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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 comgrising
all national electrotechnical committees (IEC National Committees). The objectxof IEC is to prpmote
infernational co-operation on all questions concerning standardization in the electrical and electronic fields. To
th|s end and in addition to other activities, IEC publishes International Standards, Technical Specificdtions,
Tgchnical Reports, Publicly Available Specifications (PAS) and Guides¢ (hereafter referred to as| “IEC
Pdyblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intefested
in| the subject dealt with may participate in this preparatory work.  International, governmental and| non-
gqvernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates c]osely
with the International Organization for Standardization (ISO) in dccordance with conditions determingd by
adreement between the two organizations.

THe formal decisions or agreements of IEC on technical matters\express, as nearly as possible, an interndtional
cgnsensus of opinion on the relevant subjects since each)teChnical committee has representation frgm all
inferested IEC National Committees.

IEIC Publications have the form of recommendations ‘for’international use and are accepted by IEC Ndtional
Committees in that sense. While all reasonable efforts are made to ensure that the technical content qf IEC
Pyblications is accurate, IEC cannot be held responsible for the way in which they are used or fgr any
misinterpretation by any end user.

In] order to promote international uniformity”;I[EC National Committees undertake to apply IEC Publicgtions
trgnsparently to the maximum extent pessible in their national and regional publications. Any divergence
bdtween any IEC Publication and the cersesponding national or regional publication shall be clearly indicated in
the latter.

IEIC itself does not provide any.aitestation of conformity. Independent certification bodies provide confprmity
agsessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fqr any
sgrvices carried out by independent certification bodies.

N¢ liability shall attach-to IEC or its directors, employees, servants or agents including individual experts and
members of its technieal committees and IEC National Committees for any personal injury, property damage or

exXpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othef IEC

Attention is drawn to the Normative references cited in this publication. Use of the referenced publicatipns is

on 0 ha b ject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

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

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.
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IEC TS 61496-4-3, which is a technical specification, has been prepared by IEC technical
committee 44: Safety of machinery — Electrotechnical aspects.

The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
44/711/DTS 44/722/RVC

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

This [publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
This|part is to be used in conjunction with IEC 61496-1:2012.

This|part supplements or modifies the corresponding clauses in I[EC 61496+1:2012 to specify
particular requirements for the design, construction and testing of electro-sensitive protective
equipment (ESPE) for the safeguarding of machinery, employing Vision based protefrtive
deviges (VBPD) using stereo vision techniques (VBPDST) for the sensing function.

Whefe a particular clause or subclause of Part 1 is not mentighed in this Part 4-3, that clpuse
or sUybclause applies as far as is reasonable. Where this part states "addition", "modificdtion"
or "replacement", the relevant text of Part 1 shall be adapted accordingly.

Clauges and subclauses which are additional to_thése of Part 1 are numbered sequentjally,
folloying on the last available number in Part 1. Terminological entries (in Clause 3) whicl are
additional to those in Part 1 are numberedstarting from 3.4301. Additional annexeq are
lettered from AA onwards.

A ligt of all parts in the IEC 61496.'series, published under the general title Safefy of
machinery — Electro-sensitive protective equipment, can be found on the IEC website.

The committee has decided that'the contents of this publication will remain unchanged |until
the stability date indicated( on the IEC web site under "http://webstore.iec.ch" in the |data
related to the specific publication. At this date, the publication will be
e transformed into-an/International standard,

—

pconfirmed,

=

ithdrawn;

—

bplacédby a revised edition, or

° almended.

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

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.
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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 technical specification 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 required. They considered
that ifthis—highle i ished these de i : agt be

suit
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Replacement:

This|part of IEC 61496 specifies requirements for the design, construction and testin
elecfro-sensitive protective equipment (ESPE) designed specifically to-detect persons or
of persons as part of a safety-related system, employing vision-based protective de
(VBRDs) using stereo vision techniques (VBPDST) for the sensing_function. Special atte
is directed to features which ensure that an appropriate Safety-related performand
achigved. An ESPE may include optional safety-related functions, the requirements for
are given in Annex A of IEC 61496-1:2012 and this Technical Specification.

This|part of IEC 61496 does not specify the dimensions or configurations of the dete
zong and its disposition in relation to hazardous parfs for any particular application, nor
constitutes a hazardous state of any machine. |t\is restricted to the functioning of the B
and

The |detection principle is based on thevevaluation of images from different viewing p
(sterposcopic view) for the determination of distance information. This distance informati
used to determine the location of an_object(s).

-8- IEC TS 61496-4-3:2015 © IEC 2015

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

how it interfaces with the machine.

Tlhis part of IEC 61496 is limited to vision based ESPEs with distances (stereo base
directions between the different imaging devices fixed during manufacture.

I1 is limited to vision _based ESPEs, with a minimum distance from the sensing devi
the detection zone_of'4 times of the stereo base.

11 is limited to vision based ESPEs that detect objects entering into or being present

g of
barts
ices
htion
e is
hich

ction
what
SPE

bints
DN is

and

e to

er in

na

detection zone(s).

1 500 nm.

This part of IEC 61496 does not address those aspects required for complex classification

or differentiation of the object detected.
This part of IEC 61496 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 Figures of 4.1.2 (e.g. changing backgrounds, horizontal

orientation of the optical axis with respect to the floor);
Intended for outdoor applications.
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This technical specification is relevant for VBPDSTs having a stated detection capability up to
200 mm.

This technical specification may 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 technical specification does not deal with EMC emission requirements.

2 Normative references
Addition:

IEC $0825-1:2014, Safety of laser products — Part1 — EquipmentOcilassification | and
requjrements

IEC $1496-1:2012, Safety of machinery — Electro-sensitive protective equipment — Pqrt 1:
General requirements and tests

IEC 62471, Photobiological safety of lamps and lamp systems

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

ISO 0471, High visibility clothing — Test methods and requirements

3 Terms and definitions
Replacement:

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

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

[SOURCE_IEC 61496-1:2012, 3.3, modified — text changed to make more relevant to vjsion
based s€nsors.]

3.4
detection zone, <of a VBPDST>

three-dimensional volume (for example, in the shape of a pyramid or cone) within which a
specified test piece will be detected by the VBPDST

3.5

electro-sensitive protective equipment

ESPE

Addition:

Note 3 to entry: lllumination unit(s), if applicable, is/are part(s) of the sensing device.

Additional definitions:
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3.4301
minimum detection zone
lowest dimension of the detection zone for a test piece moving with maximum speed

Note 1 to entry: This is the lowest dimension that ensures the integrity of the detection capability.

3.4302
evaluation images, pl
set of images which are used by the detection algorithms

SEE: Figure 1.

Optics

Imaging sensor

Sckne o )

Data pre

> proces_sing - df. N
applicable

Image in sensor plane

Figure 1 — Image‘planes in imaging device of a VBPDST

3.43p3
image, <of a VBPDST>

snapshot representation\'of the scene in different planes of the VBPDST in form of a

dimgnsional pixel matrix

3.4304

visign based-protective device using stereo vision techniques
VBPPST

VBPD withytwo or more imaging devices using stereo vision techniques

Evaluation image

IEC

3.4305
imaging sensor

two

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

image

SEE: Figure 1.

3.4306
imaging device
combination of an imaging sensor, optics and the processing unit (if applicable)

SEE: Figure 1.

Note 1 to entry: The imaging devices are part of the sensing device.
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3.4307
operating distance
distance measured along the z-axis of the sensing device coordinate system

3.4308
pixel, <of a sensor>
smallest light sensitive element of an imaging sensor

3.4309
pixel, <of an image>
area of the smallest element that can be distinguished from its neighbouring elements

3.4310

ambjent illumination technique
AIT
technpique that relies on scene lighting for illumination and contrast_to’obtain r
meagurements

3.43(1

patteérn projection technique

PAP

technique that uses a special projection to enhance the contrast-of a scene

3.4312
senging device coordinate system
coorflinate system oriented to the sensing device

Note | to entry: Typically the z-axis is parallel to the optical’axis of one imaging device.

3.4313

tolenance zone

zong outside of and adjacent to the detection zone within which the specified test pie
detegted with a probability of detection lower than the required probability within the dete
zone

Note | to entry: The tolerance zong¢'is necessary to achieve the required probability of detection of the spe
test piece within the detection zone. For explanation of the concept of probability of detection and the tole
zone,|see Annex BB.

3.4314
user|coordinate system
coorflinate system that may be configured by the user

3.4315
zong with limited detection capability

hnge

ce is
ction

cified
rance

volume—between—the—detectionzone—a

detection capability is not achieved

3.4316
stereo base
distance between the entrance pupils of two imaging devices

Note 1 to entry: The expression baseline is often used as synonym for stereo base.

3.4317
position accuracy
accuracy in three dimensions of the position of an object as measured by VBPDST

Addition:

ated
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Abbreviated terms

AIT Ambient illumination technique

BTP Black test piece

GB Grey background

GTP Grey test piece

Ix Lux

LC Low contrast

oD Operating distance

P1 Position 1 of the light source

P2 Position 2 of the light source

PAPIT 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 opefation tests)
TI Typical illumination (illumination used for normal‘operation tests)
VBPDST Vision based protective devices using stereokvision techniques
WTP White test piece

4 Functional, design and environmental requirements
This|clause of Part 1 is applicable except as follows:

4.1 Functional requirements

Replacement:

4.1.2 Sensing function

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

Object(s) in the zane with limited detection capability shall not reduce the detection capabpility
withiph the detéction zone. Any reduction of the detection capability shall be detected andg the
VBPPST shall/go to lock-out condition (see 4.2.2.4).
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Key

1-M
2-U
3-8
syste

NOTH
to the|

IEC
Bximum operating distance 4 - Sensing device 7 - Detection zone
Eer coordinate system 5 - Zone with limjted detection 8 - Tolerance zone
capability
ensing device coordinate 6 - Stereo-base 9 - Stereo field of view

m
The figure shows a system with parallel axes and a maximum operating distance on a plane perpend

axes.

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

icular
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)
Y
IEC
Key
1- M3@ximum operating distance 4- Sénsing device 7- Detection zone
2- Ugder coordinate system 5~-Zone with limited detection 8- Tolerance zone
capability
3- S¢nsing device coordinate system 6- Stereo base 9- Stereo field of view
NOTH This figure shows asystem with parallel axes and a maximum operating distance on a plane perpend
to thelaxes.
Figure 3 — 2D view of a vision based protective device using
stereo vision techniques (VBPDST)

icular
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Additional functional requirements:

4.1.21 General

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.

The |supplier shall specify the limits of detection capability. The supplier shall take| into
account worst case scenario considering all influences listed in this technical spegifichtion
including, for example:

— sjgnal-to-noise ratio;

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

— position of the image in sensor plane;
4.1.2.2 Optical performance

The VBPDST shall be designed and constructed to:

a) limit the possibility of malfunction during exposure_to extraneous radiation in the range of
0 nm to 1 500 nm;
b) limit the effects of environmental influences’ (temperature, vibration and bumps, gust,

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

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

Replacement:

In th||:S part of IEC 61496, only a type 3 ESPE is considered. It is the responsibility of the
machine supplier and/er the user to prescribe if this type is suitable for a partigular
application.

The |type 3 ESPE shall fulfil the fault detection requirements of 4.2.2.4 of this part of
IEC 61496.-In) normal operation, the output circuit of each of at least two output sjgnal
switghing-devices (OSSDs) of the type 3 ESPE shall go to the OFF-state when the sensing
devigeds actuated, or when the power is removed from the device.

Addition:

4.1.6 Zone with limited detection capability

A zone between the optical window and the beginning of the detection zone is referred to as a
zone with limited detection capability. In order to ensure that no hazard can arise in a
particular application due to the presence of objects in the zone between the optical window
and the detection zone, its dimensions and appropriate information for use shall be provided
by the supplier.
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4.2 Design requirements
4.2.2 Fault detection requirements
4.2.2.2 Particular requirements for a type 1 ESPE

This subclause of Part 1 is not applicable.

4.2.2.3 Particular requirements for a type 2 ESPE

This subclause of Part 1 is not applicable.

4.2.2.4 Particular requirements for a type 3 ESPE

Replacement:

A sipgle fault in the sensing device resulting in a complete loss of the.stated VBH
detegtion capability shall cause the ESPE to go to a lock-out condition ‘Within the speg
resppnse time.

A single fault resulting in a deterioration of the stated VBPDST -detection capability
cause the ESPE to go to the lock-out condition within a tinie, period of 5 s following
occufrence of that fault.

NOTH Examples of deterioration of the VBPDST detection capability, include:
— incrpase of the minimum detectable object size;
— incrpase in the minimum detectable contrast;

— decfease of position accuracy.

A sipgle fault resulting in an increaselin response time beyond the specified valu
preventing at least one OSSD going tothe OFF-state shall cause the ESPE to go to a loc
condition immediately, i.e. within the response time, or immediately upon any of the follg
demand events where fault detegtion requires a change in state:

— on actuation of the sensing-function;

DST
ified

shall
the

e or
-out
wing

detected, the occurrence of one additional fault shall not cause a failure to danger.
For verification of this requirement, see 5.3.4.

4.2.2.5 Particular requirements for a type 4 ESPE

This subclause of Part 1 is not applicable.

Additional design requirements:
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4.2.12 Integrity of the VBPDST detection capability
4.2.12.1 General

The design of the VBPDST shall ensure that the detection capability is not degraded below
the limits specified by the supplier and in this Technical Specification by any of, but not
limited to, the following:

a) low contrast between an object and background on the evaluation images;

b) the position of the object within the detection zone;

c) the number of objects within the detection zone;

d)

—

ne size of object(s) within the detection zone;
e) 4quto-adjustment of optical and electrical characteristics;

g
f) groperties/limitations of optical and electrical components;
g
g

g) 4qccuracy of object position in image(s);

h) 4t the limits of alignment and/or adjustment;

i) dgeing of components;

j) pderformance and limitations of the optical components;
k) gomponent tolerances;

I) dhanging of internal and external references to ensure the-detection capability;

m) gnvironmental conditions specified in 4.3.

If a $ingle fault, which under normal operating conditions (see 5.1.2.1) would not result|in a
loss [of the stated VBPDST detection capability but; when occurring with a combination of the
abo(\je conditions, would result in such a loss)\ that fault together with that combinatign of
conditions (as determined to be relevant.during the analysis of the design) shall be
consfidered as a single fault and the VBPDST shall respond to such a single fault as required
in4.2.2.4.

4.2.12.2 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 Anngx CC.
4.2.12.3 Object detection at high contrast

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

NOTH A high=contrast results from a big difference of the diffuse reflectance value and/or lighting vafiation
betwqen the background and the test piece. The contrast could be higher than the dynamic range of the imaging

sensqgr:

4.2.12.4 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.

4.2.12.5 Response time
Objects of the minimum detectable size that are either stationary or moving within the

detection zone at any speed up to 1,6 m/s shall be detected by the ESPE within the specified
response time. The supplier shall specify the maximum response time. The supplier shall take
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into account worst case conditions including, for example, frame rate, evaluation time,
minimum diameter of the test piece, maximum speed of the test piece, number of objects in
the detection zone and the values of the minimum detection zone, as well as environmental
influences. Where the supplier states that a VBPDST can be used to detect objects moving at
speeds greater than 1,6 m/s, the requirements shall be met at any speed up to and including

the

4.2.

stated maximum speed.

12.6 Detection zone(s) and tolerance zone(s)

The supplier shall define values up to 200 mm as the minimum detectable object size of the
VBPDST within the detection zone. The minimum detectable object size may be distance

dep

The
1 —

detegtion, the tolerance zone has to be considered in addition to the detection zone.

tole

influgnces (PTZ). Even if a measured distance value of a test piece fallsVinto the toler
zong, this test piece will be determined as detected and the OSSDs shall go to the OFF-
or rgmain in the OFF-state. If a part of the position error does not resdlt in failure to da
then|it does not need to be included in the tolerance zone.

NOT
of th

NOT
NOT

NOT

The
con

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

setu

NOTH 5 The dimension of the tolerance zone can be influenced by the method of approach (for example wa
crawling, sliding along a wall:If such information is used to calculate the tolerance zone, then appropriate an

or te

NOTH 6 If the required probability of detection can be satisfied by partial intrusion of an object into the det

zone,|then a smallér'tolerance zone can be used for safety distance determination. Further details can be fo
Annex AA.
4.2.12.7 ( ,Position accuracy

gndent.

test pieces (see 4.2.13) shall be detected with a minimum probability of detectiq
4,9 x 10~/ throughout the detection zone(s). To achieve this minimum Probabilif

rance zone depends on position accuracy composed of systematic (STZ) and rar

H 1 Under the assumption that errors are normally distributed, the RTZ will be 5 times the standard de
e|error distribution (5 sigma).

H 3 The dimensions of the tolerance zone in the three axes can be different.

H 4 An example to determine the tolerance zone is giveh in Annex BB.

supplier shall specify the tolerance" zone(s) and take into account worst-
sfderations according to the influenceslisted in 4.2.12.7.

sts can be required.

H 2 Within the tolerance zone there is no requirement for maintaining a minimum probability of detectior].

n of
y of
The
dom
ance
state
nger,

iation

case

iring

Iking,

alysis

pction
ind in

W heh-determining-theposition-accurac
orT Al A ARRRLLELLED. BELLEA- AN ~4 Tor T oo =

v—tha followin
LH V—R8—+oHOWAR

be taken into account:

a)
b)

the calibration of the sensing device;

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

algorithmic influences, such as:

1) smoothing algorithm

2) feature based detection algorithm, e.g. edge detection algorithm
3) template matching

hall
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4) colour sensor and algorithm
5) global algorithms, e.g. cluster algorithm
6) optical flow analysis algorithm
7) object tracking algorithm
8) stereo algorithm
d) synchronization between imaging sensors;
e) characteristics of the test piece;
f) limits of illumination;

g) Ageing and tolerances of components and references.
4.2.12.8 Pattern projection techniques (PAPT)

If pgqttern projection techniques are used to enhance the contrast in the scene, ther
pattgrn projector shall be considered as part of the VBPDST. This illumination module
have the capability to project sufficient contrast onto the scene anywhere(within the speg
detegtion zone such that the system fulfils the requirements of this Technical Specifica

the
shall
ified
tion.

The detection capability shall not be decreased below the limits specified by the supplig¢r by

any, [but not limited to the following influences:

a) dgontrast between projected pattern elements;
b) dontrast changes within projected pattern elements;

c) dize and differentiation of projected pattern eleménts and number of projected palttern

glements used for contrast enhancement;
d) gize of pixels and numbers of pixels compared:to'used projected pattern elements;
e) 4qutomatic adaptation of algorithm/routines;

f) dize, shape, colour, reflectivity, positian and surface structure of object and s
dompared to projected pattern;

cene

g) rpsulting superposition of natural_object/scene contrast and contrast produced by palttern

grojection;

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

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

Perigdic surface.structures resulting in a complete loss of the stated VBPDST dete
capapility shall/eause the ESPE to go to a lock-out condition within the specified resp
time

ction
bnse

ction

Perigdic’,surface structures resulting in a deterioration of the stated VBPDST dete
cap blhty shaltcatuse—the ESPEto g0 to—thetock-out—condition—within—a—time pUI;Ud O

following the occurrence of periodic surface structures.
These requirements are verified by the tests of 5.2.1.5.

4.2.13 Test pieces for type testing

4.2.13.1 General

5s

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 VBPDST with which they are

intended to be used.
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The test pieces shall be opaque. Different test pieces can be required for different phases of
the test procedures.

The characteristics of the test piece which shall be considered are:

a) s
b) s

ize;
hape;

c) colour;

d) reflectivity;

e) g
f)y t

Whe
back

4.2.1

The
The

4.2.1

The
dete

length of 160 mm.

The
inten
incre

diamieter of 55 mm to an overalllength of 440 mm.

The

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

ontrast with background;

pxture.

n defining the characteristics of the test piece, protection against éamouflage with
ground shall be taken into account.

3.2 Cylindrical test piece

test piece shall be cylindrical if the VBPDST is intended to"be used for finger deted
Cylindrical test piece shall have a diameter of 14 mm and\a length for ease of use.

3.3 Conical test pieces

test piece shall be a truncated cone if thexVBPDST is intended to be used for
ction. The test piece starts with a diameter’of 20 mm increasing up to 40 mm o

test piece shall be a truncated cone in combination with a cylinder if the VBPDSY
ded to be used for arm detection. The test piece starts with a diameter of 40
asing up to 55 mm as a cone.gver a length of 180 mm and continues as a cylinder w

dete
leng

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

4.2.13.4/ Spherical test piece

ction. The test piece. starts with a diameter of 50 mm increasing up to 117 mm o
h of 1 000 mm.

test piece shall be a ‘truncated cone if the VBPDST is intended to be used for

the

tion.

hand
er a

T is
mm
ith a

leg
er a

ction
and

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.

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

4.2.1

3.5 Grey test piece (GTP)

The test piece shall have a diffuse reflectance value of 27 %-33 %.

4.2.1

3.6 Black test piece (BTP)

The test piece shall have a diffuse reflectance value of less than 5 %.
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4.2.13.7 White test piece (WTP)

The test piece shall have a diffuse reflectance value of more than 70 %.

4.2.13.8 Retro-reflective test piece (RRTP)

The test piece shall have a retro-reflective surface that complies with the requirements for
separate performance retro-reflective material of ISO 20471 or equivalent.

4.2.14 Wavelength

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

4.2.15 Radiation intensity

If thg emitter of the PAPT device uses LED technology, the radiation intensity.generated and
emitled by the VBPDST shall meet the requirements of the exempt group invaccordance|with
IEC §2471.

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

If thg emitter of the PAPT device uses laser technology, the radiation intensity generated and
emitled by the VBPDST shall at no time exceed the accessible emission limits (AEL) for a
clasg 1M device in accordance with 4.3 of IEC 60825-1:2014.

4.2.16 Mechanical construction

Whep 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 nof rely
solely on friction.

NOTH The use of oblong mounting holes witheut additional means could lead for example to a change ¢f the
positipn of the detection zone under mechanicahinterference such as bump.

4.3 Environmental requirements
4.3.1 Ambient air temperature range and humidity

Addition:

The |ESPE shall not/fail to danger when subjected to a rapid change of temperature| and
humidity leadingste*condensation on the optical window.

This [requirement is verified by the condensing test of 5.4.2.

Additional environmental requirements:

4.3.5 Ambient light intensity

The VBPDST shall continue in normal operation within a range of illumination on the
background, limited from 100 Ix to 1 500 Ix 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. Outside
the limits, the VBPDST shall not fail to danger.

4.3.6 Light interference
The VBPDST shall continue in normal operation when subjected to the following:

— incandescent light;

— flashing beacons;
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— fluorescent lights operated with high-frequency electronic and line power supply.

The

VBPDST shall not fail to danger when subjected to:

— incandescent light;

— stroboscopic light;

— fluorescent lights operated with high-frequency electronic and line power supply;

lumination fading to 0 Ix;

— radiation from a VBPDST of identical design;

2015

— djirect sunlight.

Thege requirements shall be verified by the light interference test of 5.4.6.

The

this Technical specification.

Basq

be n

bcessary.

4.3.7 Pollution interference

4.3.71.1 Effects on optical window

Polldtion on the optical window shall not lead to a failure to danger.

Polldtion resulting in a complete loss of the stated VBPDST detection capability shall ¢
the BSPE to go to a lock-out condition within\the specified response time.

Polldtion resulting in a deterioration ofithe stated VBPDST detection capability shall caus

ESP
pollu

ftion interference.

4.3.7.2 Effects within the detection zone

Polldtion within the detection zone or the zone with limited detection capability shall not

to a

ailure to danger.

Polldtion resulting in a complete loss of the stated VBPDST detection capability shall ¢
the BSPE to(go to a lock-out condition within the specified response time.

Polldtien resulting in a deterioration of the stated VBPDST detection capability shall caus

ESP
pollu

E to go to_a lock-out condition within a time Ir_w:-rinr'l of 5 s fnlln\/\/ing the occurrence

supplier shall inform the user of potential problems not covered by theyrequiremenits of

d on the technologies and algorithms used, and the analysis 0f5.2.9, additional testg can

ause

b the

- to go to a lock-out condition within a time period of 5 s following the occurrence of the

lead

ause

b the
f the

tion 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);

- b

y placing objects within the zone with limited detection capability.

In such cases, the VBPDST shall respond by going to the OFF-state within a time period of
5 s and shall remain in the OFF-state 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.

4.3.10 Drift or ageing of components

Drift|or ageing of components that would reduce the detection capability below the s{ated
valu¢ shall not cause a failure to danger of the ESPE. The drift or ageing shall-be detgcted
withip a time period of 5 s and lead to an OFF-state of the OSSDs.

If a reference object is used for monitoring ageing and drift of componen{s, variations in the
propgerties of the reference object (for example, reflectance) shallgnot cause a failute to
danger of the ESPE. If a reference object is used to monitor ageingcand drift of componerts, it
shalll be considered to be part of the VBPDST and shall be provided by the supplier of the
VBPPST.

5 Testing

This|clause of Part 1 is applicable except as follows:
5.1 General

5.1.2 Test conditions

5.1.24.1 Test environment

Replacement:

Excgpt where otherwise specified in 5.4 of IEC 61496-1:2012, the tests shall be carried out
with the ESPE operated_under the following conditions:

I
=

hted voltage (or_a voltage within the rated voltage range);

|
-

hted frequency (or a frequency within the rated frequency range);

— ambient temperature: 20 °C + 5 °C;
— relativeyhumidity: 25 % to 75 %;
- rometric pressure: 86 kPa to 106 kPa;

— homogeneous diffuse reflectivity of the background with no visible surface structure;

— where other non homogeneous surface characteristics are shown to be critical as result of
the analysis of the design, a selection of critical backgrounds shall be applied.

NOTE Values stated in the marking and in the accompanying documents are considered as rated values.

Unless otherwise stated in this part of IEC 61496, the VBPDST shall be set up for the tests as
follows:

— Typical contrast in accordance with 5.1.2.4;
— Ambient light intensity between 50 Ix and 300 Ix measured on the background.

The ambient light source should provide evenly distributed illumination as far as practical.
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In the following tests, grey background (GB) is defined as a flat surface with 27 % to 33 %
diffuse reflectivity 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).

5.1.2.2 Measurement accuracy

Addition to the first paragraph:

|
—h

br light intensity measurement: £10 % (of the value to be measured).

Addifion:

5.1.3.4 Setup for typical test condition (TTC)
The test conditions shall be defined from the limits of detection capability specified in this| part
of IEC 61496 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 hall
not fail to danger.

The following setup shall be used:

— (Qrey background (GB);
—  White test piece (WTP).

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

5.1.2.5 Setup for low contrast (LC)

The following setup shall be used:

Q)

rey background (GB);

Q)

rey test piece (GTP).
Addition:

5.1.4 Test conditions and test plan

As a|result of-the analysis of the design and optical performance of the VBPDST the test|plan
shalllbe established considering the test conditions and parameters outlined in this docunent.

The minmimum test conditions shalt—be as specified i this technical specification or by the
supplier, whichever is more stringent. Unless otherwise stated, the tests shall be done with
the minimum detection zone positioned as specified in Table 1.

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

5.2 Functional tests
5.2.1 Sensing function

Addition:


https://iecnorm.com/api/?name=1e8cd68d0e2d968bcfc5384377a0779c

IEC TS 61496-4-3:2015 © IEC 2015 - 25—

5.2.1.1 General

The sensing function and the integrity of the detection capability shall be tested as specified,
taking into account the following:

— The tests shall verify that the specified test pieces are detected when the test piece is
either static or moving into or within the detection zone at any speed from 0 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 tests shall verify that the specified 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
cppabilty.

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

— Hor VBPDST with two imaging devices, the test piece shall be alighed parallel tq 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 thg detection capability depends on the direction of the movement, an analysis of the dgsign
and pptical performance shall be done to identify the worstcase conditions.

It shpll be verified that the sensing device is continyously actuated and, where approptiate,
that the OSSD(s) go to the OFF-state as described/bélow, taking into account the operating
prindiple of the VBPDST and, in particular, thetechniques used to provide tolerande to
envinonmental interference.

Tablge 1 shows an overview of the minimum tests required for the verification of deteftion
capapility requirements. Tests of Table,1 may be dismissed if the analysis of the VBADST
shows that they are covered by other-tests that are more stringent.

Table 1 — Verification, of /detection capability requirements (see also 4.2.12)

° " Distance between the sensing device and the test piece
- o n 2 [
S - 4 -5 ) Maximum operating Middle operating Minimun operating
€ I o FR] 5 distance distance distance
3| Fo a o c
z b4 a o S Image Image Image Image Image Image
centre 2 corner 2 centre 2 corner 2 centre 2 corner 2
B-Test |5.2.1.1 | sensing Speed between LC LC LC LC LC LC
function 0 m/s and
1,6 m/s P
B-Test | 532¥1.1 | sensing Speed between GB, BTP GB, BTP GB, BTP GB, BTP GB, BTP GB, BTP
function 0 m/s and
1,6 m/s P
3 B-Test | 5.2.1.1 | sensing Speed between TTC TTC TTC TTC TTC TTC
function 0 m/s and
1,6 m/s P
4 B-Test | 5.2.1.1 | sensing Speed between | GB, RRTP | GB, RRTP | GB, RRTP | GB, RRTP | GB, RRTP | GB, RRTP
function 0 m/s and
1,6 m/s P
5 Conti- |5.2.1.3 | Endurance
nuous test TTC
B-Test
6 C- 5.2.1.5 | Periodic Based on TTC
Test surface VBPDST specific
structures | analysis
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° " Distance between the sensing device and the test piece
[ o 7] B [ =
S - 3 -5 k) Maximum operating Middle operating Minimum operating
€ g2 ° FR 5 distance distance distance
3| Fo a s c
z b4 > @ o Image Image Image Image Image Image
(] o a a a a a a
centre corner centre corner centre corner
7 B-Test | 5.4.2 Ambient 50 °C or
tempera- | maximum ©
ture TTC
ot 5.4.2 of
t
vanation 1 \ec 61496-
1:2012 applies
8 B-Test (542 Ambient °—Cof
tempera- minimum, non-
ture condensing °©
variation TTC
5.4.2 of
IEC 61496-
1:2012 applies
9 C- 5.4.2 Humidity 5.4.2 of
Test IEC 61496- TTC
1:2012 applies ©
10 |B-Test |5.4.3 of | Electrical |4.3.2,5.2.3.1
IEC 61 |disturb- and 5.4.3 of 116
496- ances IEC 61496-
1:2012 1:2012 apply
11 B-Test | 5.4.4.1 | Vibration 5.4.4.1 applies TTC
12 [ B-Test]|5.4.4.2 |Bump 5.4.4.2 applies TTC
13 5.4.6 Light see Table 2
interfer-
ence
14 |B-Test|5.4.7 Pollution TTC
on the
surface
of the
optical
window
(4.3.7.1)
15 |B-Test|5.4.7 Pollution Pollution Caused TTC
in the by smoke*and
detection dust
zone
4.3.7.2)
16 | C- 5.4.8 Manual Based on TTC
Test interfec- VBPDST specific
ence analysis
17 | B-Test|5.4.9 Optical Based on GB,
or C- occlusion | VBPDST specific
Test analysis BTP
18 5 2t4—Toteranmce T~ c
zone
a

VBPDST in test chamber and view through chamber window or detection zone for test in the chamber or open test chamber —
start test within 1 min.
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5.2.1.2 Integrity of the VBPDST detection capability

It shall be verified that the VBPDST detection capability is continuously maintained or the
ESPE does not fail to danger by systematic analysis of the design of the VBPDST, using

testing where appropriate 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 Iinluited functional test B (B test) in accordance with 5.2.3.3 of IEC 61496-1:2012 shJII be

carried out with the ESPE in continuous operation under the conditions determined)for
and with the test piece remaining in position inside the detection zone.

5.2.1.4 Position accuracy

The |[dimensions of the tolerance zone shall be verified in accordance with the requiren
and fesults of 4.2.12.6 and 4.2.12.7. As a minimum, the test setup shal¥ be in accordance
5.1.4.5 (LC) at maximum operating distance with the test piece in.the‘image corner.

Anngx BB gives methods and information that can be used te Verify tolerance zones.

5.2.1.5 Tests for the influence of periodic surfacé/structures on the background

An gnalysis shall be carried out to determine whether periodic surface structures or
backiground (see Figure 4) or within the toletance zone can influence the integrity o
detegtion capability.

The fesults of the analysis of the design.regarding the influence of periodic surface struc

96 h

ents
with

the
the

ures

on the detection capability shall be uséd to determine if the requirements of 4.2.12.9 cdn be

met and to define details of the test.setup.

The [limitations of the system(shall be identified taking into account the stated dete
capadbility and worst case considerations regarding the characteristics of the pattern elem
including for example:

sjze;
— shape;
c

pntrast.

The {ests~covering the influence of periodic surface structures on the detection capability

ction
ents,

shall

be cTrried out using the following test setup procedure:

a) Determination of the characteristics of the pattern elements depending on worst case
considerations, especially taking into account the contrast detection and stereo

algorithms.
b) Test pieces: GTP, WTP, depending on worst case considerations;

c) Test piece moving at any speed from 0 m/s to 1,6 m/s (or higher if specified by the

supplier);

d) The worst case distance between test piece and periodic surface structures on the

background shall be determined by measurement.
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Checkerboard Circular pattern Squared grid Hexagonal grid

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

5.2.9 Verification of optical performance
A systematic analysis of the electro-optical subsystem shall be carried outto:

verify any filtering techniques (especially software filtering algorithms) employed, and [their
dharacteristics;
d
[

termine the decision criteria used to determine whethet/or not the defined test piege(s)
detected as being inside the detection zone;

termine the effect of undetected faults, in accordance with 4.2.2.4, on the electro-optical
aracteristics;

d
c
d) determine worst case response time;
determine the effect of environmental influence.

The fesults 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 VBRDST shall be verified either by inspection of the device|data
shegts or by measurement.

5.2.11 Radiation intensity

If thg emitter of the(PAPT device uses LED technology, the radiation intensity shall be veyified
by measurement.in.accordance with IEC 62471 and inspection of the technical documentation
provided by thé/supplier.

If the emitter of the PAPT device uses laser technology, the radiation intensity shall be
verifled/by measurement in accordance with IEC 60825-1 and inspection of the tech

documentationprovided-by-the suppher—Themarkingas—a—els O a iHaser—shd

verified for correctness.

5.3 Performance testing under fault conditions
5.3.2 Type 1 ESPE

This subclause of Part 1 is not applicable.

5.3.3 Type 2 ESPE

This subclause of Part 1 is not applicable.
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5.3.4 Type 3 ESPE
Addition:

It shall be verified that the drift or ageing of components that influence the detection capability
will be detected according to 4.3.10.

In practice it will be impossible to combine single faults with all operating conditions and/or
influences listed in 4.2.12.1 by practical test. A combination of one or more of the following is
sufficient to verify the requirement to combine single faults with operating
conditions/influences as required by 4.2.2.4:

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

5.3.5 Type 4 ESPE

This|subclause of Part 1 is not applicable.

5.4 Environmental tests
5.4.2 Ambient temperature variation and humidity

Addition:

The VBPDST shall be subjected to the following condensation test:

|
—

e VBPDST shall be supplied with its rated voltage and stored in a test chamber at an
mbient temperature of 5 °C for 1 h;

the ambient temperature and the humidity shall be changed within a time period of §ip to
min to a temperature of (25 £ 5).2€ and a relative humidity of (70 £ 5) %;

— @l C test shall be performed with the test piece remaining in the detection zone for a
duration of 10 min using the-TTC;

iff a restart interlock is available it shall not be operational during the C test.

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

5.4.4 Mechanical influences

5.4.41 Vibration

Additio:

If the sensing device of the VBPDST is not intended to be mounted on a machine (i.e. not
intended to be subjected to high vibration), the levels of amplitude and frequency may be
reduced for the A test depending on the intended application. In this case, a C test may be
carried out instead of the B test.

At the end of the tests, the VBPDST shall be inspected for 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.

5.4.4.2 Bump

Addition:
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If the sensing device of the VBPDST is not intended to be mounted on a machine (i.e. not
intended to be subjected to bumps), the test conditions may be reduced for the A test
depending on the intended application. In this case, a C test may be carried out instead of the
B test.

At the end of the tests, the VBPDST shall be inspected for 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.

Additional environmental tests:

5.4.
5.4.

Tes
and

Unleps otherwise stated, the distance between the detection zone and the' background
be 2[times the dimension of the tolerance zone. Tests at locations otherithan image cent

ima
and

EacH test shall be carried out as specified in Table 2 and“Jnder the stated conditions

min

All

detegtion zone shall be as specified in Table 2.

Additional tests shall be carried out under different combinations of operating distances

env

Amblent light shall be delivered by using the incandescent light source or using na
illumjnation. Unless otherwise stated, the ambient light intensity during light interference

sha

In t

Table 2 gives an overview of the light interference tests.

6 Light interference
q.1 General

ts shall be performed with the test piece inside the detection zone close to lthe backgr
close to the zone with limited detection capability and close to the tolerance zon

de corner and with other test pieces may be required depending-on’analysis of the de¢
vorst case considerations.

imum requirement.

the tests shall be performed with the minimum/detection zone. The position of

ilonmental conditions when

t
with appropriate light sources, and/or

an analysis shows such tests/to be necessary.

lllbe within a range-6f*50 Ix to 300 Ix.

h

bund
e(s).
shall
re or
sign

as a

the

and

e supplier states higher immunityrlevels, which shall be verified by testing at those lg¢vels

tural
tests

e following test procedures, unless otherwise stated, the light intensity limits include the
combination of.ambient light and light contributed by the indicated light source.

Tablte 2—Overview of tightinterference tests

Num- | Sub- Test related to Light source Light Test piece position Note
ber | clause position 2 intensity
Test sequence Imageb Imageb
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
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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
3 5.4.6.4 | Normal operation Incandescent 1 500 Ix bright | Max OD © |Max OD ¢ | Figure 5
with shadow area
Interference on TTC TTC
background P1 <750 Ix
1 shadow area
4 5.4.6.6 | Normal operation Incandescent 1500 Ix Max OD ¢ |Max OD ¢ | Figure 7
Interference on - TTC TTC
sensing device .
5 5.4.6.6 | Normal operation Line frequency | 750 Ix Max OD © Figuce' ¥
fl t
Interference on vorescen TTC
sensing device -
1
6 5.4.6.6 | Normal operation High frequency | 750 Ix Max OD ¢ Figure ¥
fluorescent
Interference on TTC
sensing device -
1
7 5.4.6.5 | Failure to danger Incandescent 3 000 Ix Max OD © Figure
interference on P1
back d
ackgroun 9 LC
8 5.4.6.5 | Failure to danger Laser beam Max OD © Figure b
interference on P1
back d
ackgroun 9 LC
9 5.4.6.5 | Failure to danger Direct sunlight 1x10° Ix Analysis of the electro optical
) on background subsystem or test on component
interference on level
background -
C-test only
1 5.4.6.5 | Failure to danger Stroboscopic Max OD ¢ Figure
Interference on P2
background
2 LC
1 5.4.6.7 | Failurento danger Laser beam Between Max OD ¢ |Max OD ¢ |Figure ¥
0,7 mW and
Interference on - 1 mw
sensing devi
nsing device 9 LC LC
12 5.4.6.7 | Failure to danger Incandescent 3 000 Ix Max OD ¢ |Max OD ¢ |Figure ¥
Interference on -
ing devi
sensing device 9 LC LC
13 5.4.6.7 | Failure to danger Line frequency |3 000 Ix Max OD ¢ | Max OD ¢ | Figure 7
fluorescent
Interference on
ing devi )
sensing device LC LC
2
14 5.4.6.7 | Failure to danger High frequency | 3 000 Ix Max OD ¢ |Max OD ¢ | Figure 7
fluorescent
Interference on LC
sensing device -
LC
2
15 5.4.6.7 | Failure to danger Stroboscopic Max OD ¢ |Max OD ¢ | Figure 7
Interference on 3 meter
sensing device distance
LC LC
3
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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
16 5.4.6.7 | Failure to danger Flashing Max OD ¢ |Max OD ¢ | Figure 7
beacon
Interference on
sensing device 3 meter
distance LC LC
3
17 5.4.6.8 | Normal operation - 100 Ix Max OD ¢
Low level light -
during B test
B test only LC
1 5.4.6.8 | Failure to danger - <=100 Ix Max OD ¢
Fading light during |- <=100 Ix
C test
C test only LC
19 5.4.6.5 | Failure to danger Emitting device |- Max OD ¢ Figure 6
of PAPT of
Interference on identical design
background
- LC
3

Position of the light sources (see Figure 5 or Figure 7)

Location of image centre or image corner and the operating)distance implies the location of the
detection zone

Max OD Maximum operating distance between the VBRPDST sensor and the test piece in the detectign
zone

< —

.2 Light sources

ight sources shall be as follows:

ncandescent light source: a linear tungsten halogen (quartz) lamp having characteristics
ithin the following limits:

colour temperature: 3.000 K to 3 200 K;

input power: 500. W to 1 kW rated power;

rated voltager any value within the range 100 V to 250 V;

supply voltage: rated voltage = 5 %, sinusoidal a.c. (50 Hz/60 Hz);

nomipallength: 150 mm to 250 mm.

luorescent light source: a linear fluorescent tube having characteristics within| the
following limits (operating without a reflector or diffuser):

Sfzer T8 X 600 Mm (26 mm nominat dfametery;
rated power: 18 W to 20 W;
colour temperature: 3 000 K to 6 000 K;

operated at its rated supply voltage * 5%, sinusoidal a.c. (50 Hz/60 Hz), or used in
combination with an electronic ballast having an operating frequency within the range
of 30 kHz to 40 kHz;

use of line or high frequency fluorescent light source depending on the analysis of the
design and optical performance of the VBPDST e.g.: frame rate, integration time,
shutter.

Flashing beacon light source: a light source employing a xenon flash tube (without
enclosure, reflector or filter) having characteristics within the following limits:

flash duration: from 40 ys to 1 200 pys (measured to the half-intensity point);
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o flash frequency: 0,5 Hz to 2 Hz;
e input energy per flash: 3 joules to 5 joules;

d) Stroboscopic light source: a stroboscope employing a xenon flash tube (without enclosure,
reflector or filter) having characteristics within the following limits:

e flash duration: from 5 ps to 30 ys (measured to the half-intensity point);
o flash frequency: 5 Hz to 200 Hz (adjustable range);
e input energy per flash: 0,05 joule (at 200 Hz) to 0,5 joule (at 5 Hz).

e) laser beam pointer: a collimated laser beam having characteristics within the following

I [Nt P
LT

o[ flash duration: continuous wave mode;

o| wavelength: within 550 nm up to 670 nm;
o] beam shape: diameter below 5 mm;

o| light intensity: 0,7 mW up to 1 mW;

o[ laser Class: 2.

5.4.4.3 Test sequences

NOTH The A, B, and C tests below are defined in IEC 61496-1:2012, 5.2.3

Test[sequence 1:

1|— ESPE in normal operation

21— Switch on interfering light

3 — B test

41— Switch off ESPE for 5 s. Restore power: Reset start interlock, if fitted
5 — B test

6| — Switch off interfering light

7]— B test

Test|[sequence 2:

1 — BSPE in normal opefation

21— Switch on interfering light

3[— C tests repetitively for 1 min

4] — Switch‘eff ESPE for 5 s. Restore power. Reset start interlock, if fitted
5 — C tests repetitively for 1 min

6] <Switch off interfering light

7—=CtestsTepetitivety for +Tmim
Test sequence 3:

1 — ESPE in normal operation
2 — Switch on the interfering light
3 — C tests repetitively for 3 min

If a system analysis proves that a switch-off cycle and a system reset lead to identical system
behaviour, then the switch-off cycle may be replaced by a system reset.
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5.4.6.4 Normal operation — Interference on background

The ESPE shall continue in normal operation throughout test sequence 1 in 5.4.6.3 using light
sources of 5.4.6.2, positioned outside the detection zone and illuminate the detection zone
and the background.

Tests shall be carried out in accordance with Table 2.

Light intensity shall be measured according to Figure 5:

a) the incandescent light source of 5.4.6.2 placed at P1 producing a light intensity of
1500 Ix. The test shall be performed with the incandescent light source beam _mpved
lowly over the background through the optical axis and the corners of the detection zpne;

b) sjngle incandescent light source of 5.4.6.2 placed at P2 with a spherical ohject held in
front of the light source and outside the detection zone and the tolerance zone prodycing
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
inimum detection zone. On the background the light intensity shall-be 1 500 Ix in the
right area and < 750 Ix in the shadow;

c) the flashing beacon light source of 5.4.6.2 shall be placed at«P2 outside of the deteftion
zpne and the tolerance zone but at least at 2 m in height from the background;

If thg 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.

___ @\;,

\
.L\.‘J
1(‘
«
IEC

Key
1 - VBPDST 4 - Interfering light source P2 7 — Test piece
2 — Ambient light source 5 — Luxmeter 8 — Projected area
3 — Interfering light source P1 6 — Minimum detection zone

Figure 5 — Test setup for indirect light interference on the background

5.4.6.5 Failure to danger — Interference on background

The ESPE shall not fail to danger throughout test sequences in accordance with Table 2 using
light sources positioned outside the detection zone and the tolerance zone with the
background illuminated.
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Light intensity measurements shall be measured according to Figure 5.

a)

b)

c)

d)

The incandescent light source of 5.4.6.2 placed at P1 producing a light intensity of
3 000 Ix. The test shall be performed with the incandescent light source beam moved
slowly over the background through the optical axis and the corners of the detection zone.

The stroboscopic light source of 5.4.6.2 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.

The laser beam source of 5.4.6.2 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
moved slowly over the background through the optical axis and the corners of the
etection zone;

The VBPDST with PAPT shall not fail to danger in the presence of a PAPT emitting dhLvice
df identical design (see Figure 6);
1
r

o}

he VBPDST shall not fail to danger by direct sunlight on the background {4109 Ix).|This
bquirement shall be verified by:

o| the analysis of the electro optical subsystem considering 4.2.12.1;

or by testing at those levels with appropriate light sources.

NOTH Light intensity values are based on values given by EN 12464-1. The pasition and direction of the luxmeter

is limited to achieve a reproducible light intensity value.

5.4.6.6 Normal.operation — Interference on sensing device

VBPDST of identical design

4 —BPDsT

Test piece

IEC

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

The ESPE shall continue in normal operation throughout test sequence 1 in 5.4.6.3 using the

lightjsources*of 5.4.6.2.

Tests_shall be carried out in accordance with Table 2 _The Q\JIQme shall be r\nnfigllrnr‘l with the

minimum detection zone located in the corner of the detection zone.

Light intensity measurements shall be made on the sensing device and perpendicular to the

optical axis.

a) The incandescent light source of 5.4.6.2 producing a light intensity of 1 500 Ix and
illuminating the sensing device adjacent to the field of view of all imaging sensors.

b) The line frequency fluorescent light source of 5.4.6.2 producing a light intensity of 750 Ix
and illuminating the sensing device adjacent to the tolerance zone but outside the
detection zone.

c¢) The high frequency fluorescent light source of 5.4.6.2 producing a light intensity of 750 Ix

and illuminating the sensing device adjacent to the tolerance zone but outside the
detection zone.
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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.

Key
1 - VBPDST 4 - Luxmeter 7 — Projected area
2 — Ambient light source 5 — Minimum, detection zone
3 — Injterfering light source 6 — Test.\piece
Figure 7 — Test setup for(direct light interference on the sensing device
5.4..7 Failure to danger'=Interference on sensing device

The ESPE shall not fail to.danger throughout test sequences in accordance with Table 2 (

each
toler

Light
optic

5.4.4

IEC

of the light sounces of 5.4.6.2 positioned outside the detection zone and adjacent t
bnce zone, illuminating the sensing device.

al axis:

sing
b the

intensitymreasurements shall be made on the sensing device and perpendicular t¢ the

.8 Low lighting level test

With the VBPDST in normal operation, a B test shall be carried out with an ambient light

inten

sity of 100 Ix.

With the VBPDST in normal operation, a C test shall be carried out while the intensity of

ambi

ent light is decreased until the OSSDs go to the OFF-state.

5.4.7 Pollution interference

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.
These tests shall verify no failure to danger.

Examples of possible pollution are:
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dust, smoke, steam, spray, etc. in front of the sensing device;

polluted window by particle, water-drops or dust.

5.4.8

Manual interference

Immunity against coverage shall be tested as follows:

Optiq
dete
outt

Imm
follo

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 emitter of the PAPT device if applicable.

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

or systems where the optical windows (or other relevant parts) have a diameter IJ:rger
than 10 mm, the test spot shall be placed at a position most relevant to the(Cdeteftion

cppability of the VBPDST.

est for each covered part of the VBPDST whether the simulated manual interferencg will

wc oO—- » =

g)

ad to an OFF-state of the OSSDs within a time period of 5 s or does’ not reducg the
tated detection capability.

ests shall be carried out to verify that when simulated manual ipterference leads to an
FF-state of the OSSDs, actuation of the restart interlock (if agplicable) or a new pqwer-
p does not lead to an ON-state of the OSSDs. If a restart inteflock is fitted, the O§SDs
hall stay in the OFF-state when the covering test spot is removed.

Optical occlusion

al occlusion on the window, in the zone with~Jimited detection capability or in the
ction zone shall not reduce the stated detection ‘capability. These tests shall be cafried
p test for failure to danger.

inity against the effect of optical occlusioh within the detection zone shall be testgd as
VS

The object used for simulating“optical occlusion shall be a cylinder with a minimum
effective length of 0,3 m. The diameter of the occluding object shall be 5 mm unpless
determined otherwise by thie analysis of 4.3.9. The surface of the occluding opject
shall have a diffuse reflectance value of less than 20 % at:

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

During the test, the occluding object shall be used normal to the optical axis of one of
the imaging.devices.

The detection zone shall range from the minimum to the maximum operating distgnce,
when applicable.

The test shall be carried out by placing the occluding object in the detection zone as
near_as possible to the VBPDST and in the zone with limited detection capability

unless determined otherwise by the analysis of 4.3.9. A black test piece (see 4.2.13.6)
and grey background shall be used. If the occluding object does not lead to the OFF-
state of the OSSDs, a B test shall be performed otherwise a C test shall be performed.

C-tests shall be performed to verify that the stated detection capability is maintained in
the presence of optical occlusion. The black test piece 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;
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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.

6 Marking for identification and for safe use

This clause of Part 1 is applicable except as follows:

6.1 General

Addition:

The markings required by 6.1 b), c) and d) of IEC 61496-1:2012 may alternativ€ly be given in

the 4

This
Addi
The

aaa)
bbb)

cce)

ddd)

eee)
fff)

ccompanying documents.

Accompanying documents

clause of Part 1 is applicable except as follows.
fion:
hccompanying documents shall contain the following information where applicable:

application examples showing the tolerance zone(s);

dimensions of maximum and minimdom detection zone(s) and tolerance zope(s)
together with information about a reference point relative to the sensing device for the
determination of the detection zong;

information about the minimum required distance between the border of a deteftion
zone and the surrounding efvironment without detecting, for example, walls or pafts of
machines in order to ensure reliability in operation;

instructions for setting the detection zone(s) including consideration of the tolerance
zone(s) and details on other optional functions of the VBPDST, described in Annex A
of this part if these options are available. A clear statement shall be given when one or
more zone(s).is(are) described, whether its(their) description is related to the deteftion
zone(s) as defined in 3.4 or the combination of the detection zone(s) and the tolerance
zone(s);

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

information on how the detection capability can be affected if the VBPDST is psed
within an additional housing. For example, additional housings may have an influpnce

on the detection r‘npnhilify and the detection zone;

gg9)

hhh)

i)

iin

if appropriate for the application(s), an indication on the floor of the detection zone
should be recommended;

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

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

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

1)

mmm)

nnn)

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

w(s)

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);

information as required by 4.1.6 if the VBPDST possesses one or more zone(s)
limited detection capability;

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

000)

with

the
(see

instruction that the detection capability dimension shall be added to the safe disthnce

calculations of ISO 13855. This is because response time specifications assume|
the object is entirely within the detection zone before it is detected.

that
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Annex A
(normative)

Optional functions of the ESPE

Annex A of Part 1 applies except as follows.

Clause A.8 does not apply.

Additional optional functions:

A.9| Setting the detection zone and/or other safety-related parameters

A.9.1 Functional requirements

The petting of the detection zone and/or other safety-related parametersishall not be poskible

withqut using a key, keyword or tool.

NOTH For example, the tool can be a password protected software configuration program that is part of the

VBPDOST.

If the setting is carried out using a personal computer ‘or*equivalent fitted with untgsted
dedi¢ated hardware and/or software, a special procedure shall be used for setting the
detegtion zone. This procedure shall be in accordance‘with appropriate standards (see|also
4.2.11 of IEC 61496-1:2012). If the tool is software;)only software authorized by the sugplier

shalllbe used.

The [procedure shall include measures to _ensure that the input parameters are transniitted
corrgctly and without corruption to the VBPDST. This shall be applied for all safety related
settings, for example, the setting of theesponse time. The parameterization procedures ghall
confprm to an appropriate standard\“(e.g. IEC 62061:2005, 6.11.2 or ISO 13849-1:2006,

4.6.4).
The petting of safety-related-parameters should only be performed by qualified persons.

A.9.2 Verification

Verifly by inspection.or test that:

a)

b)

c)

d)

the setting/~function(s) for each configuration parameter (minimum, maximum [ and
representative values) work(s) correctly;

OTE\.t is possible that the detection zone displayed on the screen of a configuration tool (for example, a
persémal computer) can be different from the actual detection zone of the ESPE.

the configuration parameters are checked for plausibility, for example by use of invalid
values, etc.;

the access to, and methods of, configuration by the user are in accordance with the
requirements of corresponding standards (see, for example, 4.2.11 of IEC 61496-1:2012,
or other relevant standards);

in the case of detection zones that can be varied in size during operation, that the
data/signals for determining the size of a detection zone are generated and processed in
such a way that a single fault shall not lead to a loss of the safety function. And that such
a single fault is detected and causes the OSSDs to remain in the OFF-state or to go to the
OFF-state within the response time of the ESPE.
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0 Selection of multiple detection zones

A.10.1  Functional requirements

If a

VBPDST has more than one safety-related detection zone, a single fault shall not lead to

an unintended change from one selected zone to another zone. In cases where a single fault
which does not cause a failure to danger of the VBPDST is not detected, the occurrence of
further faults internal to the VBPDST shall not cause a failure to danger.

Where the input signals are derived from device(s) external to the VBPDST, the latter should
meet_the relevant requirements of other appropriate standards (for example ISO 13849-1,

IEC

51508, IEC 62061).

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

the
alo

an aglditional zone. The specified response time(s) shall be maintained in this'case.

NOT

If a

requ|rement applies.

The
the

gctivation of an additional safety-related detection zone shall cause the VBPDST to ¢o to
dk-out condition when a demand requires an activation of another zone or'an activatipn of

H 1 Itis possible that each zone has a different response time as specified by theymanufacturer.

detection zone is changed in size on-line for example by“external inputs, the game

ctivation of the detection zones shall be monitored by the VBPDST. The user shall have
bossibility to configure the sequence of activation of the detection zones whigh is

monitored by the VBPDST. If an incorrect sequenece\of activation of the detection zonegs is

dete¢ted, the VBPDST shall respond by going to a.lock-out condition.

The

switghing between different detection zones\should be considered.

NOT
Clau

A.10.2 Verification

Verify by inspection or test that:

a)

b)
c)

d)

e)

possibility that persons may already bé within a detection zone at the moment of

H 2 The automatic selection of safety-felated detection zones is not a muting function (as descried in
s A.7 of IEC 61496-1:2012).

single fault does not lead to an unintended change from one selected zone to an¢ther
one; a single (fault does not prevent an intended change from one selected zone to
nother or prévent the activation of an additional safety-related detection zone; a fufther
fault will netllead to a failure to danger (according to 5.3.4).

ommon-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 switghing
etweéen different detection zones.

the user has the possibility to configure the sequence of activation of the detection zones
which is monitored by the VBPDST.

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 Part 1 is applicable except as follows.

Addition:

B.7 | Imaging sensor

Faults considered Exclusions
Wropg line addressing None
Wrophg column addressing None
Crogstalk between lines, columns and pixels None
Static image (no new image) None
Studk at high pixel None
Stugk at low pixel None
Chapge in register settings, if applicable None
Failyre in the analog to digital converter, if applicable None
Failure 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. 1.7 General

NOTH 1 1SO 13855 provides a methodology to determine the minimum distance S from specific sensi
actuajing devices of protective equipment to a danger zone. Clause 6 of ISO 13855:2010 details the calculat
minimum distances for electro-sensitive protective equipment employing active opto-electronic protective syg
This Annex AA adopts the given approach and extends it where necessary. It is foreseen/that after
exper|ence, the methodology will be presented to the committees preparing ISO 13855 and |IEC 62046 for ad
and irftegration in their standards.

Whep calculating minimum distances, the requirements and- formulae given
ISO [13855:2010, Clause 6 should be taken into account includingcadditions given by A
to AA.1.4.

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

o

Etection zone orthogonal to the direction of approach; and

o

tection zone parallel to the direction of approachy

Both| cases can be applied for a three-dimensional volume; it is allowed to choossg
resulting lower minimum distance S. Analysis has shown that the formulae for detection z

ng or
ion of
tems.
some
bption

by
\.1.2

the
bnes

orthqgonal to the direction of approach lead*to a lower or equal minimum distance S i the

casefs described below. For the Formulag(AA.5) to (AA.9) it is considered that the outer
of thle three-dimensional detection zon€ is normal to the reference plane, e.g. floor.
shaples such as ball-shaped or trapezoidal need further consideration. In addition, pos
circumventing of a VBPDST by “reaching over the detection zone has to be addre
according to 1ISO 13855:2010,. Fable 1.

To epsure that the value, crg according to ISO 13855:2010, Table 1 is smaller than the v
of (¢|+ a) calculated according to the formulae below independent of the height a of the ha
zong| the height » of-the' upper edge of the detection zone of the VBPDST should be 1 400
as a| minimum for_a-detection capability = 70 mm and 2 400 mm as a minimum in all
casep.

NOTH 2 A height » equal or greater than 1400 mm respectively 2 400 mm means that there is no po
circumpventing.of an ESPE according to ISO 13855 by reaching over the detection zone.

shell
Dther
sible
ssed

alue
zard

mm
bther

ssible

AA.1.2. v 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) or (AA.4) as is appropriate.

Formula (AA.2) is a general formula given by ISO 13855.

S,=S+8, (AA.1)
S=(KxT)+C (AA.2)
S,=Cy,+d (AA.3)
So=(KxT)+C+Cp+d (AA.4)

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

S is the minimum distance, in millimetres, from the hazard zone to the detection point, line,
plane or zone;

. is an additional distance, in millimetres, combining the effects of systematic and random
influences;

K 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);

T is the overall system stopping performance in seconds;

C i§ an additional distance in millimetres, based on the distance, which a part of the pody
ay be moving towards the hazard zone prior to the actuation of the protective device

Ci, i$ an additional distance in millimetres, based on the tolerance zone of th¢)protective
device to satisfy systematic and random influences;

d i3 the sensor detection capability of the device, in millimetres (mm), i.e. the dimension of
the test piece.

NOTH Protective devices employing a volume as a detection zone will normally require a test piece to be |nside
the de¢tection zone with a dimension of at least its stated detection capability. This is taken into account by the
corregponding test procedures (see for example Clause 5). Therefore the dimensSion’ of the test piece (d) is gart of
the additional distance S, in the Formulae (AA.3) and (AA.4). If partial intrusion (see AA.1.5, Example 2) salisfies
the rqquirements of this part of IEC 61496, then only the relevant portion‘of’ the dimension d is used in [those
formujae (i.e. d, in Figure AA.4 to Figure AA.6).

AA.1.3 Vision based protective devices with a detection capability > 40 mm and
<55 mm

The minimum distance S in millimetres should be:calculated by Formula (AA.5) for VBADST
having a detection capability in the range > 40 mm and < 55 mm

where:

S is the minimum distance,~in millimetres, from the hazard zone to the detection point,
line, plane or zone;

K 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);

T is the overall system stopping performance in seconds;

C4o | 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,;

Cgs | is ansadditional distance in millimetres, based on the formula Cs5 = 12 (d — 40 mm)

d isAhe sensor detection capability of the device, in millimetres (mm), i.e. the dimension
of the test Ini::xm::

Then
S=(KxT)+208 mm + 12 (d — 40 mm) (AA.6)
S=(KxT)+12d—-272 mm (AA.7)

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

NOTE 2 For the calculation of C,, the value of 4 is 40 mm irrespective of the detection capability stated by the
manufacturer. For the calculation of C,, the value of d is the detection capability stated by the manufacturer.
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AA.1.4 Vision based protective devices with a detection capability > 55 mm and
<200 mm

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

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

where:

S is the minimum distance, in millimetres, from the hazard zone to the detection point, line,
lane or zone;

a parameter in millimetres per second, derived from data on approach speeds" of the
dy or parts of the body with K =1 600 mm/s (see ISO 13855 for details);

the overall system stopping performance in seconds;

an additional distance of 850 mm; according to ISO 13855 this value-is_considered {o be
e standard arm reach.

Ther] see (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.14o Figure AA.6, see AA.1.2.

Side view

IEC

Key
1 — Hazard zone
2 — Test piece

3 — Detection zone

Figure AA.1 — Minimum distance S — Example 1

According to the general description of the test procedure in 5.2.1.1, the test piece shall be
detected when placed inside the detection zone as far as the stated detection capability d.
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Side view
2
1
* O
d
3
S S,
SO

1EC
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.

Side view

IEC

Key
1 — Hazard zone
2 — Test piece

3 — Detection zone

Figure AA.3 — Overall minimum distance S, including tolerance zone — Example 1
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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 measured
distance value 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.

Side view

IEC

Key
1 — Hgzard zone

2 — Tegst piece

3 — Detection zone
d=d

N

Figure AA.4=~Minimum distance S — Example 2

Accgrding to the general déscription of the test procedure in 5.2.1.1 the test piece shqll be
detegted when placed inside the detection zone as far as the stated detection capability|d. If
partigl intrusion of anw.abject into the detection zone as shown by the dimension ¢4 in
Figufe AA.4 leads to detection, then the dimension d; shall be added to the minimum
distance S to ensure’ the correct distance between the hazard zone and an object,| see
Figure AA.5.
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Side view
2
1

ﬁ O

d

3

v

s S

So T

IEC
Key

1 — Hazard zone

2 — Test piece

3 — Detection zone
d, — see Figure AA.4

Figure AA.5 — Overall minimum distance S, without tolerance zone — Example 2

Side view

. @

o e

IEC

Key

1 — Hazard zone

2 — Test piece

3 — Detection zone
d, — see Figure AA.4

Figure AA.6 — Overall minimum distance S, including tolerance zone — Example 2


https://iecnorm.com/api/?name=1e8cd68d0e2d968bcfc5384377a0779c

IEC TS 61496-4-3:2015 © IEC 2015 - 49 —

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
perspns is prevented on two sides by walls or safely fences (top view). The eniry from the
other two sides is monitored by a VBPDST. If a person enters the detection zone, the fobot
stop$ its movement.

The pafety distance S should be calculated in accordance with the examples|given in AA.1.5
and the VBPDST accompanying documents. Furthermore, the distance to(the walls (a)} the
distance to the floor () 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 )zone (4) and the adjgcent
tolerance zone (5).
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Side views in direction of A-A:

Side view 1
(VBPD position 1

Side view 2
(VBPD position 2

I
fo

7

Key

1 — VBPDST position 1
2 — VBPDST position 2

3 — robot

4 — detection zone

5 — tolerance zone S,

6 — direction of approach

7 — hazard zone

IEC

S, — Safety distance according AA.1.2

H — height of detection zone over the
floor level

a — distance to walls

b — distance to the 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

Probab|I|ty of detect|on as used in thls Techmcal Specmcatlon is determlned by the accuracy

This

(Gau

One
VBP
infor
prob
acco

e the detection zone can be calculated by using the normal distribution function A
ula (BB.1).
1[2-;1]2
Fplu)=1- Flu)=1 o\/ﬁf 7 ) dz=05
calculation is based on the assumption that the measurement values follow a nd

ssian) distribution.

method to measure the probability of detection isd4o use the detection information o
DST (ON or OFF state of the OSSDs) for_&ystems not providing object dist

mation. Figure BB.1 shows the relationship{ between test piece position and
hbility of detection in one direction. Other: directions may have to be consid
rdingly.

... 7 :
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IEC

1 — Sensing device

2 — Detection zone

3 — Probability of detection

Figure BB.1 — Relationship between test piece position and the probability of detection
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According to the relationship shown in Figure BB.1, a test piece will be measured as inside
the detection zone with a probability of 0,5 at the position z = x. Without any addition to the
detection zone, the probability of detection would be unacceptably low. It is a requirement of
this Technical Specification that the supplier states an addition which is called the tolerance
zone. Several different influences contribute to the tolerance zone as defined in this Technical
Specification.

BB.2 Tolerance zone related to probability

One

part of the toIerance zone S is related to probablllty (PTZ) The probab|l|ty that a

test

This
(Gau

lua (BB.2).

1 2—u)2
LA
Fo(u—50)=1- [ e ) dz=1-29x10" (E
oN2r 7,
calculation is based on the assumption that the measurement values follow a ng

ssian) distribution. When configuring the detection zone, a tolefance zone related t

devigtion of 5 o should be added to the calculated safety distahce (detection zone). The

prob

BB.1
=y

bbility that it will be measured as inside the detection zonéis 1 — 2,9 x 10~7.

B.2)

rmal
b the
n the

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 positig

ns Zi

near|to the outer border of a fix detection zoe under worst case conditions and to recalcllate
o by differentiation of the discrete prabability of detection values F(z) (as shown in
Figufe BB.2).
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Figure BB.2 — Example for measurement of the probability of detection

IEC
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