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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF MACHINERY -
ELECTRO-SENSITIVE PROTECTIVE EQUIPMENT -

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

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization fr st
all national electrotechnical committees (IEC National Committees). The
international co-operation on all questions concerning standardization in the el
this end and in addition to other actlvmes IEC publlshes International S
Technical Reports,

ndardization comprising

the latter.

5) IEC provides no_ marking procedure to ™ approval and cannot be rendered responsible for any
equipment decl grmi i ublication.

6) All users should ensuyé tha t edition of this publication.

7) No liability shall atta or ts directors, employees, servants or agents including individual experts and
members of its technical C National Committees for any personal injury, property damage or
other damage~of any nature wh tsoever whether direct or indirect, or for costs (including legal fees) and
expenses a tion, use of, or reliance upon, this IEC Publication or any other IEC
Publicati

8) Attentio e Normative references cited in this publication. Use of the referenced publications is
indispensa

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject 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. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC 61496-4, which is a technical report, has been prepared by IEC technical committee 44:
Safety of machinery — Electrotechnical aspects, in collaboration with CENELEC technical
committee 44X: Safety of machinery — Electrotechnical aspects

Documents

Document Sharing Hub

Full document details: IEC TR 61496-4 2007


http://www.avadocuments.com/doc/iec-tr-61496-4-2007
http://www.avadocuments.com/doc/iec-tr-61496-4-2007

—4 - TR 61496-4 © IEC:2007

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

Enquiry draft Report on voting
44/536/DTR 44/545/RVC

Full information on the voting for the approval of this technical report 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 technical report constitutes Part 4 of the IEC 61496 series and is intfénded to be read in
conjunction with IEC 61496-1. When a particular clause or subclause IEC 61496-1 is not
mentioned in this technical report, that clause or subclause applies a i
Where this technical report states "addition", "modification" or

of IEC 61496-1 is to be adapted accordingly.

The committee has decided that the contents of this
maintenance result date |nd|cated on the IEC web-site

* reconfirmed,
+ withdrawn,
* replaced by a revised edition, or
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INTRODUCTION

This technical report provides information related to the design, construction and testing of
electro-sensitive protective equipment (ESPE) that employs vision-based protective devices
(VBPDs) for the sensing function for the safeguarding of machinery.

At the time of writing this technical report, there were no commercial examples of VBPDs on
the market. Therefore, to provide an example of a VBPD for the writing of this technical report,
the working group used the results of a Japanese research project. The working group
understands that the possibilities for VBPDs are much greater than the limited technologies
demonstrated by this example. When real systems do arrive, it is believed that some of the
basic concepts put forth in this technical report can be used as a guide for _the evaluation and
testing of those first systems.

using a passive reference pattern).

O
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SAFETY OF MACHINERY -
ELECTRO-SENSITIVE PROTECTIVE EQUIPMENT -

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

1 Scope

Replacement

This part of IEC 61496 specifies requirements for the d and testing of
electro-sensitive protective equipment (ESPE) designe y- to\detect persons as part
of a safety-related system, employing vision-based protec ¢ BPDs) for the sensing
function. Special attention is directed to feature i t.an appropriate safety-
related performance is achieved. An ESPE ma safety-related functions, the
requirements for which are given in Anhe 3 ¢ is technical report.

This technical report does not specify th or configurations of the detection zone
and its disposition in relation to hazard ny particular application, nor what
constitutes a hazardous st icted to the functioning of the ESPE

detection
e |tis limited tc@o 3 i 3 PEs that detect objects entering into, or present in,
a detection zone

e Excluded from this™\p D employing radiation at wavelengths outside the range
400 nm to

e This technical re ot address those aspects required for complex classification or
differént

This technicakreport\may be relevant to applications other than those for the protection of
persons, for example ‘the protection of machinery or products from mechanical damage. In
those applications, additional requirements may 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 report does not deal with EMC emission requirements.

2 Normative references
Additions:

IEC 60825-1:2007, Safety of laser products — Part1: Equipment classification and
requirements

ISO 13855:2002, Safety of machinery — Positioning of protective equipment with respect to the
approach speeds of parts of the human body Documents
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3 Terms and definitions
Replacement:

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

NOTE Detection capability is generally measured by the size of object that can be detected. An increase in
detection capability means that a smaller object can be detected.

Additions:

3.401
image
array of pixels

3.402

imaging sensor
optoelectronic device which produces electrical signa
image

he characteristics of an

3.403

passive pattern

static (i.e. fixed location and not changing) regule 2’ flat background that covers at
; uration of part of the pattern causes

detection

NOTE Regularity of the patter
the imaging sensor.

3.404
pattern elemen
unique part of the pa

used in this tech
square)

3.405
physical
for a senso

3.406
pixel
area of the smallest element of a picture that can be distinguished from its neighbouring
elements

3.407

sensing zone

three-dimensional volume (for example in the shape of a pyramid or cone) defined by the field
of view of the image sensor and with the apex at the optical window of the sensor device. A
zone of limited detection capability and a detection zone are contained within the sensing zone.
The zone of limited detection capability is located between the optical window of the sensor
device and the detection zone

3.408
test piece
object used to verify the detection capability of the vision based protective device (VBPD)
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3.409

tolerance zone

zone outside the detection zone which is necessary to achieve the required probability of
detection of the specified test piece within the detection zone

3.410

vision-based protective device (VBPD)

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

NOTE For this technical report, the VBPD consists of an image-sensing device viewing a two-dimensional image
against a passive pattern as the background.

3.411

zone with limited detection capability

zone within the sensing zone in which the detection capability is low
supplier. Its dimensions and appropriate information for use are provid

NOTE Limitations can be size, colour, etc.
4 Functional, design and environmental req
This clause of Part 1 is applicable except as follo

4.1 Functional requirements

Replacement:

4.1.2 Sensing function

end at the passive:att
NOTE It is possible that ¢

defining a test procedure~vhich adequately verifies integrity of detection capability (see Figure 2).
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| AAD
<

IEC 1105/07

A — Operating distance Zone with limited detection capability

B — Optical window

C — Tolerance ZoneQ
D — Imaging sensor device

— Tolerance Zone
G — Background (passive pattern)

H — Detection zone

of VBPD using a passive pattern
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IEC 1106/07

Figure 2 — Examples of circular disc test pieces according to 4.2.13.3

NOTE Figure 2 shows the following:

A example of a passive pattern with 8 x 46 pattern elements;

B sections of the passive pattern with the dimension of a circular test piece. B1 to B4 correspond to the
requirement of 4.1.2 that the relationship of the minimum detectable object size and the size of the
elements of the background pattern should be greater than, or equal to, three.

C examples of circular disc test pieces with non-regular patterns. The examples follow the recommendation
of 4.2.13.3 that such a non-regular pattern should have a difference of approximately 25 % of the pattern

elements. In C1 to C4 the area of change is approximately two pattern elements and in C5 to C8
approximately five pattern elements.
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4.1.21 General

The sensing function should be effective over the specified detection zone. No adjustment of
the detection zone or detection capability should be possible without the use of a security
measure (for example key, key-word or tool).

The sensing device of a VBPD should respond by giving (an) appropriate output signal(s) when
a test piece is placed anywhere within the detection zone either static or moving, at any speed
between 0 m/s and 1,6 m/s.

Where the supplier states that a VBPD can be used to detect objects moving at speeds greater
than those specified above, the above requirements should be met at any speed up to and
including the stated maximum speed(s).

Objects which mimic the passive pattern or are similar in appearanc
that are present in the detection zone should be detected and the
giving an appropriate output signal(s).

4.1.2.2 Optical performance
The VBPD should be designed and constructed to
a) limit the possibility of malfunction during expes ¢ adiation in the range of

400 nm to 1 500 nm;

b) Ilimit the effects of environmentak.i erature) vibration and bumps, dust,
moisture, ambient light, extraneous illumination, shadows,
background reflectivity);

c) limit the misalignment at which normal

Addition:

4.1.4 Zone with<£§ <

A zone between the o he beginning of the detection zone is referred to as a
1 order to ensure no hazard can arise in a particular

application du of this zone between the optical window and the detection
zone, its dime 3 opriate information for use should be provided by the supplier.

4.2.12 Integrity of the VBPD detection capability

The design of the VBPD should ensure that the detection capability is not degraded below the
limits specified by the supplier and in this technical report when the VBPD is operated under
any and all combinations of the following:

— any condition within the specification of the supplier;

— environmental conditions specified in 4.3 (IEC 61496-1 and IEC 61496-4);

— at the limits of alignment and/or adjustment.

f a single fault (as specified in Annex B of IEC 61496-1), which under normal operating
conditions (see 5.1.2.1 of IEC 61496-1) would not result in a loss of VBPD detection capability
but, when occurring with a combination of the conditions specified above, would result in such
a loss, that fault together with that combination of conditions should be considered as a single
fault and the VBPD should respond to such a single fault as required in 4.2.2.
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4.2.13 Test pieces for type testing
4.2.13.1 General

The test pieces are part of the VBPD and should therefore be provided by the supplier for use
in the type tests of Clause 5. They should be marked with a type reference and identification of
the VBPD with which they are intended to be used.

The diameters of the test pieces should not exceed 200 mm to assure suitability for whole body
detection. The test pieces should be opaque.

Different test pieces can be required for different phases of the test procedures.

Characteristics of the test piece which should be considered are:

— size;
— shape;
— colour;

— reflectivity;

— contrast with background;

— texture.

background should be taken into accoun

4.2.13.2 Spherical test piece

as result of the analys
test piece. Test )

compensating for~contamination or ageing of the background pattern, relationship between size
of pattern elements, detection capability and pixel resolution).

NOTE A non-regular pattern should have a difference of approximately 25 % of the elements (examples of test
piece patterns are given in Figure 2).

4.2.13.4 Cylindrical test piece
If the VBPD is intended for use only as a trip device, the test piece should be a cylindrical

object with a diameter equal to the detection capability and a length of 150 mm. The cylindrical
test piece should have the same surface characteristics as the spherical test piece.

4.2.14 Wavelength

VBPDs should operate at a wavelength within the range 400 nm to 1 500 nm.
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4.2.15 Radiation intensity
Where the VBPD is of the type that generates laser light the radiation intensity emitted by the

VBPD should at no time exceed the maximum power or energy levels for a class 1M device in
accordance with 8.2 of IEC 60825-1.

NOTE The use of class 2M devices is under consideration.
4.3 Environmental requirements
4.3.1 Ambient air temperature range and humidity

Addition:

The ESPE should not fail to danger when subjected to a rapid chang erature and

humidity leading to condensation on the optical window.
This requirement is verified by the condensing test of 5.4.2.

4.3.3 Mechanical requirements

Addition:

a \ 3 er than these of IEC 61496-1. In particular,
relative movement between the sensor and pasgsive e ause unrelidble operation.

4.3.5 Light interference

The VBPD should continue in normal o

— incandescent light;
— flashing beacons;

— fluorescent Ii@
The VBPD should™¢onti

— manufacturer’s required illumination fading to zero lux.

The VBPD should not fail to danger when shadows of objects (in accordance with 5.4.6.5)
appear on the passive pattern.

No requirements are given for immunity to other extraneous light sources which may cause
abnormal operation or failure to danger.

Based on the technologies and algorithms used as well as the analysis of 5.2.9.1, additional
tests may be necessary.

4.3.6 Pollution interference
4.3.6.1 Effects on optical window

Pollution on the window should not lead to a failure to danger.
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4.3.6.2 Effects on passive pattern

Changes in the passive pattern (for example ageing or damage caused by environmental
effects) should not lead to a failure to danger.

4.3.6.3 Effects in the detection zone

Pollution within the detection zone should not lead to a failure to danger.

4.3.7 Changes of passive pattern

Changes of the passive pattern caused by, for example fading, ageing, mechanical effects or
contamination should not lead to a failure to danger.

4.3.8 Manual interference

The following conditions should not lead to a failure to danger:

5 Testing
This clause of Part 1 is applicable except as follows:

5.1 General

Addition:

In the following tests, it should be verified that when the OSSD(s) go to the OFF-state, they
remain in the OFF-state while the test piece is present in the detection zone or for at least 80
ms, whichever is greater.

5.1.2.1 Test environment
Addition:

— ambient lighting condition: 200 lux to 750 lux. Documents
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