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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF MACHINERY -
ELECTRO-SENSITIVE PROTECTIVE EQUIPMENT -

Part 4-3: Particular requirements for equipment using
vision based protective devices (VBPD) —

Additional requirements when using stereo
vision techniques (VBPDST)

FOREWORD

THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
all national electrotechnical committees (IEC National Committees). The object of IEEC is*to promote interng
cd-operation on all questions concerning standardization in the electrical and eleCtronic 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)”).

preparation is entrusted to technical committees; any IEC National Committee interested in the subject dea
may participate in this preparatory work. International, governmental and,non-governmental organizations li
with the IEC also participate in this preparation. IEC collaborates closelyWith the International Organizati
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

rising
tional
d and
ports,
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t with
hising
bn for
bns.

THe formal decisions or agreements of IEC on technical matters{express, as nearly as possible, an interngtional

cgnsensus of opinion on the relevant subjects since each dechnical committee has representation frdg
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 d
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 fd
sgrvices carried out by independent-certification bodies.

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

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.

Attention 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 61496-4-3 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 2015-05. 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 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

44/934/DTS 44/957A/RVDTS

Full information on the voting for its approval 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 devel6p
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement;-avai
at www.iec.ch/members_experts/refdocs. The main document types developed by 1EQC
described in greater detail at https://www.iec.ch/publications.

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

This|document supplements or modifies the corresponding clauses ‘in IEC 61496-1:202
specify particular requirements for the design, construction and{testing of electro-sens
protgctive equipment (ESPE) for the safeguarding of machinery, employing vision b
protective devices (VBPD) using stereo vision techniques (VBPDST) for the sensing funct

Where a particular clause or subclause of IEC 61496-1:2020 is not mentioned in this docun
that ¢lause or subclause applies as far as is reasonabl€)\Where this document states "addi
ification" or "replacement", the relevant text of {EC 61496-1:2020 is adapted accordingly.

Claupes and subclauses which are additional to those of IEC 61496-1:2020 are numb
sequentially, following on the last available ndmber in IEC 61496-1:2020. Terminological en
(in dlause 3) which are additional to those ‘in IEC 61496-1:2020 are numbered starting
3.4301. Additional annexes are letteredAfrom AA onwards and additional tables are numb
with prefix 43.

A lis{ of all parts in the IEC 61496 series, published under the general title Safety of mach
— 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
stability date indicated/on the IEC website under webstore.iec.ch in the data related tq
specjffic document, At this date, the document will be

mod

—

pconfirmed,

withdrawn,

—

bplaced by a revised edition, or

pd in
able
are

0 to
Sitive
ased
on.

hent,

jon",

ered
tries
from
ered

nery

| the
the

amended.

IMPORTANT - The "colour inside"” logo on the cover page of this document 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.



http://www.iec.ch/members_experts/refdocs
https://www.iec.ch/publications
http://webstore.iec.ch/
https://iecnorm.com/api/?name=4fb1533d2c85fd300b522a4f05b7e08c

-6 - IEC TS 61496-4-3:2022 © |[EC 2022

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 highlevel of confidence could not beestablished these devices would not be-suitable for

use in safety related applications.
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SAFETY OF MACHINERY -
ELECTRO-SENSITIVE PROTECTIVE EQUIPMENT -

Part 4-3: Particular requirements for equipment using
vision based protective devices (VBPD) -
Additional requirements when using stereo
vision techniques (VBPDST)

$cope

Replacement:

This|document specifies requirements for the design, construction andntesting of non-co
elecfro-sensitive protective equipment (ESPE) designed specifically to(detect persons or
of pgersons as part of a safety-related system, employing vision<based protective de

(VB
isd
An

RDs) using stereo vision techniques (VBPDST) for the sensing*function. Special atte
inected to features which ensure that an appropriate safety:telated performance is achie
E[SPE can include optional safety-related functions, the requirements for which are giv

Anngx A of IEC 61496-1:2020 and this document.

NOTH "Non-contact" means that physical contact is not requir€d for sensing.

Wherle this document does not contain all necessary provisions, IEC TS 62998-1 applies.

It is plso possible, for those aspects not considered in this document, to use provisions
IEC TS 62998-1 additionally.

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

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

The |detection principle\is based on the evaluation of images from different viewing p
(sterposcopic view) for the determination of distance information. This distance informati

use

d to determineithe position of an object(s).

This docdument is limited to vision based ESPEs with fixed distances (stereo base) and
directions of the optical axes using a fixed focal length.

I{ isdimited to vision based ESPEs that do not require human intervention for detection.

ntact
barts
ices
ntion
ved.
BN in

from

d its
es a
bw it

pints
bn is

fixed

It is limited to vision based ESPEs that detect objects entering into or being present
detection zone(s).

It is limited to VBPDSTs employing radiation at wavelengths within the range 400 n
1 500 nm.

in a

m to

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

differentiation of the object detected.

This document does not consider the aspects of a moving ESPE installation.

Additional requirements and tests can apply in the following cases:

Use of multi-spectral (colour) techniques;

Setups other than as shown in Figure 2 and Figure 3 (e.g. changing backgrounds, horizontal

orientation of the optical axis with respect to the floor);
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— Intended for outdoor applications.

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

This document can be relevant to applications other than those for the protection of persons or
parts of persons like arm or fingers (in the range 14 mm to 200 mm), for example the protection
of machinery or products from mechanical damage. In those applications, additional
requirements can be necessary, for example when the materials that are to be recognized by
the sensing function have different properties from those of persons.

This document does not deal with EMC emission requirements.

2 Normative references

Addifion:
IEC $0825-1:2014, Safety of laser products — Part 1: Equipment classification and requiremjents

IEC $1496-1:2020, Safety of machinery — Electro-sensitive profective equipment — Pqrt 1:
General requirements and tests

IEC $2471:2006, 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 p0471:2013, High visibility clothing — Test:methods and requirements

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

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

. FC Electropedia: available at http://www.electropedia.org/

. 5O Online brewsing platform: available at http://www.iso.org/obp

This|clause~ofIEC 61496-1:2020 is applicable except as follows:

Replacement:

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

Note 1 to entry: Detection capability is measured by the size of an object that can be detected. An increase in
detection capability means that a smaller object can be detected.

[SOURCE: 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.]
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3.4
detection zone, <of a VBPDST>
three-dimensional volume within which a specified test piece will be detected by the VBPDST

Note 1 to entry: Example for three-dimensional volume are a pyramid or a cone

3.5
electro-sensitive protective equipment
ESPE

Addition:

Note B to entry: Illumination unit(s), if applicable, is/are part(s) of the sensing device.
Addition:
3.4301

minimum detection zone
lowept dimension of the detection zone for a test piece moving with maximum speed

Note [ to entry: This is the lowest dimension that ensures the integrity of the detection capability.

3.4302
evalpation images, pl
set df images which are used by the detection algorithms

SEE]| Figure 1.

Optics Imiaging sensor

Scene

/

if applicable

\
Data _ \
................ p| pre-processing - ,§

\
AU

—
o

Image in sensor plane Evaluation image
IEC

Figure 1 — Image planes in imaging device of a VBPDST

3.4303

Image

<of a VBPDST>

snapshot representation of the scene in different planes of the VBPDST in form of a two
dimensional pixel matrix

3.4304

vision-based protective device

VBPD

ESPE using an imaging sensor, operating in the visible and near infrared light spectrum to
detect an object in a defined field of view

Note 1 to entry: This note applies to the French language only.


https://iecnorm.com/api/?name=4fb1533d2c85fd300b522a4f05b7e08c

-10 - IEC TS 61496-4-3:2022 © |[EC 2022

3.4305

vision based protective device using stereo vision techniques
VBPDST

VBPD with two or more imaging devices using stereo vision techniques and with or without
active illumination

3.4306
imaging sensor
opto-electronic device which produces electrical signals representing the characteristics of an

imag

e

SEE

3.43
imag

Figure 1.

D7
ing device

combination of an imaging sensor, optics and the processing unit (if applicable))

SEE

Note

3.43
oper

Figure 1.

to entry: The imaging devices are part of the sensing device.

D8
ating distance

distanhce measured along the z-axis of the sensing device coordinate system

3.43
Pixe
<of 4

D9

sensor>

smallest light sensitive element of an imaging sénsor

3.43
Pixe
<of &
area

3.43
amb
AIT

tech
mea

3.43

10

n image>
of the smallest element that ean be distinguished from its neighbouring elements

11
ent illumination technique

nique that relies Yon scene lighting for illumination and contrast to obtain r
burements

12

PAP
tech

pattIrrn projection technique

iqQue that uses a special projection to enhance the contrast of a scene

hnge

3.4313
sensing device coordinate system
coordinate system oriented to the sensing device

Note 1 to entry: Typically, the z-axis is parallel to the optical axis of one imaging device.
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3.4314

tolerance zone

zone outside of and adjacent to the detection zone within which the specified test piece is
detected with a probability of detection lower than the required probability within the detection

zone

Note 1 to entry:

The tolerance zone is necessary to achieve the required probability of detection of the specified

test piece within the detection zone. For explanation of the concept of probability of detection and the tolerance zone,

see Annex BB.

3.4315

user coordinate system

coorflinate system that may be configured by the user

3.4316

zong with limited detection capability

volume between the detection zone and the front of the sensing device in which the s

detegtion capability is not achieved

3.4317

ster¢o base

distance between the centres of the entrance pupils of two imaging'devices

Note ] to entry:

3.4318

The expression baseline is often used as synonym for stereo base.

position accuracy
accuracy in three dimensions of the position of ansobject as measured by VBPDST

Addition:

Abbreviated terms

AlT] Ambient illumination*technique

BTP Black test piece

GB Grey background

GTP Grey test, piece

Ix Lux

LC L'ow contrast

oD Operating distance

P1 Position 1 of the light source

P2 Position 2 of the light source

PAPT Pattern projection techniques

PTZ Tolerance zone related to probability

RRTP Retro-reflective test piece

STZ Tolerance zone related to systematic influences

TTC Typical test condition (test condition for normal operation tests)
TI Typical illumination (illumination used for normal operation tests)
VBPDST Vision based protective devices using stereo vision techniques
WTP White test piece

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

4.1 Functional requirements

Replacement:

4.1.2 Sensing function

4.1.214 General

The detection zone shall begin at the border of the zone with limited detection capability and
end within the maximum operating distance (see Figure 2 and Figure 3).

Object(s) in the zone with limited detection capability shall not reduce the detecCtion capapility
withip the detection zone. Any reduction of the detection capability shall be'-detected and the
VBPPST shall go to lock-out condition (see 4.2.2.4).

I IEC

Key
1 — Maximum operating distance 4 — Sensing device 7 — Detection zone
2 — User coordinate system 5 — Zone with limited detection 8 — Tolerance zone
capability
3 — Sensing device coordinate 6 — Stereo base 9 — Stereo field of view
system

NOTE The figure shows a system with the sensing device coordinate system parallel to the stereo base and a
maximum operating distance on a plane perpendicular to the sensing device coordinate system axis.

Figure 2 — 3D view of a vision based protective device using
stereo vision techniques (VBPDST)
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1
Y
IEC

Key

1 — Maximum operating distance 4 — Sensing device 7 — Detection zone

2 — Wser coordinate system 5 — Zone with limited detection 8 — Tolerance zone

capability
3 — $ensing device coordinate 6 — Stereo base 9 — Stereo field of view
Bystem
NOTH The figure{shows a system with the sensing device coordinate system parallel to the stereo base gnd a
maximum operating distance on a plane perpendicular to the sensing device coordinate system axis.
Figure 3 — 2D view of a vision based protective device using
stereo vision techniques (VBPDST)

4.1.2.2 Additional functional requirements

The sensing function shall be effective over the detection zone. No adjustment of the detection
zone or detection capability shall be possible without the use of a security measure (e.g. key,
keyword, or tool).

The VBPDST shall respond by giving appropriate output signal(s) when a test piece is present
anywhere within the detection zone whether static or moving with respect to the VBPDST.
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The supplier shall specify the limits of detection capability. The supplier shall take into account
worst case scenario considering all influences listed in this document including, for example:

— signal-to-noise ratio;

— light intensity in the image in sensor plane (see Figure 1);
— contrast on the image in sensor plane;

— position of the image in sensor plane.

4.1.2.3 Optical performance

a) limit the possibility of malfunction during exposure to extraneous radiation in thesrange of

0 nmto 1 500 nm;

b) limit the effects of environmental influences (temperature, vibration and _.shocks, fust,

oisture, ambient light, extraneous reflections, changing illumination; shadows
ckground, background reflectivity);

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

Replacement:

In thlis document, only a type 3 ESPE is considered. At is' the responsibility of the mag
suppllier and/or the user to specify which type is requifed for a particular application.

A type 3 ESPE shall fulfil the fault detection requirements of 4.2.2.4.

In ngrmal operation, the output circuit of eagh of at least two output signal switching de
(OS$Ds) of the type 3 ESPE shall go to the OFF-state when the sensing device is actuate
when the power is removed from the ESPE.

on

hine

ices
d, or

Wheh a single safety-related data interface is used to perform the functions of the OSSP(s),
then|the data interface and associated safety-related communication interface shall meett the

requlrements of 4.2.4.4 of IEC)61496-1:2020. In this case, a single safety-related data inte
can $ubstitute for two OSSDs in a type 3 ESPE.

Addition:

4.1.6 Zone‘with limited detection capability

A zope between the optical window and the beginning of the detection zone is referred to

face

as a

zone with-limited detection capability. In order to ensure that no hazard can arise in a partigular

application due to the presence of objects in the zone between the optical window an

the

detection zone, its dimensions and appropriate information for use shall be 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.
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4.2.2.4 Particular requirements for a type 3 ESPE
Addition:

EXAMPLE of deterioration of the VBPDST detection capability include:
— increase of the minimum detectable object size;

— increase in the minimum detectable contrast;

— decrease of position accuracy.

4.2.2.5 Particular requirements for a type 4 ESPE

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

4.2.12 Integrity of the ESPE detection capability

Replacement:

4.2.12.1 General

The design of the VBPDST 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
folloying:

a)
b)

c) the number of objects within the detection zone;

ow contrast between an object and background on the evaluation images;

—

e position of the object within the detection zone;

d) the size of object(s) within the detection zone;

e) auto-adjustment of optical and electrical characteristics;

f) properties/limitations of optical and electrical components;

g) curacy of object position in image(s);

h) the limits of alignment and/arcadjustment;

i) eing of components;

i) rformance and limitations of the optical components;

k) cpbmponent tolerances,

[) changing of internalland external references to ensure the detection capability;

m) environmentaliconditions specified in 4.3.
4.2.12.2 Detection zone(s) and tolerance zone(s)

The pupplier shall define values up to 200 mm as the minimum detectable object size off the
VBPPST, within the detection zone. The minimum detectable object size may be distgnce
depermdent.

The test pieces (see 4.2.13) shall be detected with a minimum probability of detection of
1-2,9 x 10~7 throughout the detection zone(s). To achieve this minimum probability of
detection, the tolerance zone has to be considered in addition to the detection zone. The
tolerance zone depends on position accuracy composed of systematic (STZ) and random
influences (PTZ). Even if a measured distance value of a test piece falls into the tolerance zone,
this test piece will be determined as detected (see Annex BB for further Information). If a part
of the position error does not result in failure to danger, then it does not need to be included in
the tolerance zone.

NOTE 1 Under the assumption that errors are normally distributed, the PTZ will be 5 times the standard deviation
of the error distribution (5 sigma).

NOTE 2 W.ithin the tolerance zone there is no requirement for maintaining a minimum probability of detection.
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NOTE 3 The dimensions of the tolerance zone in the three axes can be different.

NOTE 4 An example to determine the tolerance zone is given in Annex BB.

The supplier shall specify the tolerance zone(s) and take into account worst-case
considerations according to the influences listed in 4.2.12.7.

When using reference markers or parts of the environment such as walls or the floor during
setup, errors in determining the correct distance and position of these references shall be taken
into account when specifying the tolerance zone(s).

mension-of-the-tolerahrce—zone—-ocanbe-influencedby-themethod-of-appreas : valking,
ing along a wall). If such informat alysis

s can be required.

NOTH 6 If the required probability of detection can be satisfied by partial intrusion of an object into the detgction
zone,|then a smaller tolerance zone can be used for safety distance determination. Further details can be foyind in
Annex AA.

4.2.12.3 Response time

Objelcts of the minimum detectable size that are either stationary or motving within the deteftion
zone at any speed up to 1,6 m/s shall be detected by the ESPE within the specified resppnse
time] The supplier shall specify the maximum response time- The supplier shall take| into
account worst case conditions.

EXAMPLES for worst case conditions for maximum response time are
— frgme rate;

— eValuation time;

— minimum diameter of the test piece;

— maximum speed of the test piece;

— nymber of objects in the detection zone;

— vdlues of the minimum detection zone;

— erfvironmental influences.

Whele the supplier states that*a~VBPDST can be used to detect objects moving at spgeds
greater than 1,6 m/s, the requirements shall be met at any speed up to and including the st{ated
maximum speed.

4.2.12.4 Object detection at low contrast

At low contrast the\test piece shall be detected when the VBPDST is in normal operation.

NOTH A physical contrast results in a difference of intensity that is detected. For more information, see Annegx CC.

4.2.12.5"-“0Object detection at high contrast

At high contrast the test piece shall be detected when the VBPDST is in normal operation.

NOTE A high contrast results from a big difference of the coefficient of diffuse reflection and/or lighting variation
between the background and the test piece. The contrast could be higher than the dynamic range of the imaging
sensor.

4.2.12.6 Minimum detection zone

The supplier shall specify the minimum detection zone(s). The supplier shall take into account
worst case conditions including, for example:

— response time;

— minimum diameter of the test piece;

— maximum speed of the test piece.
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4.2.12.7 Position accuracy

When determining the position accuracy, the following influences shall be taken into account if
applicable, but not limited to:
a) the calibration of the sensing device;
b) characteristics of the optical/imaging sensor, such as
1) the number of pixels and pixel size
2) signal-to-noise ratio

3) modulation transfer function of the optics

c) allgorithmic influences, such as:

1) smoothing algorithm

feature based detection algorithm, e.g. edge detection algorithm
template matching

colour sensor and algorithm

global algorithms, e.g. cluster algorithm

optical flow analysis algorithm

2
3
4
5
6
7)) object tracking algorithm
8

—_— — — = = = -

stereo algorithm
d) slynchronization between imaging sensors;
e) ¢

f)
g) Ageing and tolerances of components andfeferences.

haracteristics of the test piece;

imits of illumination;

4.2.12.8 Pattern projection techniques (PAPT)

If paftern projection techniques are used to enhance the contrast in the scene, then the pattern
projgctor shall be considered as part of the VBPDST. This illumination module shall hav¢ the
capdbility to project sufficient contrast onto the scene anywhere within the specified deteftion
zong such that the system fulfils the requirements of this document. The detection capability
shallf not be decreased below’ the limits specified by the supplier by any influences, inclyding
but not limited to the follewing:

a) cpntrast between projected pattern elements;

C
b) cpntrast changes within projected pattern elements;
S

c) sjze and/differentiation of projected pattern elements and number of projected pattern

elements.used for contrast enhancement;
S

d) sjze ofpixels and numbers of pixels compared to used projected pattern elements;

4 i al Py £ 1 H L F'H
e) Wiiatic auapiatult Ul artgurmrimiTUuUtiIc S,

f) size, shape, colour, reflectivity, position and surface structure of object and scene compared
to projected pattern;

g) resulting superposition of natural object/scene contrast and contrast produced by pattern
projection;

h) position and location of pattern projector.
4.2.12.9 Influence of periodic surface structures on the background

Periodic surface structures on the background shall not lead to a failure to danger.

Periodic surface structures resulting in a complete loss of the stated VBPDST detection
capability shall cause the ESPE to go to the OFF-state and remain in it as long as the periodic
structure is present.
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Periodic surface structures resulting in a deterioration of the stated VBPDST detection
capability shall cause the ESPE to go to the OFF-state within a time period of 5 s following the
occurrence of periodic surface structures and remain in it as long as the periodic structure is
present.

These requirements are verified by the tests of 5.2.1.5.

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

The fest pieces shall be opaque. Different test pieces can be required fordifferent phases of
the tgst procedures.

The gharacteristics of the test piece which shall be considered are:
sjze;

b) shape;
cplour;

o
~
=

pflectivity;
at the wavelength of the illumination for, VBPDST with PAPT

- at the wavelength of maximum sensitivity of the sensor for VBPDST with AIT

e) cpntrast with background;
f) texture.
Wheh defining the characteristies of the test piece, protection against camouflage with the

backiground shall be taken intovaccount. Unless the analysis shows that other test piece$ are
apprppriate the following test-pieces shall be used.

4.2.13.2 Cylindrical test piece

The test piece shall be cylindrical if the VBPDST is intended to be used for finger detegtion.
The gylindricaltest piece shall have a diameter of 14 mm and a length for ease of use.

4.2.13.3( )Conical test pieces

ah
1

all ha o e
oTrraT— o 1

pnond far
T

o—be—used—for—hand
0 40 mm over a length

(¢4

The testpiee te
detection. The test piece starts with
of 160 mm.

The test piece shall be a truncated cone in combination with a cylinder if the VBPDST 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.

The test piece shall be a truncated cone if the VBPDST 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.
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If the VBPDST 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 or their combination to represent
more realistic the human body.

4.2.13.4 Spherical test piece

If the VBPDST 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.
4.2.13.5 Grey test piece (GTP)

The test piece shall have a coefficient of diffuse reflection of 27 % to 33 %.

4.2.13.6 Black test piece (BTP)

The fest piece shall have a coefficient of diffuse reflection of less than® %.

4.2.13.7 White test piece (WTP)

The fest piece shall have a coefficient of diffuse reflection of more than 70 %.

4.2.13.8 Retro-reflective test piece (RRTP)

The [test piece shall have a retro-reflective surfagce that complies with the requirements for
sepdrate performance retro-reflective material of ¥SO 20471 or equivalent.

NOTH Table 4 of ISO 20471:2013 defines the minimum coefficient of retro-reflection for separate performance|retro-
refleclive material as 330 cd - Ix-1 - m-2 with an_entrance angle of 5° and an observation angle of 0,2° (12').

Addition:

4.2.14 Wavelength

VBPPSTs shall operate at‘a wavelength within the range 400 nm to 1 500 nm.

4.2.15 Radiation ntensity

If th¢ emitting element(s) of the PAPT device uses LED technology, the radiation intensity
gendrated and‘emitted by the VBPDST shall meet the requirements of the exempt grolip in
accordance-with IEC 62471.

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

If the emitting element(s) of the PAPT device uses laser technology, the radiation intensity
generated and emitted by the VBPDST shall not exceed the maximum power or energy levels
for a class 1M laser in accordance with IEC 60825-1 (even in the presence of a component
failure). The marking as class 1 or class 1M laser shall be carried out as required in 5.2 of
IEC 60825-1:2014.

4.2.16 Mechanical construction

When the detection capability can be decreased below the limit stated by the supplier as a
result of a change of position of its components, the fixing of those components shall not rely
solely on friction.

NOTE The use of oblong mounting holes without additional means could lead for example to a change of the position
of the detection zone under mechanical interference such as shock.
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4.3 Environmental requirements
4.3.5 Light interference
Addition:

The VBPDST shall not fail to danger when subjected to:

— illumination fading to 0 Ix;

— direct sunlight.

Basdd on the technologies and algorithms used and the analysis of b.2.9, additional test§ can
be necessary.

4.3.6 Ambient light intensity

The MVBPDST shall continue in normal operation within a range of illuminatieh from 100 [Ix to
1 500 Ix incandescent light at backgrounds defined in 5.1.2.4. If the supplier specifies limits
outside this range, the tests shall be performed at the specified limits. 'Qutside the limits|, the
VBPPST shall not fail to danger.

Addition:
4.3.7 Pollution interference

4.3.1.1 Effects on optical window

Polldtion on the optical window shall not lead to afailure to danger.

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

Polldtion resulting in a deterioration-of'the stated VBPDST detection capability shall caus¢ the
OSSPs to go to the OFF-state within a time period of 5s following the occurrence of the
pollution interference.

4.3.71.2 Effects within the detection zone

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

Polldtion resalting in a complete loss of the stated VBPDST detection capability shall causg¢ the
OSSPs toge to the OFF-state within the specified response time.

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

4.3.8 Manual interference
It shall not be possible to reduce the stated detection capability or modify the detection zone:

— by covering one or more of the optical windows of the housing of the VBPDST or other parts
(if applicable);

— by placing objects within the zone with limited detection capability.
If the manual interference would result in a failure to danger condition, then the VBPDST shall

respond by giving (an) appropriate output signal(s) within 5 s. The appropriate output signal(s)
shall remain until the manual interference is removed.
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4.3.9 Optical occlusion (eclipsed by small object)

The VBPDST detection capability shall be maintained if moving or static objects or parts of a
machine which are smaller than the detection capability and are present in the detection zone
or in the zone with limited detection capability, which can block the view of the object to be
detected. If the detection capability cannot be maintained, then the OSSDs shall go to the
OFF-state and shall remain in the OFF-state until the optical occlusion is removed. This shall
be verified by analysis and by a test according to 5.4.9.

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

4.3.1

Drift
shall
time

If a

prop
the B
cons

This

5.1
5.1.2
5.1.2
Addi
- h
- W
NOTE
Unle

— T
~- A

Testing

the analysis of the design, a selection of critical backgrounds shall be applied.

0 Drift or ageing of components

or ageing of components that would reduce the detection capability below the stated
not cause a failure to danger of the ESPE. The drift or ageing shall be detésted wit
period of 5 s and lead to a lock-out condition.

erties of the reference object (for example reflection) shall not causea failure to dang
ESPE. If a reference object is used to monitor ageing and drifttof components, it shg
dered to be part of the VBPDST and shall be provided by thé'supplier of the VBPDS]

clause of IEC 61496-1:2020 is applicable exceptias follows:

General
Test conditions
A Test environment
fion:

omogeneous diffuse refleetivity of the background with no visible surface structure;
here other non homogeneous surface characteristics are shown to be critical as res

The background is, the limiting plane or surface being present in the test laboratory
5s otherwisg stated in this document, the VBPDST shall be set up for the tests as foll

ypical.contrast in accordance with 5.1.2.4;
mbjent light intensity between 50 Ix and 300 Ix measured on the background.

alue
hin a

eference object is used for monitoring ageing and drift of components, variations if the

er of
Il be
I

it of

OowWSs:

The ambient light source should provide evenly distributed illumination as far as practical. In
the following tests, grey background (GB) is defined as a flat surface with a coefficient of diffuse
reflection in the range of 27 % to 33 % measured at:

— the wavelength of the illumination for VBPDST with PAPT;

— the wavelength of maximum sensitivity of the sensor for VBPDST with AIT.

During the tests, the fixture holding the test piece should not be visible to the sensor (as much
as practical).

Addition:

5.1.2.2 Measurement accuracy

— for precision of distance/position measurements: 10 % of the stated position accuracy;
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Addition:

5.1.

24 Setup for typical test condition (TTC)

The test conditions shall be defined from the limits of detection capability specified in this
document as a minimum or by the supplier, whatever is more stringent. Within these limits, the
VBPDST shall operate as specified by the supplier, outside these limits the VBPDST shall not

fail

to danger.

The following setup shall be used:

Amblent light intensity on the background within the range of 50 Ix to 300 Ix (TI).

5.1.

The following setup shall be used:

Addifion:

5.1

4 Test conditions and test plan

Grey background (GB);
White test piece (WTP).

4.5 Setup for low contrast (LC)

Q)

rey background (GB);

Q)

rey test piece (GTP).

Unleps otherwise stated, the tests shall be done with the minimum detection zone positipned

as specified in Table 431.

5.2 Functional tests
5.2. Sensing function
Addifion:

5.2.11 General

The pensing functiontand the integrity of the detection capability shall be tested as specffied,

taking into account the following:

he tests_shall verify that the specified test pieces are detected when the test piece is dither
static ormaving 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 requirenjents
shall bé met at all speeds up to the stated maximum speeds.

I'he tests shall verify that the speciiied test pieces are detected when the test piece Is placed
inside the stated detection zone(s) as far as the dimension of the stated detection capability.

Tests shall be performed with the appropriate test piece inside the detection zone close to
the background and close to the zone with limited detection capability and close to the
tolerance zone(s). Tests at other positions can be required depending on analysis of the
design and worst case considerations.

For VBPDST with two imaging devices, the test piece shall be aligned parallel to the stereo
base. This test is not applicable for the spherical test piece.

The number, selections and conditions of the individual tests shall be such as to verify the
requirements of 4.2.12.

If the detection capability depends on the direction of the movement, an analysis of the design
and optical performance shall be done to identify the worst case conditions.
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It shall be verified that the sensing device is continuously actuated and, where appropriate, that
the OSSD(s) go to the OFF-state as described below, taking into account the operating principle
of the VBPDST and, in particular, the techniques used to provide tolerance to environmental
interference.

Table 431 shows an overview of the minimum tests required for the verification of detection
capability requirements.

Table 431 — Verification of detection capability requirements (see also 4.2.12)

Dist i i st
piece

N 9 $ o z
H - 3 - ; ) Maximum Middle operating Minimua
€ o2 S S = operating distance éperatin
3 Fo 2 Fo c distance distanc
(2] (7)) 2 8
Image | Image | Image | Image Image Injage
centre? | corner? | centre? | corner®) centre? | cofner?
1 B-Test |5.2.1.1 sensing Speed LC LC LC LC LC LC
function between 0
m/s and
1,6 m/s?®
2 B-Test |5.2.1.1 sensing Speed GB, GB, GB) GB, GB, GB
function between BTP BTP BTP BTP BTP BTP
0 m/s and
1,6 m/s P
3 B-Test |5.2.1.1 sensing Speed TTC TTC TTC TTC TTC TTC
function between
0 m/s and
1,6 m/s P
4 B-Test 5211 sensing Speed GB, GB, GB, GB, GB, GB
function between RRTP RRTP RRTP RRTP RRTP RR[TP
0 m/s and
1,6 m/&’P
5 Conti- 5.2.1.3 Endurance
nuous test TTC
B-Test
6 C-Test |5.2.1.5 Perigdic Based on
surface VBPD$T TTC
stcuctures | specific
analysis
7 B-Test |5.4.2.2 Ambient 50 °C or
tempera- | maximum ¢
ture
variation | 5.4.2.2 of T7C
IEC 61496-
1:2020
applies
8 B>Test R422 Ambient 0° C or
tempera- minimum,
ture non-
variation condensing °©
TTC
5.4.2.2 of
IEC 61496-
1:2020
applies
9 C-Test |5.4.2.3 Conden- 5.4.2.3 TTC
sing test applies
10 |B-Test [5.4.3 Electrical |[4.3.2,5.2.3.1
disturb- and 5.4.3 of TTC
ances IEC 61496-
1:2020 apply
11 B-Test |5.4.4.1 Vibration 5.4.4.1 TTC

applies
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Distance between the sensing device and the test
piece
- @ 3 o g
H - 3 - ; ) Maximum Middle operating Minimum
€ 22 S S = operating distance operating
3 Fo 2 Fo c distance distance
3 3 e 3
Image | Image | Image | Image Image Image
centre? | corner? | centre? | corner? | centre? | corner?
12 |B-Test |5.4.4.2 Shock 5.4.4.2 TTC
applies
13 5.4.6 Light see
interfer- Table 432
ence
14 |B-Test |5.4.7 Pollution
on the
surface
of the TTC
optical
window
(4.3.7.1)
15 |B-Test |5.4.7 Pollution Pollution
in the caused by
detection | smoke and TTC
zone dust
(4.3.7.2)
16 | C-Test |5.4.8 Manual Based on
interfer- VBPDST TTC
ence specific
analysis
17 | B-Test [5.4.9 Optical Based on
or C- occlusion | VBPDST GB,
Test specific BTP
analysis
18 5.2.1.4 Position - Lc
accuracy
2 location of image centre or image corner-and the operating distance implies the location of the detection|
4one.
b Dr higher if specified by the manufacture
¢ BPDST in test chamber and\wview through chamber window or detection zone for test in the chamber or
gqpen test chamber — start test within 1 min.
5.2.1.2 Integrity of the VBPDST detection capability

It shall be vefified that the VBPDST detection capability is continuously maintained or the BSPE

does
appr

not failcto danger by systematic analysis of the design of the VBPDST, using testing where
bpriate and/or required, taking into account 4.2.12.1.

5.2.1.3

Endurance test of the detection capability

It shall be verified that the detection capability is maintained by carrying out an endurance test
as follows. The results of the analysis and testing according to 5.2.1.2 shall be used to
determine the conditions and the appropriate test piece (see 4.2.13) to use for this test.

A limited functional test B (B test) in accordance with 5.2.3.3 of IEC 61496-1:2020 shall be
carried out with the ESPE in continuous operation under the conditions determined for 96 h and
with the test piece remaining in position inside the detection zone.
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5.21.4 Position accuracy

The dimensions of the tolerance zone shall be verified in accordance with the requirements and
results of 4.2.12.6 and 4.2.12.7. As a minimum, the test setup shall be in accordance with
5.1.2.5 (LC) at maximum operating distance with the test piece in the image corner.

Annex BB gives methods and information that can be used to verify tolerance zones.

5.21.5 Tests for the influence of periodic surface structures on the background

An analysis shall be carried out to determine whether periodic surface structures on the
backiground (see Figure 4) or within the tolerance zone can influence the integrity-of the
detegtion capability.

The fesults of the analysis of the design regarding the influence of periodic surface strucfures
on the detection capability shall be used to determine if the requirements of 4:2.12.9 can be
met and to define details of the test setup.

The |limitations of the system shall be identified taking into account the stated deteftion
capapility and worst case considerations regarding the characteristics, of the pattern elements,
including for example:

ber
ape;

pntrast.

S
- 5

C
The fests covering the influence of periodic surface.structures on the detection capability shall

be carried out using the following test setup procedure:

etermination of the characteristics of\ithe pattern elements depending on worst case
pnsiderations, especially taking into-aeccount the contrast detection and stereo algorithms.

a)

b)

O

c

Tlest pieces: GTP, WTP, depending on worst case considerations;

c) Tlest piece moving at any speed\from 0 m/s to 1,6 m/s (or higher if specified by the suppllier);
T
b

d) Tlhe worst case distancebetween test piece and periodic surface structures on the

ackground shall be determined by measurement.

L[EC L[EC

Checkerboard Circular pattern Squared grid Hexagonal grid

Figure 4 — Examples for periodic surface structures on the background
Addition 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:

a) verify any filtering techniques (especially software filtering algorithms) employed, and their
characteristics;
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determine the decision criteria used to determine whether or not the defined test piece(s) is

detected as being inside the detection zone;

determine the effect of undetected faults, in accordance with 4.2.2.4, on the electro-optical

characteristics;
determine worst case response time;

determine the effect of environmental influence.

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

5.2.10 _Wavelength

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

5.2.11 Radiation intensity

If thg emitting element(s) of the PAPT device uses LED technology, the radjation intensity
be vgrified by measurement in accordance with IEC 62471 and inspeetion of the techpical
documentation provided by the supplier.

If the emitting elements(s) of the PAPT device uses laser technology, the radiation inte
shallf be verified by measurement in accordance with IE€C©0825-1 and inspection o
technical documentation provided by the supplier. The marking as a class 1 or class 1M
shalll be verified for correctness.

5.3

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 verifiedithat the drift or ageing of components that influence the detection capa
will he detected . within a time period of 5 s according to 4.3.10.

A combination of one or more of the following is sufficient to verify the requirement to coni
single fadlts with operating conditions/influences as required by 4.2.2.4 of IEC 61496-1:2(

data

shall

nsity

the
aser

bility

bine

20:

analysis;
simulation; and
tests carried out in the presence of a single fault, where relevant.

5.3.5 Type 4 ESPE

This subclause of IEC 61496-1:2020 is not applicable.
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5.4 Environmental tests
5.4.2 Ambient temperature variation and humidity
5.4.2.3 Condensing test procedure

Addition:

As an alternative, a systematic analysis of the design of the electro-optical subsystem of the
VBPDST may be carried out in order to justify the substitution of the condensing test by a test
on the optical window (see 5.4.7).

5.4.4 Mechanical influences
5.4.4.1 Vibration

Addition:

At the end of the tests, the VBPDST shall be inspected for damage including displacement of

optigal components and mounting brackets. It shall be verified by test{that the detection gone
has not changed in orientation, size or position.

5.4.4.2 Shock

Addition:

At the end of the tests, the VBPDST shall be inspeteted for damage including displacement of
optigal components and mounting brackets. It shallbe verified by test that the detection kone
has not changed in orientation, size or position.

5.4.6 Light interference
5.4.6.1 General

Replacement:

Test$ shall be performed with’the test piece inside the detection zone close to the backgrpund
and ¢lose to the zone with\limited detection capability and close to the tolerance zone(s). Unless
othefwise stated, the distance between the detection zone and the background shall be 2 times
the dimension of thé tolerance zone. Tests at positions other than image centre or image corner
and yith other test\pieces may be required depending on analysis of the design and worst case
consjderations

EacH test shall be carried out as specified in Table 432 and under the stated conditions|as a
minivInum requirement.

All the tests shall be performed with the minimum detection zone. The position of the detection
zone shall be as specified in Table 432.

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
with appropriate light sources, and/or

— an analysis shows such tests to be necessary.

Ambient light shall be delivered by using the incandescent light source or using natural

illumination. Unless otherwise stated, the ambient light intensity during light interference tests
shall be within a range of 50 Ix to 300 Ix.
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In the following test procedures, unless otherwise stated, the light intensity limits include the
combination of ambient light and light contributed by the indicated light source.

Table 432 gives an overview of the light interference tests.

Table 432 — Overview of light interference tests

Num- Sub- Test related to Light source Light Test piece position Note
ber clause position 2 intensity
Test sequence Image Image
centre® corner®
1 5.4.6.4 Normal operation Incandescent 1 500 Ix Max OD © Figure 5
Interference on P1 TTC
background 1
2 5.4.6.4 Normal operation Flashing Max OD © Figure 5
beacon
Interference on TTC
background P2
1
3 546.4 Normal operation Incandescent 1 500 Ix Max*OD ¢ | Max OD ¢ Figufe 5
with shadow bright
Interference on area TTC TTC
background P1
<750 Ix
1 shadow area
4 5.4.6.6 Normal operation Incandescent 1 500N Max OD ¢ | Max OD ¢ Figufe 7
Interference on - TTC TTC
sensing device 1
5 5.4.6.6 Normal operation Line frequengy, 750 Ix Max OD ¢ Figure 7
fluorescent
Interference on TTC
sensing device -
1
6 5.4.6.6 Normal operation High frequency 750 Ix Max OD ¢ Figure 7
fluorescent
Interference on TTC
sensing device -
1
7 5.4.6.5 Failure\to danger Incandescent 3 000 Ix Max OD ¢ Figure 5
interference on P1
background
9 2 LC
8 5.4.6.5 Failure to danger Laser beam Max OD ¢ Figure 5
) pointer
interference on
background P1
LC
2
9 5.4.6.5 Failure to danger Direct sunlight 1x105 Ix Analysis of the electro optical
. on background subsystem and test on component
interference on level
background -
C-test only
10 54.6.7 Failure to danger Laser beam Between Max OD ¢ | Max OD ¢ Figure 7
pointer 0,7 mW and
Interference_on 1 mW
sensing device -
LC LC
2
11 5.4.6.7 Failure to danger Incandescent 3 000 Ix Max OD ¢ | Max OD ¢ Figure 7
Interference on -
sensing device
2 LC LC
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Num- Sub- Test related to Light source Light Test piece position Note
ber clause position 2 intensity
Test sequence Imageb Imageb
centre corner
12 5.4.6.7 Failure to danger Line frequency 3 000 Ix Max OD ¢ | Max OD ¢ Figure 7
fluorescent
Interference on
sensing device -
LC LC
2
13 5.4.6.7 Failure to danger High frequency | 3 000 Ix Max OD ¢ | Max OD ¢ Figure 7
fluorescent
Interference on LC
enncing device -
LC
2
14 5.4.6.7 Failure to danger | Flashing Max OD ¢ | Max OD %) |-Figure 7
beacon
Interference on
sensing device 3 meter
distance LC LE
3
15 5.4.6.8 Normal operation - 100 Ix Max OD¢
Low level light -
during B test
B test only LC
16 5.4.6.8 Failure to danger - <=100 Ix Max OD ©
Fading light - <=100 Ix
during C test
C test only LC
17 5.4.6.5 Failure to danger Emitting device {\: Max OD © Figure 6
of PAPT of
Interference on identical design
background
- LC
3
a8 [fposition of the light sources (see Figure 6\or Figure 7)
b llocation of image centre or image_cornér and the operating distance implies the location of the detection zone
¢ Max OD Maximum operating distance between the VBPDST sensor and the test piece in the detection zdne

Addition:

5.4.4.4

The

Normal‘operation — Interference on background

ESPE-«shall continue in normal operation throughout test sequence 1 in 5.4.6

3 of

IEC $1496:1:2020 using light sources of 5.4.6.2 of IEC 61496-1:2020, positioned outsid¢ the
detegtion,zone and illuminate the detection zone and the background.

Tests shall be carried out in accordance with Table 432.

Light intensity shall be measured according to Figure 5:

a) the incandescent light source of 5.4.6.2 of IEC 61496-1:2020 placed at P1 producing a light
intensity of 1 500 Ix. The test shall be performed with the incandescent light source beam
moved slowly at a speed between 0,1 m/s and 1,0 m/s over the background through the
optical axis and the corners of the detection zone;
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b) single incandescent light source of 5.4.6.2 of |IEC 61496-1:2020 placed at P2 with a

c)

spherical object held in front of the light source and outside the detection zone and the
tolerance zone producing a shadow on the background surface. The size of the shadow
shall be larger than the detection capability but less than 50 % of the projected area on the
background of the minimum detection zone. On the background the light intensity shall be
1 500 Ix in the bright area and < 750 Ix in the shadow;

the flashing beacon light source of 5.4.6.2 of IEC 61496-1:2020 shall be placed at P2
outside of the detection zone and the tolerance zone but at least at 2 m in height from the
background;

If the supplier states higher immunity levels than 1 500 Ix for this case, normal operation up to

this llevel and no fail to danger above shall be verified by the test above.

Key

1 - YBPDST 4 — Interfering light source P2 7 — Test piece

2 — Ambient light source 5 — Luxmeter 8 — Projected area
3 — Interfering light source P% 6 — Minimum detection zone

5.4.4.5 Failure to danger — Interference on background

IEC

Figure.5'= Test setup for indirect light interference on the background

The [ESPE shall not fail to danger throughout test sequences in accordance with Tablg 432
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background illuminated.

Light intensity measurements shall be measured according to Figure 5.

a)

b)

The incandescent light source of 5.4.6.2 of IEC 61496-1:2020 placed at P1 producing a light
intensity of 3 000 Ix. The test shall be performed with the incandescent light source beam
moved slowly at a speed between 0,1 m/s and 1,0 m/s over the background through the
optical axis and the corners of the detection zone;

The laser beam pointer of 5.4.6.2 of IEC 61496-1:2020 placed at P1 producing a laser beam
with a maximum diameter of 5 mm on the background. The test shall be performed with the
laser beam pointer moved slowly at a speed between 0,1 m/s and 1,0 m/s over the
background through the optical axis and the corners of the detection zone;
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c)

d)

The VBPDST with PAPT shall not fail to danger in the presence of a PAPT emitting device

of identical design (see Figure 6);

The VBPDST shall not fail to danger by illumination of the background of 10°% Ix.
requirement shall be verified by:

— the analysis of the electro optical subsystem considering 4.2.12.1;
— or by testing at those levels with appropriate light sources.

This

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.

5.4.4.6 Normal operation — Interference on'sensing device

The [ESPE shall continue in normal operation throughout test sequence 1 in 5.4.6
IEC $1496-1:2020 using the light sourcesvof 5.4.6.2 of IEC 61496-1:2020.

Test$ shall be carried out in accordance with Table 432. The system shall be configured
the minimum detection zone located in the corner of the detection zone.

Ligh{ intensity measurements’ shall be made on the sensing device and perpendicular tq
optidal axis.

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

b) The linesfrequency fluorescent light source of 5.4.6.2 of IEC 61496-1:2020 producing a
imtensity. of 750 Ix and illuminating the sensing device adjacent to the tolerance zon¢ but

c)

VBPDST of identical design VBPDST

N

Test piece

IEC

Figure 6 — Test setup for VBPDST of/identical design with PAPT

11500 Ix and illuminating the sensing device adjacent to the field of view of all img
SENSOrs;

utside the detection zone;

3 of

with

b the

ty of
ging

light

I'ne high frequency fluorescent light source of 5.4.6.Z o1 [EU 61496-1:2020 producing a

light

intensity of 750 Ix and illuminating the sensing device adjacent to the tolerance zone but

outside the detection zone.

The ESPE shall not go to the ON-state when the test sequence requires it to be in the OFF-state.

The luxmeter shall be positioned on the sensing device and perpendicular to the optical axis.
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Key

2 _
31

5.4.9.

The

using each of the light sources 0f.5.4.6.2 of IEC 61496-1:2020 positioned outside the dete

Zoneg

Light
optic

5.4.4
With

inten

IEC

BPDST 4 — Luxmeter 7 — Projected area
Ambient light source 5 — Minimum detection zong
nterfering light source 6 — Test piece
Figure 7 — Test setup for direct light interference on the sensing device
7 Failure to danger — Interference on sensing device
ESPE shall not fail to danger(throughout test sequences in accordance with Table

and adjacent to the tolerance zone, illuminating the sensing device.

intensity measurements shall be made on the sensing device and perpendicular tq
al axis.

.8 Low lighting level test

the VBRDST in normal operation, a B test shall be carried out with an ambient
sity ©0f™M00 Ix.

With
light

432
ction

the

light

is decreased until the OSSDs gd to the OFF-state.

5.4.7 Pollution interference

bient

A systematic analysis of the design of the VBPDST shall be carried out to decide which tests
(if any), test methods and test conditions are appropriate to satisfy the requirements of 4.3.7.
If tests are necessary to be carried out, a C test(s) shall be carried out to verify for no failure to
danger.

Examples of possible pollution are:

— polluted window by particle, water-drops or dust.
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5.4.8 Manual interference

Immunity against coverage shall be tested as follows:

5.4.9 Optical occlusion

The objects used for simulating coverage shall be a circular opaque test spot with the
diameter of 10 mm and a second test spot with the size and shape to cover the complete
optical window of imaging device and emitting element(s) of the PAPT device if applicable;

During the tests, the spot shall be placed consecutively on each optical window;

For systems where the optical windows (or other relevant parts) have a diameter larger than
10 mm, the test spot shall be placed at a position most relevant to the detection capability
of the VBPDST;

est for each covered part of the VBPDST whether the simulated manual interferencJa will
ad to an OFF-state of the OSSDs within a time period of 5 s or does not reduce the s{ated
tection capability;

FF-state of the OSSDs, actuation of the restart interlock (if applicable) @r’a new powér up
oes not lead to an ON-state of the OSSDs. If a restart interlock is fitted, the OSSDs ghall

i
I

d

Tlests shall be carried out to verify that when simulated manual interference leads to an
d

d

stay in the OFF-state when the covering test spot is removed.

Optigal occlusion on the window, in the zone with limited detection capability or in the deteftion
zone shall not reduce the stated detection capability. These tests shall be carried out to test for

failufe to danger.

Immunity against the effect of optical occlusion within”the detection zone shall be testdd as

folloys:

a) The object used for simulating optical occlusion shall be a cylinder with a minimum effetive

b)
c)

d)

ngth of 0,3 m. The diameter of the oceluding object shall be 5 mm unless determined
herwise by the analysis of 4.3.9.5Fhe surface of the occluding object shall haye a
cpefficient of diffuse reflection of les§’than 20 % at:

the wavelength of the illumination for VBPDST with PAPT;
the wavelength of maximum sensitivity of the sensor for VBPDST with AIT.

uring the test, the axis'ofithe occluding object shall be perpendicular to the optical axis of
ne of the imaging devices;

he detection zonéshall range from the minimum to the maximum operating distance, when
pplicable;

he test shall:be carried out by placing the occluding object in the detection zone as |near
possiblé. to the VBPDST and in the zone with limited detection capability umless
determined otherwise by the analysis of 4.3.9. A black test piece (BTP, see 4.2.13.6) and
drey background (GB) shall be used. If the occluding object does not lead to the OFF-state
ther OSSDs, a B test shall be performed otherwise a C test shall be performed;

e) C-tests shall be performed to verify that the stated detection capability is maintained in the

f)

presence of optical occlusion. The black test piece (BTP) shall be moved through the optical
occlusion as close as possible to the occluding object and at the stated maximum detection
distance;

Additional tests shall be carried out when the analysis of 4.3.9 shows that the following can
affect the immunity to optical occlusion:

1) distances between the VBPDST and the occluding object other than those stated above;
2) dimensions of the detection zone other than the maximum;

3) other distances between the occluding object and the test piece;

4) different diameters of the occluding object at different distances from the VBPDST;

5) different positions of the occluding object in front of the VBPDST;

6) and/or more than one occluding object.
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Marking for identification and for safe use
clause of IEC 61496-1:2020 is applicable except as follows:

General

Addition:

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

7 Accompanying documents

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

Addition:

The pccompanying documents shall contain the following information.where applicable:

nn) application examples showing the tolerance zone(s);

00) dimensions of maximum and minimum detection zone(s)/and tolerance zone(s) togéther
with information about a reference point relatives to the sensing device forl the
determination of the detection zone;

pp) information about the minimum required distance’between the border of a detection gzone
and the surrounding environment without:detecting, for example, walls or parfs of
machines in order to ensure reliability in‘operation;

qaq) instructions for setting the detectionczone(s) including consideration of the tolerpnce
zone(s) and details on other optionalfunctions of the VBPDST, described in Annex| A of
this document if these options are available. A clear statement shall be given wher| one
or more zone(s) is(are) described, whether its(their) description is related tq the
detection zone(s) as defined_in 3.4 or the combination of the detection zone(s) and the
tolerance zone(s);

rr) information about the-behaviour of the VBPDST in the presence of smoke and dust;

ss) information on how the detection capability can be affected if the VBPDST is used within
an additional housing. For example, additional housings may have an influence on the
detection capability and the detection zone;

tt) if appropriate for the application(s), an indication on the floor of the detection gone
should ©e-recommended;

uu) instructions on how to document on paper the setting of the detection zone(s) togé¢ther
with 'date, serial number of the VBPDST and identification of the person responsible;

vV) instructions to follow when the VBPDST can be influenced during normal operation|by a
VBPDST of identical design;

ww) potential problems not covered by the requirements of this document; especially
information concerning external influences which are not covered by this document and
which can decrease the stated detection capability. Examples can include weld splatter,
infra-red remote control devices, different fluorescent light sources, snow, rain, pollution
and thermal convection;

XX) relevant information concerning the need to check periodically the optical window(s) for
damage (depending on the application);

yy) relevant information concerning the need to check periodically the mounting of the
VBPDST for correctness and to check for possible misalignment of the detection zone(s)
(depending on the device and the application);

zz) information as required by 4.1.6 if the VBPDST possesses one or more zone(s) with

limited detection capability;
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aaa)

bbb)

information regarding the maximum speed in the worst case direction within the
detection zone of the VBPDST of an object having the minimum detectable size (see
4.2.12.5);

instruction that dimensions resulting from detection capability and object intrusion
considerations shall be added to the safe distance calculations of ISO 13855. This is
because response time specifications assume that the object is entirely within the
detection zone before it is detected.
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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.

Additien:

A.1Q Selection of multiple detection zones

A.1
If a

Wherle the input signals are derived from device(s) external‘to‘the VBPDST, the latter sh
mee{ the relevant requirements of other appropriate standards (for example 1SO 1384
IEC 61508, IEC 62061).

Single faults that prevent an intended change from: one selected zone to another or preven
activiation of an additional safety-related detectioh zone shall cause the VBPDST to go
lockqout condition when a demand requires anzactivation of another zone or an activation
addifional zone. The specified response time(s) shall be maintained 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, in"size on-line for example by external inputs, the {
requ|rement applies.

If the user sets multiple détection zones, then the user shall have the possibility to conf

the

incolrect sequence jofactivation of the detection zones is detected, the VBPDST shall res
by going to a lock=out condition.

The possibility)that persons may already be within a detection zone at the moment of switg
between different detection zones should be considered.

NOTH 2> The automatic selection of safety-related detection zones is not a muting function (as descri

0,1 Functional requirements

gequence of activation of the detection zones which is monitored by the VBPDST.

BPDST has more than one safety-related detection zone, a single fault shall not lead to
an upintended change from one selected zone to another zone. In cases where a single
which does not cause a failure to danger of the VBPDST is not detected, the occurren
furthpr faults internal to the VBPDST shall not cause a failure to danger.

fault
ce of

ould
19-1,

t the
to a
bf an

ame

gure
If an
bond

hing

ed in

Clause A.7 of IEC 61496-1:2020).

A.1

0.2 Verification

Verify by inspection or test that:

a) a single fault does not lead to an unintended change from one selected zone to another
zone; a single fault does not prevent an intended change from one selected zone to another

b)

or prevent the activation of an additional safety-related detection zone; a further faul
not lead to a failure to danger (according to 5.3.4);

t will

common-mode failures cannot lead to a deactivation or variation of the detection zones;

the specified response time of the VBPDST is maintained in the case of switching between

different detection zones;
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d) the user has the possibility to configure the sequence of activation of the detection zones
which is monitored by the VBPDST;

e) the VBPDST goes to the lock-out condition when the sequence of activation differs from that
configured by the user.
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Annex B
(normative)

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
Wropg column addressing None
Crogstalk between lines, columns and pixels None
Stat|c image (no new image) None
Studk at high pixel None
Stugk at low pixel Nene
Chapge in register settings, if applicable None
Failyre in the analog to digital converter, if applicable None
Faildre in data pre-processing, if applicable (see Figure 1) None
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Annex AA
(informative)

The positioning of VBPDST employing a volume as a detection
zone in respect of parts of the human body

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

AA.1.1 General

NOTH 1 ISO 13855 provides a methodology to determine the minimum distance S from specific sensing\or ‘actpating
devices of protective equipment to a danger zone. Clause 6 of ISO 13855:2010 details the calculation,of minimum
distarjces 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
methqdology will be presented to the committees preparing 1ISO 13855 and IEC 62046 for adoption and integfation
in the|r standards.

Whenh calculating minimum distances, the requirements and formulae given by ISO 13855:2010,
Clauge 6 should be taken into account including additions given by Clauses AA.1.2 to AAJ1.4.

ISO [13855 distinguishes in the calculation of the minimum distance between:

- dEtection zone orthogonal to the direction of approachyand

— detection zone parallel to the direction of approach:
Both|cases can be applied for a three-dimensionaliyolume; 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 egual minimum distance S in the cases descflibed
beloyw. For the Formulae (AA.5) to (AA.9)xit is considered that the outer shell of the three-
dimensional detection zone is normal to-the reference plane, e.g. floor. Other shapes sugh as
ball-shaped or trapezoidal need further€onsideration. In addition, possible circumventing| of a
VBPPST by reaching over the,.detection zone has to be addressed according to
ISO [13855:2010, Table 1.

To epsure that the value Cggraccording to 1ISO 13855:2010, Table 1 is smaller than the value

of ((] + d) calculated according to the formulae below independent of the height a of the hdzard
zong| the height b of the upper edge of the detection zone of the VBPDST should be 1 400 mm
as aminimum for a detection capability > 55 mm and 2 400 mm as a minimum in all other c3ses.

NOTH 2 A height*"equal or greater than 1 400 mm respectively 2 400 mm means that there is no popsible
circumpventing af an ESPE according to ISO 13855 by reaching over the detection zone.

AA.1.2, (Calculation of the overall minimum distance Sy

Whe I bdibuidtillg tilc biLU Ul vuiumc Uf d LUIIT tildt ib uacu' iU pIUVCIIt d PETSUTI IUdbiIillg the
hazard zone before the termination of the hazardous machine function, an overall minimum
distance S, should be calculated by Formulae (AA.1) or (AA.4) as is appropriate. Formula (AA.2)
is a general formula given by ISO 13855.

So=8+S, (AA.1)

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

Sy=C,+d (AA.3)


https://iecnorm.com/api/?name=4fb1533d2c85fd300b522a4f05b7e08c

—-40 - IEC TS 61496-4-3:2022 © |[EC 2022

So=(KxT)+C+C,+d (AA.4)

where:

S

(o]

is the overall minimum distance, in millimetres, combining the minimum distance S and
an additional distance S;

is the minimum distance, in millimetres, from the hazard zone to the detection point, line,

NOTH
detec
correq
the a
satisf
(i.e. d|

AA.1

The

having a detection capability in the range > 40 mm and < 55 mm

wher

nlana aor zana-
plahe-orzohe;
is an additional distance, in millimetres, combining the effects of systematic andrarfjdom
influences;

is a parameter in millimetres per second, derived from data on approach speeds of the
body or parts of the body (see ISO 13855 for details);

is the overall system stopping performance in seconds;

is an additional distance in millimetres, based on the distance, which a part of the pody
may be moving towards the hazard zone prior to the actuationzof the protective devife;

is an additional distance in millimetres, based on the tolerance zone of the proteftive
device to satisfy systematic and random influences;

is the sensor detection capability of the device, in milimetres (mm), i.e. the dimensipn of
the test piece.

Protective devices employing a volume as a detection Zene'will normally require a test piece to be insigle the
ion zone with a dimension of at least its stated detection capability. This is taken into account Hy the
ponding test procedures (see for example Clause 5).Therefore, the dimension of the test piece (d) is gart of
ditional distance S, in the Formulae (AA.3) and (AA:4). If partial intrusion (see Clause AA.1.5, Example 2)
es the requirements of this document, then only therelevant portion of the dimension d is used in those forpnulae

in Figure AA.4 to Figure AA.6).

.3 Vision based protective devices with a detection capability > 40 mm and
<55 mm

Mminimum distance S in millimetres should be calculated by Formula (AA.5) for VBRDST

S = (K x T) + C40 + C55 (A/\5)

e

is/the minimum distance, in millimetres, from the hazard zone to the detection point,|line,

nlane - orzone-
pahe-0+—X£0he6;

is a parameter in millimetres per second, derived from data on approach speeds of the
body or parts of the body (see ISO 13855 for details);

is the overall system stopping performance in seconds;

is an additional distance in millimetres, based on formulae given by ISO 13855 with
Cyo=8(d—14 mm) =8 (40 mm — 14 mm) = 208 mm;

is an additional distance in millimetres, based on the formula Cg5 = 12 (d — 40 mm);

is the sensor detection capability of the device, in millimetres (mm), i.e. the dimension of
the test piece.
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Then

NOTE

S=(Kx T)+208 mm + 12 (d — 40 mm) (AA.6)

S=(KxT)+12d—-272 mm (AA.7)

1 The formula for Cy is derived from an estimation based on data given by B. Flugel, H. Greil, K. Sommer,
Anthropologischer Atlas, Verlag Tribline Berlin 1986, ISBN 3-7303-0042-3.

NOTHE
manu

AA.1

The minimum distance S in millimetres should be calculated by Formula>(AA.8) for VBH
having a detection capability in the range > 55 mm and < 200 mm.

where:

N @
O & O &

2 For the calculation of C,, the value of d is 40 mm irrespective of the detection capability stated A
acturer. For the calculation of Cgg, the value of d is the detection capability stated by the manufagturer.

.4 Vision based protective devices with a detection capability > 55 mm-“and
<200 mm

y the

DST

S=(KxT)+C (AA.8)

the minimum distance, in millimetres, from:the hazard zone to the detection point,
lane or zone;

line,

a parameter in millimetres per second;@erived from data on approach speeds of the pody

r parts of the body with K = 1 600 mmys“(see 1SO 13855 for details);

T ig the overall system stopping performance in seconds;
C i$ an additional distance of 850 mm; according to 1ISO 13855 this value is considered {o be
the standard arm reach.
Ther| see Formula (AA.9):
S=(1600 mm/s x T) + 850 mm (AA.9)
AA.1.5 Examples of detection zone and tolerance zone
For description of abbreviations used in Figure AA.1 to Figure AA.6, see Clause AA.1.2.
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Side view
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Figure AA.1 — Minimum distance S > Example 1

Accgrding to the general description of the test précedure in 5.2.1.1, the test piece shdll be
dete¢ted when placed inside the detection zone asfar as the stated detection capability d

Side view

3
S S S S S S S SSSSSSSSSSASSS
S LS,
-— =
- So -

IEC

Key
1 — Hazard zone
2 — Test piece

3 — Detection zone

Figure AA.2 — Overall minimum distance S, without tolerance zone — Example 1

The dimension of the detection capability d shall be added to the minimum distance S to ensure
the correct distance between the hazard zone and an object.
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Side view
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2 — Test piece

3 — De¢tection zone

Rigure AA.3 — Overall minimum distance S, .including tolerance zone — Example {

To gchieve the required minimum probability, of detection, the tolerance zone has tp be
conslidered in addition to the detection zone:The tolerance zone depends on position accyracy
composed of systematic (STZ) and randomrinfluences (PTZ). Even if a measured distance yalue
of a fest piece falls into the tolerance zone, this test piece will be determined as detected and
the @SSDs will go to the OFF-state.or remain in the OFF-state.
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Side view
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1 — Hazard zone
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3 — De¢tection zone

+d2

Figure AA.4 — Minimum distance S — Example 2

Accgrding to the general description of the test procedure in 5.2.1.1 the test piece shall be
detegted when placed inside the detection zone as far as the stated detection capability|d. If
partigl intrusion of an object into the;detection zone as shown by the dimension ¢, in

Figufe AA.4 leads to detection, then the'dimension d, shall be added to the minimum distance §
to erlsure the correct distance between the hazard zone and an object, see Figure AA.S.
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Side view
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d, — see Figure AA.4

Figure AA.5 — Overall minimum distance Sy without tolerance zone — Example 2
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Figure AA.6 — Overall minimum distance S, including tolerance zone — Example 2
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To achieve the required minimum probability of detection, the tolerance zone has to be
considered in addition to the detection zone. The tolerance zone depends on position accuracy
composed of systematic (STZ) and random influences (PTZ). Even if a position of a test piece
falls into the tolerance zone, this test piece will be determined as detected and the OSSDs will
go to the OFF-state or remain in the OFF-state.

AA.2 Application examples for body detection of a VBPDST employing a volume
as a detection zone

The application example (see Figure AA.7) shows a robot working station. The entry of persons

is prevented on two sides by walls or safely fences (fop view). The eniry from the othef two
sideg is monitored by a VBPDST. If a person enters the detection zone, the robot stods its
movément.

The pafety distance S should be calculated in accordance with the examples|given in AN.1.5

and the VBPDST accompanying documents. Furthermore, the distance to\the walls (&), the
distance to the floor (b) and the height of the detection zone (H) should be calculated in
accordance with the VBPDST accompanying documents and the risk assessment.

The VBPDST can be mounted at different positions. Side view. 1*and side view 2 show two
possjble solutions and the shape of the resulting detection zope(4) and the adjacent tolerpnce
zong (5).
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/ Side view 1 Side view 2
1 (VBPD position 1) (VBPD position 2) 5
% ]
IEC
Key
1 - VBPDST position 1 5 — tolerance zone S, S, — Safety distance according AA.1.2
2 — VBPDST position 2 6 — direction of approach H — height of detection zone over the reference plane
e.g. floor
3 — robot 7 — hazard zone a — distance to the reference plane e.g. walls
4 — detection zone b — distance to the reference plane e.g. floor

NOTE The dimensions of @ and b are according to the risk assessment.

Figure AA.7 — Application example for body detection
of a VBPDST employing a volume as a detection zone
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Annex BB
(informative)

Relationship between position accuracy and
tolerance zones for VBPDST

BB.1 Probability of detection

Probability of detection as used in this document is determined by the accuracy of measurement

and

test
zone

This
(Gau

One
VBP
Figu
in on

s not related 1o the probability or Taults. T'he probability with distribution Tunction fp 1

biece placed at the border of the detection zone is measured as being inside the dete
can be calculated by using the normal distribution function F per Formula (BB:1Y).

e
FD(,u):1—F(,u):’I— 1 je 2\ o dz =05 (BB
oN2r

calculation is based on the assumption that the measufement values follow a ng
ssian) distribution.

DST (ON or OFF state of the OSSDs) for systems not providing object distance informg
e BB.1 shows the relationship between testpiece position and the probability of dete
e direction. Other directions may have tobe considered accordingly.

hat a
ction

rmal

method to measure the probability of detectionis“to use the detection information of the

tion.
ction
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Figure BB.1 — Relationship between test piece position and the probability of detection

Accdrding to the relationship shown in.fFigure BB.1, a test piece will be measured as insid¢ the
detegtion zone with a probability of 0,5 at the position z = u. Without any addition to the deteftion
zone, the probability of detectioniwould be unacceptably low. It is a requirement of| this
document that the supplier states an addition which is called the tolerance zone. Seyeral
different influences contribute to the tolerance zone as defined in this document.

BB.2 Tolerance zone related to probability

One part of the telerance zone S, is related to probability (PTZ). The probability that a test piece
is m¢asuredas‘being inside the detection zone can be calculated according to Formula (BB.2).

4 #=Sc 71(27/1\2
Fp(u—-50)=1- i J e s\ 7/

—00

dz=1-2,9%x10"' (BB.2)

This calculation is based on the assumption that the measurement values follow a normal
(Gaussian) distribution. When configuring the detection zone, a tolerance zone related to the
deviation of 5 ¢ should be added to the calculated safety distance (detection zone). Then the
probability that it will be measured as inside the detection zone is 1 —2,9 x 1077,
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BB.3 Determination of tolerance zone for systems not providing object distance

information

A practical way to measure o is to measure the probability of detection at different positions z;

near to the outer border of a fix detection zone under worst case conditions and to recalculate
o by differentiation of the discrete probability of detection values F(z;) (as shown in

Figure BB.2).

A

100

Number of detection by 100 measurements

o0
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50
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b0
10
0
\$\

Figure BB.2 — Example fg)r\h\\easurement of the probability of detection
b\

The [standard deviation o o.f@bGaussmn distribution is calculated for example by

Formula (BB.3): (')\

®§)0= Z?:z(F(Z,-)-F(Zi_O)X[Z" +22i_1 —ﬂj
& o) F (e

(BB

.

(m)

IEC

sing

£ Ll L £ 5 ) 4l b b - (] 5 b (! L - -
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the detection zone to the number of all measurements at the position z,.

side

u, the maximum of the Gaussian distribution (F(x) = 0,5) is also a numerical value calculated

for example by using Formula (BB.4):

(BB.

4)
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