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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF MACHINERY -
ELECTRO-SENSITIVE PROTECTIVE EQUIPMENT -

Part 4-2: Particular requirements for equipment

using vision based protective devices (VBPD) —

Additional requirements when using reference
pattern techniques (VBPDPP)

FOREWORD

THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
all national electrotechnical committees (IEC National Committees). The object of IEC is*to promote interng
cg-operation on all questions concerning standardization in the electrical and elecCtronic fields. To this en
infaddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re
Pyblicly Available Specifications (PAS) and Guides (hereafter referred 16 as “IEC Publication(s)”).

rising
tional
d and
ports,
Their

preparation is entrusted to technical committees; any IEC National Committee interested in the subject dea|t with

may participate in this preparatory work. International, governmental and,nen-governmental organizations li
with the IEC also participate in this preparation. IEC collaborates closelyith the International Organizati
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

THe formal decisions or agreements of IEC on technical matters¢express, as nearly as possible, an interng
cgnsensus of opinion on the relevant subjects since each dechnical committee has representation frd
inferested IEC National Committees.

IEIC Publications have the form of recommendations fot\international use and are accepted by IEC N¢g
Committees in that sense. While all reasonable efforts*are made to ensure that the technical content
Pyblications is accurate, IEC cannot be held responsible for the way in which they are used or fg
misinterpretation by any end user.

In] order to promote international uniformity,- JEC National Committees undertake to apply IEC Public
transparently to the maximum extent possibledn their national and regional publications. Any divergence be
arly IEC Publication and the corresponding-hational or regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf
agsessment services and, in somerareas, access to |IEC marks of conformity. IEC is not responsible fq
sgrvices carried out by independent-certification bodies.

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

Bising
bn for
bns.

tional
m all

tional
f IEC
r any

htions
ween
atter.

brmity
r any

N¢ liability shall attach to (EC or its directors, employees, servants or agents including individual experts and

members of its technigal\committees and IEC National Committees for any personal injury, property dama
other damage of anmy ;nmature whatsoever, whether direct or indirect, or for costs (including legal feeg
eXpenses arisingeout’of the publication, use of, or reliance upon, this IEC Publication or any othe
Pyblications.

Attention is¢drawn to the Normative references cited in this publication. Use of the referenced publicati
inflispensable’for the correct application of this publication.

Attentian is drawn to the possibility that some of the elements of this IEC Publication may be the subject of

ge or
) and
r IEC

bns is

atent

rights{ JEC shall not be held responsible for identifying any or all such patent rights.

IEC TS 61496-4-2 has been prepared by IEC technical committee TC 44: Safety of machinery
— Electrotechnical aspects. It is a Technical Specification.

This second edition cancels and replaces the first edition published in 2014. This edition
constitutes a technical revision.

This edition includes the following technical changes with respect to the previous edition:

a) Some requirement clauses and test procedures have been adapted or removed because
they have been consolidated in IEC 61496-1:2020 (e.g. 5.4.6.2 of IEC 61496-1:2020 Light

sources or Clause A.9)
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The text of this document is based on the following documents:

Draft Report on voting

44/933/DTS 44/955A/RVDTS

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

The language used for the development of this document is English.

This|document was drafted in accordance with ISO/IEC Directives, Part 2, and developgd in
accofdance 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 |EQ are
described in greater detail at http://www.iec.ch/standardsdev/publications.

This|document is to be used in conjunction with IEC 61496-1:2020.

This|document supplements or modifies the corresponding clauses ‘in IEC 61496-1:2020 to
specify particular requirements for the design, construction and{testing of electro-sensitive
protgctive equipment (ESPE) for the safeguarding of machinery, employing vision bpsed
protgctive devices (VBPD) using reference pattern techniques (VBPDPP) for the sensing
funciion.

Whefe a particular clause or subclause of IEC 61496-472020 is not mentioned in this document,
that ¢glause or subclause applies as far as is reasonable” Where this document states "addifion",
"modification" or "replacement”, the relevant text of\IEC 61496-1:2020 is adapted accordingly.

Claupes and subclauses which are additional to those of IEC 61496-1:2020 are numbered
sequentially, following on the last availablesnumber in [IEC 61496-1:2020. Terminological erjtries
(in dlause 3) which are additional to those in IEC 61496-1:2020 are numbered starting [from
3.4201. Additional annexes are lettered from AA onwards and additional tables are numbered
with prefix 42

A lis{ of all parts in the IEC 61496 series, published under the general title Safety of machjnery
— Elgctro-sensitive protective’equipment, can be found on the IEC website.

The pommittee has decided that the contents of this document will remain unchanged unt|l the
stability date indicated on the IEC website under webstore.iec.ch in the data related tg the
specjffic document: ‘At this date, the document will be

—

pconfirmed,

e Withdrawn,

| ol lo + <l U
* [epracea vy areviseteatton, ot

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.



https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=089263f752fce913ed6d511489cd75b6

IEC TS 61496-4-2:2022 © |[EC 2022 -5-

INTRODUCTION

An electro-sensitive protective equipment (ESPE) is applied to machinery presenting a risk of
personal injury. It provides protection by causing the machine to revert to a safe condition before
a person can be placed in a hazardous situation.

The working group responsible for drafting this document was concerned that, due to the
complexity of the technology, there are many issues that are highly dependent on analysis and
expertise in specific test and measurement techniques. In order to provide a high level of
confidence, independent review by relevant expertise is recommended. They considered that if

this high—level-of-confidence—couwld-not-be-established-these-devices—wouwldnot-be-suitable for

J
use in safety related applications.
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Replacement:

This|document specifies requirements for the design, construction and testing of non-co
electro-sensitive protective equipment (ESPE) designed specifically to-detect persons as

of a

pattdrn techniques (VBPDPP) for the sensing function. Special attention is directed to fea
which ensure that an appropriate safety-related performance is achieved. An ESPE can ing

opti
IEC

NOTH "Non-contact" means that physical contact is not required\for sensing.

Where this document does not contain all necessaty provisions, then IEC TS 62998-1 apq

It is
IEC

This|document does not specify the-dimensions or configurations of the detection zone ar
dispgsition in relation to hazardous-parts for any particular application, nor what constitu

haz
inte

A VBPDPP is defined-{as consisting of a single image-sensing device viewing on a pa
reference pattern as-the background and where the detection principle is based on blocki
partiglly preventing'the view of the pattern. Information about the thickness, shape, su

cha
dev
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SAFETY OF MACHINERY -
ELECTRO-SENSITIVE PROTECTIVE EQUIPMENT -

Part 4-2: Particular requirements for equipment

using vision based protective devices (VBPD) —

Additional requirements when using reference
pattern techniques (VBPDPP)

$cope

bafety-related system, employing vision-based protective devices.(VBPDs) using refer

dnal safety-related functions, the requirements for which are given in Annex
51496-1:2020 and this document.

also possible, for those aspects not considered in this document, to use provisions
'S 62998-1 additionally.

rdous state of any machine. It is restricted to the functioning of the ESPE and h
rfaces with the machine;

racteristics or;location of the object is not required for detection. For multi-image ser
i¢es, additional techniques, requirements and test procedures can be necessary.

This (document is limited to automatic vision-based ESPEs that do not require hu

ntact
part
ence
ures
lude
A of

lies.

from

d its
es a
bw it

5Sive
g or
face
sing

man

r||tervention for detection.

Itis limited to automatic vision-based ESPEs that detect objects entering into, or are present

in, a detection zone(s).

It is limited to ESPEs using active illumination technique.

Excluded from this technical specification are VBPDPPs employing radiation at wavelengths

outside the range 400 nm to 1 500 nm.

This document does not address those aspects required for complex classification or

differentiation of the object detected.

This document is relevant for VBPDPPs having a stated detection capability up to 200 mm.

NOTE The positioning of VBPD in respect of parts of the human body is presented in Annex AA of this document.

This document does not deal with EMC emission requirements.
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2 Normative references
Addition:

IEC 60825-1:2014, Safety of laser products — Part 1: Equipment classification and requirements

IEC 61496-1:2020, Safety of machinery — Electro-sensitive protective equipment — Part 1:
General requirements and tests

IEC 62471:2006, Photobiological safety of lamps and lamp systems

ISO [13855:2010, Safety of machinery — Positioning of safeguards with respect to the apprpach
spegds of parts of the human body

ISO 0471, High-visibility clothing — Test methods and requirements

3 Terms and definitions
This|clause of IEC 61496-1:2020 is applicable except as follows:
Replacement:

3.3
detefction capability
ability to detect the specified test pieces (see 4.2.13) in the specified detection zone

Note | to entry: Detection capability is generally measured by the size of object that can be detected. An indrease
in detpction capability means that a smaller object canrbe’detected.

[SOUYRCE: IEC 61496-1:2020, 3.3, modified — The text has been changed to make it more
relevant to vision based sensors and Note 1 has been added]

Additions:

3.4201
imade
snap| shot representation of the scene in different planes of the VBPDPP in the form of 3 two
dimgnsional matrix

3.4202

imaging sensor
optogelectrohic device which produces electrical signals representing the characteristics ¢f an
imaqe

3.4203

passive reference pattern

static (i.e. fixed location and not changing) regular (periodic) combination of pattern elements
on a background that covers at least the detection zone and the tolerance zone — blocking the
view of part of the pattern causes detection

Note 1 to entry: Regularity of the pattern refers only to the physical pattern and not to the image of the pattern as
seen by the imaging sensor.

3.4204
pattern element
local part of the passive reference pattern

EXAMPLE Black and white checker board — one black square or one white square.
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3.4205
pixel, <of a sensor>

smal

lest light sensitive element of an imaging sensor array

3.4206
pixel, <of an image>

area

of the smallest element that can be distinguished from its neighbouring elements

3.4207
sensing zone

three

ex at

the d

Note

Note
the s4
devic

3.42
tolern
zone

piec¢ may not be detected

3.42
visid
VBP
ESP
dete

Note

3.42
visig
VBP

VBP
pattg

Note

Note

-dimensional volume defined hy the field of view of the im:\gn sensor and with the ap
ptical window of the sensing device

to entry: The volume could be in the shape of a pyramid or cone.
P to entry: A zone of limited detection capability, a detection zone and tolerance zone(s) are contained
nsing zone. The zone of limited detection capability is located between the optical window of the sg
e and the detection zone.
D8

ance zone

outside of and adjacent to the (configured) detection zone within which the specified

D9

n-based protective device
D
E using an imaging sensor, operating in the\visible and near infrared light spectru
Ct an object in a defined field of view

to entry: This note applies to the French language only.

10

n-based protective device using passive reference pattern techniques

DPP

D using a single imaging device and active illumination viewing on a passive refer
rn as background

to entry: The various-parts of a VBPDPP and their relationship to the viewed scene is shown in Figur

P to entry:  This note applies to the French language only.

ithin
nsing

test

m to

ence
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Objective / lens

Imaging sensor

; 7

Data
N pre-processing —

.-

3.42
zon
volu
not g

Note

are provided by the supplier.

4 |
This

4.1
4.1.2

Rep

4.1.2

The
at th

if applicable

Evaluation’lImage

4

Image in
sensor plane

Passive reference

pattern = scene
IEC

Figure 1 — Image planes in VBPDPP

11

with limited detection capability

e between the detection zone and the optical window(s) of the sensing device which
chieve the stated detection capability

to entry: The dimensions and appropriate informatien, for use of the zone with limited detection cap

Functional, design and environmental requirements
clause of IEC 61496-1:2020 is applicable except as follows:

Functional requirements
Sensing function

hcement:

.1 General

Hetection zone shall begin at the border of the zone of limited detection capability and
e pasSive reference pattern (see Figure 2).

does

Bbility

end

NOTH

It is possible that only parts of the passive reference pattern are nised to define the detection zane

Object(s) in the zone of limited detection capability shall not reduce the detection capability
within the detection zone. Any reduction of the detection capability shall be detected and the
VBPDPP shall go to lock-out condition (see 4.2.2.4).


https://iecnorm.com/api/?name=089263f752fce913ed6d511489cd75b6

-10 - IEC TS 61496-4-2:2022 © |[EC 2022

Sensing device

Zone with limited
A detection capability

Optical window

[/ \\

Operating distance

Tolerance zone

Jolerance zone

/ f

Detection zone Background

(passive reference pattern)
IEC

Figure 2 — Side view of VBPDPP using a passive reference pattern

4.1.2.2 Additional functional requirements

The sensing function shall beseffective over the specified detection zone. No adjustment df the
detegtion zone or detection‘capability shall be possible without the use of a security medsure
(e.g.|key, key-word or toel).

The $ensing devicelofifa VBPDPP shall respond by giving (an) appropriate output signal(s) when
a tedt piece is placed anywhere within the detection zone either static or moving.

The suppliershall specify the limits of detection capability. The supplier shall take into acqount
worsft caseyscenario including, for example, signal-to-noise ratio, light intensity in the image on
the slensor plane, contrast in the image on the sensor plane, position of the image on the sensor,

al H T 4| Lat ol 4+l al 4
consraermgarmmrigences—Hsteamtns—aocument:

4.1.2.3 Optical performance

The VBPDPP shall be designed and constructed to

e limit the possibility of malfunction during exposure to extraneous radiation in the range of
400 nm to 1 500 nm;

e limit the effects of environmental influences (temperature, vibration and bumps, dust,
moisture, ambient light, extraneous reflections, changing illumination, shadows, background
reflectivity);

¢ limit the misalignment at which normal operation is possible.
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4.1.3 Types of ESPE

Replacement:

In this document, only a type 3 ESPE is considered. It is the responsibility of the machine
supplier and/or the user to specify which type is required for a particular application.

The type 3 ESPE shall fulfil the fault detection requirements of 4.2.2.4 of this document. In
normal operation, the output circuit of each of at least two output signal switching devices
(OSSDs) shall go to the OFF-state when the sensing device is actuated, or when the power is
removed from the ESPE.

Wheh a single safety-related data interface is used to perform the functions of thec®SSP(s),
then|the data interface and associated safety-related communication interface shall. meeft the
requlrements of 4.2.4.4 of IEC 61496-1:2020. In this case, a single safety-related‘data intefface
can substitute for two OSSDs in a type 3 ESPE.

Addition:

4.1.4q Zone with limited detection capability

A zophe between the optical window and the beginning of the detection zone is referred to|as a
zong with limited detection capability. In order to ensure nos\hazard can arise in a partigular
application due to the presence of this zone between the optical window and the detection Zone,
its dimensions and appropriate information for use shallbe provided by the supplier.

4.2 | Design requirements

4.2.2 Fault detection requirements

4.2.2.2 Particular requirements for a type 1 ESPE
This|subclause of IEC 61496-1:2020 is' not applicable.

4.2.2.3 Particular requirements for a type 2 ESPE
This|subclause of IEC 61496-1:2020 is not applicable.

4.2.2.4 Particularsrequirements for a type 3 ESPE

Addifion:

NOTH Examples of deterioration of the VBPDPP detection capability include:

ricrease’/of the minimum detectable object size;

— Increase in the minimum detectable contrast

4.2.2.5 Particular requirements for a type 4 ESPE

This subclause of IEC 61496-1:2020 is not applicable.

NOTE Type 4 is not considered in this document. Additional definitions, requirements and test procedures would
be necessary.
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4.2.12 Integrity of the ESPE detection capability

Replacement:

42121 General

The design of the VBPDPP shall ensure that the detection capability is not decreased below
the limits specified by the supplier and in this document by any of, but not limited to, the
following:

a) at the minimum contrast between an object and reference pattern on the evaluation images;

OTE Minimum contrast on the evaluation image can be achieved by low or high contrast in the sceng)
b) the position of the object within the detection zone
c) tihe number of objects;
d) the size of objects;
e) auto-adjustment, for example the following:
auto-focus
gain control
orientation
sample rate
shutter time
aperture stops

— — — = = = =

focal length

roperties/limitations of imaging sensor, for example the following:
signal noise (e.g. fixed pattern noise;‘dark noise)

dynamic range

sensitivity

micro lenses

cold and hot pixels
dark current

change of characteristics, e.g. wavelength dependent sensitivity, filter

O 0 N O O B W N = T N O O B W N

)
)
)
)
) gain settings
)
)
)
)

photo response non-uniformity

h)
i)

j) performance and limitations of the optical components;

thé limits of alignment and/or adjustment;

a) 1curacy of object position in images, accuracy and stability of calibration;

eing of components;

k) component tolerances;
[) changing of internal and external references to guarantee the detection capability;
m) environmental conditions specified in 4.3.

If a single fault (as specified in Annex B of IEC 61496-1:2020), which under normal operating
conditions (see 5.1.2.1 of IEC 61496-1:2020) would not result in a loss of VBPDPP detection
capability but, when occurring with a combination of the conditions specified above, would result
in such a loss, that fault, together with that combination of conditions (as determined to be
relevant during the analysis of the design) shall be considered as a single fault and the VBPDPP
shall respond to such a single fault as required in 4.2.2.4.
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The VBPDPP shall not fail to danger if a reflective object (for example, reflective clothes) is

placed at any position in the detection zone.

The relationship of the minimum detectable object size and the size of the elements o
passive reference pattern shall be sufficient to ensure the integrity of the detection capa
(e.g. object size is three or more times the size of the pattern element).

4.2.12.2 Detection zone

The supplier shall specify the size, shape and other relevant parameters of the dete

f the
bility

ction

zone(s). The supplier shall define values in the range up to 200 mm as the minimum detectable

obje¢t size of the VBPDPP. The minimum detectable object size may be distance depen
All ppints on a path projected from any point on the border of the detection zone to the im3g
sensjor of the VBPDPP shall be within the detection zone or the zone with limited dete
capability (see 4.1.6).

4.2.12.3 Response time

Objelcts of the minimum detectable size that are either stationary or maving within the dete
zoneg at any speed up to 1,6 m/s shall be detected by the ESPE within-the specified resp
time] The supplier shall specify the maximum response time. The” supplier shall take
account worst case conditions including, for example, frame rate, evaluation time, mini
diameter of the test piece, maximum speed of the test pieé€,and number of objects i
detegtion zone as well as environmental influences. Where*the supplier states that a VBP
can be used to detect objects moving at speeds greater than 1,6 m/s, the requirements
be met at any speed up to and including the stated maximum speed(s).

4.2.12.4 Tolerance zone(s)

Whefe a tolerance zone is necessary, the supplier shall specify the tolerance zone(s).

Hent.
ging
ction

ction
bnse
into
mum

the
DPP
shall

The |supplier shall take into account worst-case conditions including for example, signal-to-

nois¢ ratio S/N.

NOTH The tolerance zone depends~on optical performance, systematic interferences, pixel size, reso
geomegtry of the pattern elements, ete.

4.2.12.5 Passive reference pattern(s) and object discrimination

The |passive reference’pattern is part of the VBPDPP. The design of the passive refer
pattdrn shall be made in a way that discrimination of the object from the pattern ca
achigved. Thesdetection capability shall not be decreased below the limits specified by
supplier by anyof, but not limited to the following influences:

a) cpnirast'between pattern elements;

ution,

ence
n be
the

b) cobnirast changes within pattern elements:

c) size of pattern elements and number of pattern elements used for object detection;
d) size of pixels and numbers of pixels used for object detection;

e) algorithm/routines used for object discrimination in front of passive reference pattern;
f) automatic adaption of algorithm/routines;

g) size, shape, colour, reflectivity, position and texture of object compared to passive reference

pattern;

h) resulting contrast between object and pattern elements on the imaging sensor.
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4.2.13 Test piece

Replacement:

4.2.13.1 General
The test pieces shall be provided by the supplier for use in the type tests of Clause 5. They

shall be marked with a type reference and identification of the VBPDPP with which they are
intended to be used.

The test pieces shall be opaque.

The [test pieces shall have a diameter equal to the maximum specified detection capapility
(minjmum diameter).

Diffefent test pieces can be required for different phases of the test procedures”

Characteristics of the test piece which shall be considered are:
sjze;
— shape;
C

plour;

|
-

pflectivity;

Q

pntrast with background;
— texture.

When defining the characteristics of the test piece, protection against camouflage (i.e. mimic
the hackground appearance), with the passive reference pattern shall be taken into accpunt.
The Jreflectivity of the test piece shall be\ selected to create a worst-case condition fof the
passlve reference pattern discriminatérs. As a minimum, the following surfaces sha|l be
consjdered:

black surface with a coefficient of diffuse reflection of less than 5 % at the operating
avelength of the VBPDPR;

al
W
— & white surface with_a coefficient of diffuse reflection of 80 % to 90 % at the operating
wavelength of the VBPDPP;

al

r

retroreflective@urface that complies with the requirements for separate performance retro-
pflective mateérial of ISO 20471 or equivalent.

Whefe other’surface characteristics are shown to be critical as result of the analysis of the
design, these characteristics shall be applied to the test piece. Test pieces of diff¢grent
reflectivity may be necessary.

4.2.13.2 Cylindrical test piece

The test piece shall be cylindrical for detection capabilities up to 40 mm. The test piece shall
have a diameter equal to the maximum specified detection capability (minimum diameter) and
a length selected for ease of use.

NOTE Depending on the diameter of the cylindrical test piece, it can represent fingers, hands or wrists.
4.2.13.3 Conical test piece

The test piece shall be a truncated cone in combination with a cylinder if the VBPDPP is
intended to be used for arm detection. The test piece starts with a diameter of 40 mm increasing
up to 55 mm as a cone over a length of 180 mm and continues as a cylinder with a diameter of
55 mm to an overall length of 440 mm.
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The test piece shall be a truncated cone if the VBPDPP is intended to be used for leg detection.
The test piece starts with a diameter of 50 mm increasing up to 117 mm over a length of
1 000 mm.

If the VBPDPP is intended to be used for detection of different parts of a body, the selection of
the most appropriate test pieces shall be dependent on the analysis of the design and intended
application. In some cases, all test pieces can be required.

4.2.13.4 Spherical test piece

If the VBPDPP is intended to be used for whole body detection, then the test piece shall be a
sphere with a maximum diameter of 200 mm attached to a cylinder with a maximum diameter
of 50 mm and a length selected for ease of use.

NOTH A spherical test piece with a diameter of 200 mm is intended to represent the thickness of ‘a body.

Addition:

4.2.14 Wavelength

VBPPPPs shall operate at a wavelength within the range of 400 nm t6 1 500 nm.

4.2.15 Radiation intensity

Whefe the VBPDPP is of the type that emits light ahd™if the emitting element uses [LED
technology, the radiation intensity generated and emitted by the VBPDPP shall meet the
requlrements of exempt group in accordance to IEC \62471.

NOTH Exempt group is equal to risk group zero (IEC 62471).

Whele the VBPDPP is of the type that emits light and if the emitting element uses |aser
techpology, the radiation intensity generated and emitted by the VBPDPP shall at no |time
exceled the maximum power or energylevels for a class 1M device in accordance with 8.2 of
IEC $0825-1:2014. The marking as(lass 1 or class 1M laser shall be carried out as requirgd in
5.2 qf IEC 60825-1:2014.

4.2.16 Mechanical construction

Wheh the detection capability can be decreased below the limit stated by the supplier |Jas a
result of a change of poOsition of its components, the fixing of those components shall nof rely
solely on friction.

NOTH The use of oblong mounting holes without additional means could lead for example to a change of the pgsition
of the|detection*zone under mechanical interference such as bump.

4.3 | “Environmental requirements

Addition:

4.3.6 Ambient light intensity

The VBPDPP shall continue in normal operation within a range of illumination on the passive
reference pattern, from 100 Ix to 1 500 Ix. If the supplier specifies background characteristics
with lower limits those shall be used. The tests shall be performed at those limits. Outside this
range or these limits the VBPDPP shall not fail to danger.

4.3.7 Pollution interference
4.3.7.1 Effects on optical window

Pollution on the optical window shall not lead to a failure to danger.
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Pollution resulting in a complete loss of the stated VBPDPP detection capability shall cause the
OSSDs to go to the OFF-state within the specified response time.

Pollution resulting in a deterioration of the stated VBPDPP detection capability shall cause the
OSSDs to go to the OFF-state within a time period of 5 s following the occurrence of the pollution
interference.

4.3.7.2 Effects in the detection zone

Pollution within the detection zone or the zone with limited detection capability shall not lead to
a failure to danger.

Polldtion resulting in a complete loss of the stated VBPDPP detection capability shallccausge the
OSSPs to go to the OFF-state within the specified response time.

Polldtion resulting in a deterioration of the stated VBPDPP detection capability*shall cause the
OSSPs to go to the OFF-state within a time period of 5 s following the occurrence of the pollution
interference.

4.3.8 Changes of passive reference pattern

Chamnges of the passive reference pattern caused by, for example, fading, ageing, mechahical
effedts or contamination shall not lead to a failure to danget.

4.3.9 Manual interference

The following conditions shall not lead to a failuresto danger:

|
Q

pvering the optical window of the housingzof the VBPDPP or other parts (if applicable

~—

— placing objects within the zone of limited-detection capability;
- oving the passive reference pattern (except if the pattern is required to be permangntly
fixed) in any direction.

If thg manual interference would\result in a failure to danger condition then the VBPDPP ghall
resppnd by giving (an) approptiate output signal(s) within 5 s. The appropriate output signal(s)
shallfremain until the manual-interference is removed.

4.3.10 Optical occlusion (eclipsed by small object)

The VBPDPP detection capability shall be maintained if moving or static objects or parts| of a
machine whichcare smaller than the detection capability are in the detection zone or the zone
with |imited-detection capability, which can block the view of the object which shall be detefted.
If thg detection capability can not be maintained the OSSDs shall go to the OFF-state and [shall

remdin{in;the OFF-state if the object is removed. This shall be verified by analysis and by g test
accol ding to 549

NOTE Software filtering algorithms are sometimes provided to disregard small objects, for example, to increase the
reliability of operation.

4.3.11 Drift or ageing of components

Drift or ageing of components that would reduce the detection capability below the stated value
shall not cause a failure to danger of the ESPE, shall be detected within 5 s and shall lead to a
lock-out condition.

If a reference object is used for monitoring ageing and drift of components, variations in the
properties of the reference object (for example, reflectance) shall not cause a failure to danger
of the ESPE. If a reference object is used to monitor ageing and drift of components, it shall be
considered to be part of the VBPDPP and shall be provided by the supplier of the VBPDPP.
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5

Testing

This clause of IEC 61496-1:2020 is applicable except as follows:

5.1

5.1.

5.1.

General
1 Type tests

1.1 Test samples

Addition:

As a|result of the analysis of the design and optical performance of the VBPDPP the.test
shalllbe established considering the test conditions and parameters outlined in this'docun

The minimum test conditions shall be as specified in this document or by the supplier, which
is more stringent. Unless otherwise stated, the tests shall be done with the-minimum dete
zong positioned as specified in Table 421.

In the following tests, it shall be verified that when the OSSDs go te the OFF-state, they re
in the OFF-state while the test piece is present in the detection zone.

5.2

5.2

Addifion:

5.2

The pensing function and the integrity ofithe detection capability shall be tested as spec
takinlg into account the following:

A1 Sensing function

1.1 General

Functional tests

Tlests shall be performed with the test piece close to the passive reference pattern, clo
’:l:e zone of limited detectionand close to the tolerance zone(s). Tests at other loca
ay be required depending'on analysis of the design and worst-case considerations.

Tlests at other angles*of inclinations may be required depending on analysis of the dd
and worst-case considerations.

Quring the tests; the fixture holding the test piece should not be visible to the senso
uch as practical).

he tests.shall verify that the specified test pieces are detected when the test piece is pl
ntirely inside the stated detection zone(s) as far as the stated detection capability.

plan
ent.

ever
ction

main

fied,

5e to
tions

All tests shall be performed with the test piece axis parallel to the passive reference paftern.

sign
r (as

aced

he tests shall verify that the specified test pieces are continuously detected when thdg

test

piece is moving into or within the detection zone at any speed from 0 m/s to 1,6 m/s. Where
the supplier states that objects can be detected moving at higher speeds, the requirements

shall be met at all speeds up to the stated maximum speeds.

The number, selection and conditions of the individual tests shall be such as to verify the

requirements of 4.2.12.

It shall be verified that the sensing device is continuously actuated and, where appropriate, that
the OSSDs go to the OFF-state as described below, taking into account the operating principle
of the VBPDPP and, in particular, the techniques used to provide tolerance to environmental
interference.

An overview of the minimum tests required for verification of the detection capability is shown
in Table 421.
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Table 421 — Verification of detection capability requirements (see also 4.2.12)

Sub-clause

Test related

Conditions 2

Maximum operating
distance from sensing
device to passive
reference pattern

Minimum operating distance
from sensing device to
passive reference pattern ®

to Test piece Test piece Test piece Test piece on
at minimum | on passive [at minimum passive
detection reference detection reference
distance ¢ pattern ¢ distance ¢ pattern ¢
5.2.1.1 Sensing Applicable test X X X X
function piece (see 4.2.13)
Speed between
0 m/s and 1,6 m/s
5[2.1.3 Endurance d See 5.2.1.3 See 5.2.1.3
Test
504.2 of | Ambient 50 °C or maximum® X
IEC|61496- |temperature
112020 variation 5.4.2 of IEC 61496-
1:2020 applies.
5/4.2 of Ambient 0° or minimum, X
IEC|61496- |temperature non-condensing
112020 variation
5.4.2 of IEC 61496-
1:2020 applies.
54.2 of Humidity 5.4.2 applies. X
IEC|61496-
112020
544.3 of Electrical 4.3.2,5.2.3.1 and X
IEC|61496- | disturbances 5.4.3 of IEC 61496-
112020 1:2020 apply.
5(4.4.1 Vibration 5.4.4.1 applies
5(4.4.2 Shock 5.4.4.2 applies X
4.6 Light See Table 422
interference
4.7 Pollution on See 5.4.7 See 5.4.7 See 5.4.7 See 5.4.7
the surface of
the optical
window
(4.3.7.1)
4.7 Pollutionin See 5.4.7 See 5.4.7 See 5.4.7 See 5.4.7
the deteetion
zone-(4.3.7.2)
4.8 Changes of Homogenous See 5.4.8 See 5.4.8 See 5.4.8 See 5.4.8
passive change for ageing
reference
pattern Local effects for
damage
5.4.9 Manual Based on VBPDPP See 5.4.9 See 5.4.9 See 5.4.9 See 5.4.9
interference specific analysis
5.4.10 Optical See 5.4.10 X (test X
occlusion piece )
position (test piece
5.4.10) position
5.4.10)

Specific tests may be required depending on an analysis of the design.

For ease of use, testing at 0,5m may be performed if the minimum operating distance stated by the supplier is
below this distance. Tests at other and/or additional operating distance(s) may be required based on analysis.

Determining the location of the test piece within the detection zone may require analysis of the system to ensure
that a worst case test is performed (e.g. when the sensor axis is not perpendicular to the passive reference

pattern).
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Effects of ageing of components, undetected faults of components and pollution on the surface of the optical
window of the housing should be addressed within the endurance test, otherwise additional tests may be
necessary.

¢ VBPDPP in test chamber — open test chamber — start test within 1 min.

VBPDPP in test chamber — open test chamber — test without condensation

5.2.1.2 Integrity of the VBPDPP detection capability

It shall be ver|f|ed that the VBPDPP detect|on capablhty |s contlnuously mamtamed or the ESPE
doegmet-faittodange 1 where
apprpnate and/or requwed takmg |nto account 4.2. 12 1 and 4.2. 12 5.

5.2.1.3 Endurance test of the detection capability

It shall be verified that the detection capability is maintained by carrying out:an“eéndurance test
as follows. The results of the analysis and testing according to 5.2.1@2yshall be usgd to
detefmine the conditions and the appropriate test piece (see 4.2.13) to usé€ for this test.

A limited functional test B (B test) in accordance with 5.2.3.3 of{/[EC 61496-1:2020 shdll be
carried out with the ESPE in continuous operation under the gonditions determined. Theq test
piecer shall be placed in a position with minimum contrast @f-the evaluation image between
passjve reference pattern and test piece and left in this position for a time period of 96 h.

Addifion after 5.2.8.4:

5.2.9 Verification of optical performance

A systematic analysis of the electro-optical, subsystem shall be carried out to determine

a) cpnfirmation of any filtering techniques (especially software filtering algorithms) emplqyed,
nd their characteristics;

b) the decision criteria used to determine whether or not the defined test piece(s) is [are)
detected as being inside the-detection zone;

c) the discrimination of objéctin front of passive reference pattern in accordance with 4.2.12.5;

d) the effect of undetected faults, in accordance with 4.2.2.4, on the electro-optical
characteristics;

orst-case response time;

f) the effect aflenvironmental influence.

The fesults-of this analysis shall be used to determine if the requirements of 4.1.2 can be |met.

5.2. velength

The wavelength used in the VBPDPP shall be verified either by inspection of the device data
sheets or by measurement.

5.2.11 Radiation intensity

If the emitting element uses LED technology, the radiation intensity shall be verified by
measurement in accordance with IEC 62471 and inspection of the technical documentation
provided by the supplier.

If the emitting element uses Laser technology, the radiation intensity shall be verified by
measurement in accordance with IEC 60825-1 and inspection of the technical documentation
provided by the supplier. The marking as a class 1 or class 1M laser shall be verified for
correctness.
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Performance testing under fault conditions

5.3.2 Type 1 ESPE

This

subclause of IEC 61496-1:2020 is not applicable.

5.3.3 Type 2 ESPE

This

subclause of IEC 61496-1:2020 is not applicable.

5.3.4 Type 3 ESPE

Addition:

It shall be verified that the drift or ageing of components that influence the detection’capa
will be detected within a time period of 5 s according to 4.3.11 and shall lead’to a loc
condiition.

A combination of one or more of the following is sufficient to verify thecrequirement to con
single faults with operating conditions/influences as required by 4.2:2. 1 of IEC 61496-1:2(
— analysis;

— sjmulation; and

— tests carried out in the presence of a single fault, whererelevant.

5.3.5
This

5.4
5.4.4
5.4.4

Addi

At ttE end of the testssthe VBPDPP shall be inspected for the absence of damage inclu

displ
dete

5.4.4

Addi

Type 4 ESPE
subclause of IEC 61496-1:2020 is not applicable.

Environmental tests
Mechanical influences
.1 Vibration
fion:

cement of optical)components and mounting brackets. It shall be verified by test thg
ction zone has 'nat changed in orientation, size or position.

.2 Shock

fion |

bility
-out

bine
20.

ding
t the

At the end of the tests, the VBPDPP shall be inspected for the absence of damage including
displacement of optical components and mounting brackets. It shall be verified by test that the
detection zone has not changed in orientation, size or position.
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5.4.6 Light interference

5.4.6.1

Replacement:

General

- 21 -

Each test shall be carried out at the operating distance as specified in Table 422, and under
the stated conditions as a minimum requirement. Additional tests shall be carried out under
different combinations of operating distances and environmental conditions when

— the supplier states higher immunity levels, which shall be verified by testing at those levels

- zln analysis shows such tests to be necessary.
In the following test procedures, unless otherwise stated, the light intensity limits are contriuted
by tHe interfering light source. The ambient light values should be added during-light intensity
measgurements.
Table 422 gives an overview of the light interference tests.
Table 422 — Overview of light interference tests
Maximum\opérating Minimum operatihg
distance from sensing | distance from senging
Liaht device-to passive device to passive
9 reference pattern reference patterr] P
Test | Sub | Testrelated source Light - - -
Nunl. | clause to 2 ITest intensity Test piece Test piece Test piece | Test jece
sequence ? . .at on passive . .at on pagsive
minimum reference | Minimum refereince
detection tt o detection pattefn ¢
distance © pattern distance ©
1 5.4.6.4 [ Normal Incandescent | 1 500 Ix X X X X
operation-
P / Test
Interference |sequence 1
on pattern
2 5.4.6.4 [ Normal Incandescent | 100 Ix X X X X
operation-
| Test
Interferencew| sequence 1
on pattern
3 5.4.6.4 [ Normal Incandescent | 1 500 Ix X X
opetation- with shadow | bright area
— <750 Ix
Interference |/ Test shadow
on pattern sequence 1 area
4 5.4.6:5 | Failure to Incandescent | 3 000 Ix X X X X
d -
anger / Test
Interference | sequence 2
on pattern
5 5.4.6.5 | Failure to Incandescent | 50 Ix X X X X
danger-
g / Test
Interference | sequence 2
on pattern
6 5.4.6.6 [ Normal Incandescent | 1500 Ix over X
operation- ambient
Interference | sequence 1
on sensing
device



https://iecnorm.com/api/?name=089263f752fce913ed6d511489cd75b6

- 22 - IEC TS 61496-4-2:2022 © IEC 2022
Maximum operating Minimum operating
distance from sensing | distance from sensing
Light device to passive device to passive
reference pattern reference pattern ®
Test | Sub | Testrelated source Light
Num. | clause to @ ITest intensity Test piece Test piece Test piece | Test piece
a at . at on passive
sequence minimum | ©" Passive | inimum reference
d . reference . c
etection c detection pattern
distance © pattern distance ©
7 5.4.6.6 [ Normal Line 750 Ix X
operation- frequency
PN fluorescent
on sensing / Test
device sequence 1
8 5.4.6.6 [ Normal High 750 Ix X
operation- frequency
fluorescent
Interference
on sensing |/ Test
device sequence 1
9 5.4.6.7 | Failure to Incandescent | 3 000 Ix X
danger: / Test
Interference | sequence 2
on sensing
device
10 5.4.6.7 | Failure to Line 1 500 Ix X
danger- frequency
fluorescent
Interference
on sensing / Test
device sequence 2
11 5.4.6.7 | Failure to High 1 500 Ix X
danger- frequency
fluorescent
Interference
on sensing / Test
device sequence 2
12 5.4.6.7 | Failure to Laser beam” | Between X
danger- pointer 0,7 mW and
Interference |/ Test T mw
on sensing |seqguence 3
device
13 5.4.6.7 | Failure_to VBPDPP of X
danger- identical
design
Interference
Qh~sensing [/ Test
device sequence 3
14 5(4.67 | Failure to Incandescent | 3 000 Ix X
danger- decreasin
/ Test 00D
Mterference | Sequence 3
on sensing
device

a8 Specific tests may be required depending on an analysis of the design.

For ease of use testing at 0,5 m may be performed if the minimum operating distance stated by the supplier is
below this distance. Tests at other and/or additional operating distance(s) may be required based on analysis.

¢ Determining the location of the test piece within the detection zone may require analysis of the system to ensure
that a worst case test is performed (e.g. when the sensor axis is not perpendicular to the passive reference
pattern).
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Addition:

5.4.6.4 Normal operation - Interference on passive reference pattern

The ESPE shall continue in normal operation throughout test sequence 1 in 5.4.6.3 of
IEC 61496-1:2020 using each of the following types of interfering light, positioned outside the
sensing zone. Tests shall be carried out at the distances shown in Table 422.

Light intensity measurements shall be made in accordance to Figure 3.
— The incandescent light source of 5.4.6.2 of IEC 61496-1:2020 producing a light intensity of
1500 Ix.

he incandescent light source of 5.4.6.2 of IEC 61496-1:2020 producing a light intens|ty of
00 Ix without any additional ambient light.

ingle incandescent light source of 5.4.6.2 of IEC 61496-1:2020 producingya-light intejnsity
f 1 500 Ix with a cylindrical object held in front of the light source and outside the tolerance
pne producing a shadow on the passive reference pattern. The size of(the shadow shall be
ithin a range of 1 to 10 times the detection capability. The light“intensity within the
hadowed area shall be below 50 % of the bright area.

he luxmeter shall be positioned on the background and perpéendicular to the optical ajxis.

—H - »w = NO (p — -

he test piece shall be moved throughout the shadow within.the detection zone.

Sensing
device

Optical axis

i)

AN

Cylindrical
object

\
[/ —

Luxmeter Background
IEC

Figure 3 — Light intensity measurement setup for indirect light tests

5.4.6.5 Failure to danger — Interference on passive reference pattern

The ESPE shall not fail to danger throughout test sequence 2 in 5.4.6.3 of IEC 61496-1:2020
using each of the following types of interfering light, positioned outside the sensing zone. Tests
shall be carried out at distances shown in Table 422.

Light intensity measurements shall be made in accordance to Figure 3.
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NOTE Light intensity values are based on values given by EN 12464-1. The position and direction of the luxmeter
is limited to achieve a reproducible light intensity value.

The incandescent light source of 5.4.6.2 of IEC 61496-1:2020 producing a light intensity
increase of 3 000 Ix

The incandescent light source of 5.4.6.2 of IEC 61496-1:2020 producing a light intensity of

5

0 Ix without any additional ambient light.

5.4.6.6 Normal operation — Interference on sensing device

The ESPE shall continue in normal operation throughout test sequence 1 in 5.4.6.3 of
IEC 61496-1:2020 using each of the following types of interfering light, positioned outside the

sensfng zone but adjacent to the tolerance zone. Tests shall be carried at distances shoy
Table 2.
Light intensity measurements shall be made in accordance with Figure 4.

T

T

T

T
a
T

mcrease of 1 500 Ix.
mtensity increase of 750 Ix.

intensity increase of 750 Ix.

he incandescent light source of 5.4.6.2 of IEC 61496-1:2020 producing’a light inte
he line frequency fluorescent light source of 5.4.6.2 of IEC 61496¢1.2020 producing a
he high frequency fluorescent light source of 5.4.6.2 of IEC 61496-1:2020 producing a

he luxmeter shall be positioned on the sensing device and perpendicular to the of
XiS.

he light source shall be positioned adjacent to the tolerance zone.

Sensing
Device

Luxmeter
Optical axis

\

Light Source

<&

vn in

nsity
light
light

tical

//

Figure 4 — Light intensity measurement setup for direct light tests

Background
IEC

5.4.6.7 Failure to danger — Interference on sensing device

Interfering light sources shall be positioned outside the sensing zone but adjacent to the
tolerance zone. Tests shall be carried at distances shown in Table 422.

Light intensity measurements shall be made in accordance to Figure 4.
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The ESPE shall not fail to danger throughout test sequence 2 in 5.4.6.3 of IEC 61496-1:2020
using each of the following types of interfering light:

5.4.71 Pollution interference

The incandescent light source of 5.4.6.2 of IEC 61496-1:2020 producing a light intensity of
3 000 Ix.

The line frequency fluorescent light source of 5.4.6.2 of IEC 61496-1:2020 producing a light
intensity increase of 1 500 Ix.

The high frequency fluorescent light source of 5.4.6.2 of IEC 61496-1:2020 producing a light
intensity increase of 1 500 Ix.

inter

positioned inside the aperture of the sensing device objective.

A VBPDPP of identical design, if analysis shows that the VBPDPP is_sensitive to such
interference.

Tlhe incandescent light source of 5.4.6.2 of IEC 61496-1:2020 decreases from 3 000 I to O
IX in steps of 1 000 Ix. Test sequence 3 shall be repeated at €ach step of decrepsed
brightness.

A syptematic analysis of the design of the VBPDPP shallche carried out to decide which test
methods and test conditions are appropriate to satisfy the requirements of 4.3.7. These fests

shalllbe carried out to test for no failure to danger.

Changes based on pollution which lead to a reduction of the discrimination against the opject

which shall be detected have to be considered:

The {est setup should include the whole fijeld of view of the monitored passive reference paftern.

NOTH Specific test procedures will be developed.

5.4.8 Changes of passive reference pattern

A syptematic analysis of the design of the VBPDPP shall be carried out to decide which fests
and fest methods are_appropriate to satisfy the requirements of 4.3.8. These tests shall be

carrigd out to test for'no failure to danger.

Ageing of the passive reference pattern shall be considered as homogenous change over the

whole pattern.

Damrlge of the passive reference pattern shall be considered as local effect on the patter||1.

Changes of the passive reference pattern which lead to a reduction of the discrimination against
the object which shall be detected have to be considered.

NOTE Specific test procedures will be developed.

5.4.9 Manual interference

A systematic analysis of the design of the VBPDPP shall be carried out to decide which tests
and test methods are appropriate to satisfy the requirements of 4.3.9. These tests shall be
carried out to test for no failure to danger.

NOTE Specific test procedures will be developed.
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5.4.10 Optical occlusion

Immunity against optical occlusion within the detection zone or the zone with limited detection
capability shall be tested as follows:

a) The object used for simulating optical occlusion shall be a cylinder with a minimum effective
length of 0,3 m. The surface of the test piece shall have a coefficient of diffuse reflection

h)

6

value of less than 20 % at the operating wavelength.

The diameter of the occluding object shall be 5 mm unless determined otherwise by the

analysis of 4.3.10.

During the te
plane of the VBPDPP.

he detection zone shall be set to maximum, when applicable.

he test shall be carried out by placing the occluding object adjacent to the tolerance
ithin the detection zone or the zone with limited detection capability as nearas possil
the VBPDPP with the OSSDs in the ON-state.

he test piece in accordance to 4.2.13 shall be used for the C-tests tobe performed.
-tests shall be performed to verify that the stated detection capability is maintained i
presence of optical occlusion. The test piece shall be moved between the occluding o
sfated maximum detection distance.

dditional tests shall be carried out when the analysisiof 4.3.10 shows that the follg
an affect the immunity to optical occlusion:

distances between the VBPDPP and the occluding object other than those stated ak

dimensions of the detection zone other than:the maximum;

different diameters of the occluding 6bject at different distances from the VBPDPP

A B W DN = O P

)
)
) other distances between the occludingebject and the test piece;
)
)

different positions of the occluding object in front of the VBPDPP (for example, diffs
angles); and/or

6) more than one occluding_ object.

Marking for identification and for safe use

This|clause of IEC 61496-1:2020 is applicable except as follows:

6.1

General

Addition:

1)

zone
le to

h the
bject

and the passive reference pattern as close as possible to the occlusion object and at the

wing

ove;

brent

rlldication of the zone of detection.

The markings required by 6.1 b), c) and d) of IEC 61496-1:2020 may alternatively be given in
the accompanying documents.
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7 Accompanying documents

This clause of IEC 61496-1:2020 is applicable except as follows:

Additions:

aaa)

bbb)

cce)

ddd)

eee)

fff)

ggg)
hhh)

i)

instruction that it shall be verified that the view of the passive reference pattern within the

detection zone and tolerance zone is not blocked by parts of the machine or other obj

ects;

instruction that the detection capability dimension shall be added to the safe distance
calculations of ISO 13855. This is because response time specifications assume that the

Ull.)jcbt ovdall IUU Ulltilciy Vvitilill tilc UIGtUbtiUII LUTIT ll.)CfUIU It ib dcicbicd,
the manufacturer shall inform the user of potential problems not covered |by
requirements of this document;

the manufacturer shall describe procedures for permanent fixing of passive refer
pattern and further measures (for example prevent easy access for workefs to addit
passive reference pattern);

if the VBPDPP has a zone of limited detection capability, the manufacturer shall prd
information as required in 4.1.6;

application examples showing the tolerance zone(s) if applicable;
dimensions of maximum and minimum detection zone(s) and tolerance zone(s);

information about the minimum required distance between the border of a detection
and the surrounding environment without detegting, for example, walls or par
machines in order to guarantee reliability in operation;

for setting the detection zone(s) including.consideration of the tolerance zone(s)
details on other optional functions of the VBRDPP, described in Annex A of this docu
if these options are available. A clear statement shall be given when a zone(s) is
described, whether its description is related to the detection zone(s) as defined in 3
IEC 61496-1:2020 or the combinatien of the detection zone(s) and the tolerance zon

the

ence
onal

vide

rone
s of

and
ment
are)
.4 of
e(s).
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Annex A
(normative)

Optional functions of the ESPE

Annex A of IEC 61496-1:2020 applies except as follows:

Clause A.8 does not apply.

Additional nphnnnl functions.:

A1

Q Selection of multiple detection zones

A.10[1 Functional requirements

If an|[ESPE has more than one safety-related detection zone, a single fault-shall not lead
uninfended change from one selected zone to another zone. In cases where a single fault W

doe
inte

g not cause a failure to danger of the ESPE is not detected, the occurrence of a further
rhal to the ESPE shall not cause a failure to danger.

Where the input signals are derived from device(s) external tocthe ESPE, this device(s) sh
mee{ the relevant requirements of other appropriate standards (for example 1SO 1384

IEC

51508, IEC 62061).

Single faults that prevent an intended change from. one selected zone to another or preven

acti
con
zon

viation of an additional safety-related detection'zone shall cause the ESPE to go to a loc
dition when a demand requires an activation of another zone or an activation of an addit
g. The specified response time(s) shall besmaintained in this case.

NOTH 1 It is possible that each zone has a different response time as specified by the manufacturer.

If a|detection zone is changed inJsize on-line for example by external inputs, the {
requ{rement applies.

The pctivation of the detection zones shall be monitored by the ESPE. The user shall hav

pos
the
sha

slibility to configure the sequence of activation of the detection zones which is monitorsg
BSPE. If an incorfect sequence of activation of the detection zones is detected, the E
[l respond by going to a lock-out condition.

The possibilitysthat persons may already be within the detection zone at the moment of switg
between different detection zones should be considered.

o an
hich
fault

ould
19-1,

t the
-out
onal

ame

e the
d by
SPE

hing

A.7 of

NOTH 2 “The automatic selection of safety-related detection zones is not a muting function (as described in

IEC

A.1

6 1496-1720207-

0.2 Verification

The functional requirements for the selection of multiple detection zones shall be verified as
follows.

a) Verification that a single fault does not lead to an unintended change from one selected
zone to another zone. Verification that a single fault does not prevent an intended change
from one selected zone to another or prevent the activation of an additional safety-related
detection zone. Verification, that a further fault will not lead to a failure to danger, shall be

b)

carried out according to 5.3.4.

Verification that common-mode failures cannot lead to a deactivation or variation of the

detection zones.
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c) Verification that the specified response time of the ESPE is maintained in the case of
switching between different detection zones.

d) Verification that the user has the possibility to configure the sequence of activation of the
detection zones which is monitored by the ESPE.

e) Verification that the ESPE goes to the lock-out condition when the sequence of activation
differs from that configured by the user.

A.11 Automatic setting of detection zones

A.11

.1 Functional requirements

If th(L ESPE has the possibility to automatically set the detection zone(s), the setting of the

dete
dete

the detection zone in the plane of the passive reference pattern. The corridor,_shall be i
the detection zone.

The
can

Whe

as lis

pe, for example, a password protected software configuration program.

ction zone shall be valid only after being verified by penetrating all segments”of the
ction zone at least once in a corridor with a maximum width of 0,75 m along-the’border of

nside

putomatic setting of a detection zone shall not be possible without*using a tool. Thig tool

h determining the ranging accuracy of an automatically sef detection zone, all conditions
ted in this document shall be taken into account, especially environmental interferenges.

A.11]2 Verification

The functional requirements for automatically setting a detection zone shall be verified by the

folloying tests:

a) tIsts according to A.9.2 a), b) and c);

b) tést that the detection zone was set correctly by penetrating all segments of the deteftion
zpne at least once in a corridor withya maximum width of 0,75 m along the border of the
detection zone;

c) vkrification that a tool (for example, a password protected software configuration program)

q
4

-

necessary to enable autématic setting of a detection zone in the plane of the pa
bference pattern.

5Sive
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Annex B
(normative)

IEC TS 61496-4-2:2022 © |[EC 2022

Catalogue of single faults affecting the electrical equipment
of the ESPE, to be applied as specified in 5.3

Annex B of IEC 61496-1:2020 is applicable except as follows.

Addition:
B.7 | Imaging sensor
Faults considered Exclusions

Wrong line addressing None
Wrong column addressing None
Crosstalk between lines, columns and pixels None
Sfatic image (no new image) None
Stuck at high pixel None
Stuck at low pixel None
Change in register settings, if applicable None
Fgilure in the analog to digital converter, if applicable None
IIzailure in data pre-processing, if applicable (see None

gure 1)
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Annex AA
(informative)

The positioning of VBPD in respect of parts of the human body

AA.1 Calculation of distances for electro-sensitive protective equipment
employing vision based protective devices (VBPD)

NOTE 1 SO 13855 provides a methodology to determine the minimum distance S from specific sensing or actuating
t t 6-of1+50-13855:2040-detaits—the—eatettatiorofmigimum

devices—ef-pretective—egtiprmenttoa—danrgerZore—clatse—6
distarlces for electro-sensitive protective equipment employing active opto-electronic protective systems] This
Annex AA adopts the given approach and extends it where necessary. It is foreseen that after some experience, the
methqgdology will be presented to the committees preparing ISO 13855 and IEC 62046 for adoption and.integfration
in the|r standards.

Wheh calculating minimum distances, the requirements and formulae given by lSO 13855:24010,
Claupe 6 should be taken into account including additions given by Clauses AA.2, AA.3 and
AA.4.

ISO [13855 distinguishes in the calculation of the minimum distanee _between:

- dEtection zone orthogonal to the direction of approach, and

— detection zone parallel to the direction of approach
Both{cases can be applied for a three-dimensional volume,; it is allowed to choose the resulting
lowef minimum distance S. Analysis has shown that the formulae for detection zones orthogonal
to the direction of approach lead to a lower or equal'minimum distance S in the cases descfibed
beloyw. For the Formulae AA.5 to AA.9 it is_censidered that the outer shell of the three-
dimensional detection zone is normal to theréference plane, e.g. floor. Other shapes sugh as
ball-$haped or trapezoidal need further consideration. In addition, possible circumventing of an
VBPD by reaching over the detection zone should be addressed according to ISO 13855:4010,
Table 1.

To epsure that the value Crg.according to ISO 13855:2010, Table 1 is smaller than the yalue

of ({( + d) calculated according-to the formulae below independent of the height a of the hgzard
zong, the height » of the uppér edge of the detection zone of the VBPD should be 1 400 mm as
a minimum for a detection-capability >55 mm and 2 400 mm as a minimum in all other cages.

NOTH 2 A height b.equal or greater than 1400 mm respectively 2 400 mm means that there is no popsible
circumpventing of antESPE according to ISO 13855 by reaching over the detection zone. In cases where the above
recommendation is/not followed, Table 1 of ISO 13855:2010 is applicable to determine the correct distance.

AA.2 Calculation of the overall minimum distance S,

When calculating the size or volume of a zone that is used to prevent a person reaching the
hazard zone before the termination of the hazardous machine function an overall minimum
distance S, should be calculated by Formulae (AA.1) and (AA.4). Formula (AA.2) is a general

formula given by ISO 13855.

S =S+S (AA.1)

(0] a

S=(KxT)+C (AA.2)

Sa=Cpp +d (AA.3)
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