % to 90 % 3 % to 90 %
380 nm to
780 nm
Range for 10 % t0 90 % | 9 % to 90 % 7 % to 90 % 6 % to 90 % 6 % to 90 % 6 % to 90 %
780 nm_to
1100 hm
At wavelength range above 780 nm up to 1 100 nm, the minimum value of 67% or legs for

perforn
B 56.4
guide
used
reflec
parts

mance class D is considered for person detection as stated.(in ANSI/I
p:2019-00. ANSI/ITSDF B 56.5:2019-00 is a safety standard for driverless, auto
 industrial vehicles and automated functions of manned industrial-vehicles. For sg
for person detection, tests are required that detect objects with at least 6 % d

bf body with skin and typically two different types of clothings; The area of skin surf

estimated at 5 % of a whole-body surface and the clothes with.approximately 47,5 % usin

as di
perfor
value
perfor
result
in 10

NOTE
areas.

At wa

mance class C the one portion of the clothes is congidered with 4 % as diffuse refleg
mance class B, then 7 % is used for one portion/of clothes and the other is left with

ng in 9 %. For performance class A, 10 % for\both portions of clothes are used res
6.

The data distribution of clothing is derived from investigations [26], [27] of clothes typically worn if

as idgntified in [26] and [27], results™in a minimum value of 2 % used for performance cl

The d
of diff
distrib
Table

The d
of ap
detec
unit a

hta shown as colour distribGfion in [27] was transferred into a distributed correlated
use reflectance values( The data indicate a mean value at 16,7% and a relatively

A.1 and Table A.2walues results in the values stated in Table A.3.

btection of body of persons using Table A.3 can be achieved e.g. by identification of
erson or thevintegrated signal over the body. An analysis should identify if whole
ion can®g'claimed. The analysis should take into consideration, for example, the se
rangement and used algorithms.

If saf

fuse reflectance value and 47,5 % using 10 % as. diffuse reflectance valug.

5 and the other is left with 10 % as diffuse réflectance value resulting in 7 %.

TSDF
mated
nsors
iffuse

ance value. The 6 % value can be qualitatively comprehended with the combination of

ace is
g2 %
For
tance

For
10 %
ulting

public

yelength range from 380 nm to 480 nm and for clothes the acknowledged state of tIe art,

ss D.
range
small

ution. Following the same procedure as described for infrared light, the combinatfion of

parts
body
nsing

tynrelated objects with different properties than those stated in Table A.1 to Table

.3 are

identified as relevant during a risk analysis in the intended use, then their reflectivity should be
used instead or in addition (e.g. retroreflective material on clothes or specific working clothes
with low reflectivity).
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Annex B
(informative)

Physical property reflectivity for millimetre wave radiation

2023

For an SRS using millimetre wave radiation, the physical property reflectivity can be relevant to
perform the safety-related functions (see Table 2 of IEC TS 62998-1:2019). As stated in
IEC TS 62998-1:2019, 5.8.2.1, a property shall be representative for the safety related objects
and relevant for the sensing technology. If reflectivity is identified as a property, then it is used

for the analysis as stated in Figure G.2 of IEC TS 62998-1:2019. If different properties
objec 4 ; o o .
for thl analysis.

The r¢flectivity of an object may be quantified by its RCS.

The RCS of a safety related object describes the following object’s physical‘properties:

— geometry (shape, size, orientation, etc.);
— sufface material reflectivity.

NOTE The RCS of objects can vary with respect to the wavelength of thedadar radiation.

The manufacturer of an SRS should derive the properties related to person or parts of p
(e.g. feflectivity) and their limits from:

a) application standards applicable for the intended use;
b) prpduct standards applicable for the sensing ¥&chnology and the intended use;

c) acdknowledged state of research and teghnology documents under consideration f
applicability to the intended use;

d) data derived from the intended use (€.g. during field tests);
e) rigk assessment in the application

a) application standards applicable for the intended use;

b) adknowledged state of research and technology documents under consideration f
applicability to the intended use;

of an
used

erson

pr the

in the
ts. For

bjects
from:

br the

c) dataderived from the intended use (e.g. during field tests);

d) risk assessment in the application.

The SRS manufacturer should consider that the derived properties and their limits are

applicable for the intended use taking into account the following aspects:

— different environmental influences can be present which interfere to different degree
the physical characteristics and thus influence the dependability of the detection cap
by the SRS;

s with
ability

— inappropriate limits can increase the risk in the application that an object will not be reliably

detected by an SRS;

— inappropriate limits can increase the risk of an SRS being bypassed in the application and

thus being ineffective;

— Inappropriate limits can prevent an economically appropriate or technically fe
realization of an SRS for the application.

asible
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