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INTERNATIONAL ELECTROTECHNICAL COMMISSION 1 

____________ 2 

 3 

SAFETY OF MACHINERY –  4 

ELECTRO-SENSITIVE PROTECTIVE EQUIPMENT –  5 

 6 

Part 3: Particular requirements for active opto-electronic protective  7 

devices responsive to diffuse reflection (AOPDDR) 8 

 9 

FOREWORD 10 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 11 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 12 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 13 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 14 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their 15 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 16 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 17 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 18 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.  19 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 20 
consensus of opinion on the relevant subjects since each technical committee has representation from all 21 
interested IEC National Committees.  22 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 23 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 24 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 25 
misinterpretation by any end user. 26 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 27 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 28 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.  29 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 30 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 31 
services carried out by independent certification bodies.  32 

6) All users should ensure that they have the latest edition of this publication.  33 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 34 
members of its technical committees and IEC National Committees for any personal injury, property damage or 35 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 36 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 37 
Publications.  38 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 39 
indispensable for the correct application of this publication.  40 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent 41 
rights. IEC shall not be held responsible for identifying any or all such patent rights.  42 

International Standard IEC 61496-3 has been prepared by subcommittee MT61496-3: Safety of 43 

machinery – Electro-sensitive protective equipment – Part 3: Particular requirements for active 44 

opto-electronic protective devices responsive to diffuse reflection (AOPDDR), of IEC technical 45 

committee 44: Safety of machinery – Electrotechnical aspects. 46 

This fourth edition cancels and replaces the third edition published in 2018. This edition 47 

constitutes a technical revision.  48 

This edition includes the following significant technical changes with respect to the previous 49 

edition: 50 

a) Some requirement clauses and test procedures have been adapted or removed because 51 

they have been consolidated in IEC 61496-1:2020 (e.g. 5.4.6.2 Light sources and Clause 52 

A.9); 53 

b) Change of the minimum probability of detection for Type 2; 54 
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c) Using the AOPDDR as a trip device is described as an optional function in A.13. 55 

The text of this standard is based on the following documents:  56 

FDIS Report on voting 

  

Full information on the voting for the approval of this standard can be found in the report on 57 

voting indicated in the above table. 58 

The language used for the development of this document is English. 59 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2 , and 60 

developed in accordance with ISO/IEC Directives, Part  1 and ISO/IEC Directives, IEC 61 

Supplement, available at www.iec.ch/members_experts/refdocs. The main document types 62 

developed by IEC are described in greater detail at  https://www.iec.ch/publications. 63 

This document is to be used in conjunction with IEC 61496-1:2020.  64 

This document supplements or modifies the corresponding clauses in IEC 61496-1:2020 to 65 

specify particular requirements for the design, construction and testing of electro -sensitive 66 

protective equipment (ESPE) for the safeguarding of machinery, employing active opto-67 

electronic protective devices responsive to diffuse reflection (AOPDDR)  for the sensing function. 68 

Where a particular clause or subclause of IEC 61496-1:2020 is not mentioned in this document, 69 

that clause or subclause applies as far as is reasonable. Where this document states "addition" 70 

or "replacement", the relevant text of IEC 61496-1:2020 is adapted accordingly.  71 

Clauses and subclauses which are additional to those of IEC 61496-1:2020 are numbered 72 

sequentially, following on the last available number in IEC 61496-1:2020. Terminological entries 73 

(in Clause 3) which are additional to those in IEC 61496-1:2020 are numbered starting from 74 

3.301. Additional annexes are lettered from AA onwards. 75 

A list of all parts in the IEC 61496 series, published under the general title Safety of machinery 76 

– Electro-sensitive protective equipment, can be found on the IEC website. 77 

The committee has decided that the contents of this publication will remain unchanged until the 78 

stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data related to 79 

the specific publication. At this date, the publication will be  80 

• reconfirmed, 81 

• withdrawn, 82 

• replaced by a revised edition, or 83 

• amended. 84 

 85 

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. 

 86 

  87 
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INTRODUCTION 88 

Electro-sensitive protective equipment (ESPE) is applied to machinery that presents a risk of 89 

personal injury. It provides protection by causing the machine to revert to a safe condition 90 

before a person can be placed in a hazardous situation.  91 

This document supplements or modifies the corresponding clauses in IEC 61496-1:2020 to 92 

specify particular requirements for the design, construction and testing of electro -sensitive 93 

protective equipment (ESPE) for the safeguarding of machinery, employing active opto -94 

electronic protective devices responsive to diffuse reflection (AOPDDRs) for the sensing 95 

function. 96 

Each type of machine presents its own particular hazards, and it is not the purpose of this 97 

document to recommend the manner of application of the ESPE to any particular machine. The 98 

application of the ESPE is a matter for agreement between the equipment supplier, the machine 99 

user and the enforcing authority. In this context, attention is drawn to the relevant guidance 100 

established internationally, for example, IEC 62046 and ISO 12100. 101 

The working group responsible for drafting this document was concerned that,due to the 102 

complexity of the technology, there are many issues that are highly dependent on analysis and 103 

expertise in specific test and measurement techniques. In order to provide a high level of 104 

confidence, independent review by relevant expertise is recommended.  They considered that if 105 

this high level of confidence could not be established these devices would not be  suitable for 106 

use in safety related applications. 107 

  108 
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SAFETY OF MACHINERY –  109 

ELECTRO-SENSITIVE PROTECTIVE EQUIPMENT –  110 

 111 

Part 3: Particular requirements for active opto-electronic protective  112 

devices responsive to diffuse reflection (AOPDDR) 113 

 114 

 115 

 116 

1 Scope 117 

This document specifies additional requirements for the design, construction and testing of non-118 

contact electro-sensitive protective equipment (ESPE) designed specifically to detect persons 119 

or parts of persons as part of a safety-related system, employing active opto-electronic 120 

protective devices responsive to diffuse reflection (AOPDDRs) for the sensing function. Special 121 

attention is directed to requirements which ensure that an appropriate safety -related 122 

performance is achieved. An ESPE can include optional safety-related functions, the 123 

requirements for which are given both in Annex A of this document and in Annex A of IEC 61496-124 

1:2020.  125 

NOTE "Non-contact" means that physical contact is not required for sensing.  126 

Where this document does not contain all necessary provisions, then IEC TS 62998-1 applies. It is also 127 

possible, for those aspects not considered in this document, to use provisions from IEC  TS 128 

62998-1 additionally. 129 

This document does not specify the dimensions or configurations of the detection zone and its 130 

disposition in relation to hazardous parts for any particular application, nor what constitutes a 131 

hazardous state of any machine. It is restricted to the functioning of the ESPE and how it 132 

interfaces with the machine.  133 

AOPDDRs are devices that have either 134 

– one or more detection zone(s) specified in two dimensions (AOPDDR-2D), or 135 

– one or more detection zone(s) specified in three dimensions (AOPDDR-3D) 136 

wherein radiation in the near infrared range is emitted by an emitting element(s). When the 137 

emitted radiation impinges on an object (for example, a person or part of a person), a portion 138 

of the emitted radiation is reflected to a receiving element(s) by diffuse reflection. This reflection 139 

is used to determine the position of the object.  140 

Opto-electronic devices that perform only a single one-dimensional spot-like distance measure-141 

ment, for example, optical proximity switches, are not covered by this document. 142 

This document is limited to ESPE that do not require human intervention for detection. It is 143 

limited to ESPE that detect objects entering into or being present in a detection zone(s) . 144 

This document does not address those aspects required for complex classification or 145 

differentiation of the object detected.  146 

This document does not address requirements and tests for outdoor application.  147 

Excluded from this document are AOPDDRs employing radiation with the peak of wavelength 148 

outside the range 820 nm to 1 100 nm, and those employing radiation other than that generated 149 

by the AOPDDR itself. For sensing devices that employ radiation of wavelengths outside this 150 

range, this document can be used as a guide. This document is relevant for AOPDDRs having 151 

a minimum detectable object size in the range from 30 mm to 200 mm.  152 
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This document can be relevant to applications other than those for the protection of persons, 153 

for example, for the protection of machinery or products from mechanical damage. In those 154 

applications, different requirements can be appropriate, for example when the materials that 155 

have to be recognized by the sensing function have different properties from those of persons 156 

and their clothing. 157 

This document does not deal with electromagnetic compatibility (EMC) emission requirements.  158 

2 Normative references 159 

Addition: 160 

IEC 60068-2-14:2009, Environmental testing – Part 2-14: Tests – Test N: Change of 161 

temperature 162 

IEC 60068-2-75:2014, Environmental testing – Part 2-75: Tests – Test Eh: Hammer tests 163 

IEC 60825-1:2014, Safety of laser products – Part 1: Equipment classification and requirements   164 

IEC 61496-1:2020, Safety of machinery – Electro-sensitive protective equipment – Part 1: 165 

General requirements and tests  166 

IEC 62471:2006, Photobiological safety of lamps and lamp systems 167 

IEC TS 62998-3:2023, Safety of machinery – Safety-related sensors used for the protection of 168 

persons – Part 3: Sensor technologies and algorithms  169 

ISO 13855:2010, Safety of machinery – Positioning of safeguards with respect to the approach 170 

speeds of parts of the human body  171 

ISO 20471:2013, High-visibility clothing – Test methods and requirements  172 

3 Terms and definitions 173 

This clause of IEC 61496-1:2020 is applicable except as follows. 174 

Definition 3.1 is not applicable. 175 

Replacement: 176 

3.3 177 

detection capability 178 

ability to detect the specified test pieces in the specified detection zone 179 

Note 1 to entry: A list of influences which can affect the AOPDDR detection capability is given in 4.2.12.1.  180 

Note 2 to entry: Detection capability is often described by the minimum detectable object size and the object  181 
reflectivity. The supplier can state more than one value as the minimum detectable object size, for example depending 182 
on distances or mounting conditions. For an AOPPDR-2D the minimum detectable object size is the diameter of the 183 
cylindrical test piece. 184 

Note 3 to entry: A decrease of detection capability does not mean that a smaller object can be detected.  185 

[SOURCE: IEC 61496-1:2020, 3.3, modified – The text has been changed to make it more 186 

relevant to AOPDDR and Notes 1 to 3 have been added.] 187 
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3.4 188 

detection zone, <of an AOPDDR>  189 

zone within which the specified test piece(s) is detected by the AOPDDR with a minimum 190 

required probability of detection 191 

Note 1 to entry: A tolerance zone is necessary to achieve the required probability of detection of the specified test 192 
piece(s) within the detection zone.  193 

Addition: 194 

3.301 195 

active opto-electronic protective device responsive to diffuse reflection  196 

AOPDDR 197 

device using active optical radiation to detect the diffuse reflection of an object present in a 198 

detection zone specified in two or three dimensions 199 

Note 1 to entry: This note applies to the French language only.  200 

3.302 201 

AOPDDR-2D 202 

AOPDDR that has one or more detection zone(s) specified in two dimensions  203 

Note 1 to entry:  When the third dimension of each detection zone is not greater than the minimum detectable object 204 
size, the AOPDDR is regarded as 2D. 205 

Example:  A laser scanner that performs distance measurement by measuring the time a pulse needs for travelling 206 
from the sensing device to an object and back to the sensing device. An AOPDDR-2D that has more than one 207 
detection zone can carry out distance measurements in different planes.  208 

Note 2 to entry: This note applies to the French language only.  209 

3.303 210 

AOPDDR-3D 211 

AOPDDR that has one or more detection zone(s) specified in three dimensions  212 

Note 1 to entry:  When the third dimension of each detection zone is greater than the minimum detectable object 213 
size, the AOPDDR is regarded as 3D. The detection zone(s) can be set-up for example as a volume in the shape of 214 
a pyramid or a cone.  215 

Example: A laser scanner with two perpendicular positioned moving mirrors or time-of-flight-cameras (TOF) that 216 
perform distance measurement on several pixels. An AOPDDR-3D that has more than one detection zone can carry 217 
out distance measurements in different volumes. 218 

Note 2 to entry: This note applies to the French language only.  219 

3.304 220 

centre axis 221 

line through the origin of distance measurement and the centre of the maximum detection zone  222 

Note 1 to entry: See Figure 1 and Figure 2. 223 

3.305 224 

corner axis 225 

line through the origin of distance measurement and defined by the bounding line of the 226 

detection zone 227 

Note 1 to entry: See Figure 1 and Figure 2. 228 

3.306 229 

maximum detection zone 230 

largest dimension of the detection zone specified by the supplier 231 
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3.307 232 

minimum detection zone 233 

smallest dimension of the detection zone which is necessary to ensure the integrity of the 234 

detection capability 235 

3.308 236 

position accuracy 237 

accuracy in one or more dimension(s) of the position of an object as measured by the ESPE 238 

3.309 239 

tolerance zone 240 

TZ 241 

zone outside of and adjacent to the detection zone within which the specified test piece(s) is 242 

detected with a probability of detection lower than the required probabi lity within the detection 243 

zone 244 

Note 1 to entry: The tolerance zone is necessary to achieve the required probability of detection of the specified 245 
test piece(s) within the detection zone 246 

Note 2 to entry: For explanation of the concept of probability of detection and the tolerance zone, see Annex BB. 247 

Note 3 to entry: This note applies to the French language only.  248 

3.310 249 

zone with limited detection capability 250 

zone, between the optical window and the beginning of the detection zone, where the detection 251 

capability is not achieved 252 

 253 

Addition: 254 

Abbreviated terms 255 

AGV automated guided vehicle 256 

AOPDDR active opto-electronic protective device responsive to diffuse reflection  257 

BTD basic test distance 258 

ESPE electro-sensitive protective equipment 259 

lx Lux 260 

OSSD output signal switching device 261 

POD probability of detection 262 

TZ tolerance zone 263 

4 Functional, design and environmental requirements 264 

This clause of IEC 61496-1:2020 is applicable except as follows. 265 

4.1 Functional requirements 266 

4.1.2 Sensing function 267 

Addition: 268 

The detection zone shall begin at the border of the zone with limited detection capability and 269 

end within the maximum operating distance. 270 
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Object(s) in the zone with limited detection capability shall not reduce the detection capability 271 

within the detection zone. Any reduction of the detection capability shall be detected and the 272 

AOPDDR shall go to lock-out condition. 273 

The AOPDDR shall respond by giving appropriate output signal(s) when a test piece is present 274 

anywhere within the detection zone whether static or moving with respect to the AOPDDR. 275 

The supplier shall specify the limits of the detection capability. The supplier shall take into 276 

account all influences listed in this document. 277 

4.1.3 Types of ESPE 278 

Replacement: 279 

In this document, only type 2 and type 3 ESPE are considered. The types differ in their 280 

performance in the presence of faults, under influences from environmental conditions and for 281 

AOPDDR in the probability of detection. It is the responsibility of the machine supplier and/or 282 

the user to prescribe which type is suitable for a particular application.  283 

The type 2 ESPE shall fulfil the fault detection requirements of 4.2.2.3 of this document. In 284 

normal operation, the output circuit of each of at least two output signal switching devices 285 

(OSSDs) or of one output signal switching device (OSSD) and one secondary switching device 286 

(SSD) of the type 2 ESPE shall go to the OFF-state when the sensing device is actuated, or 287 

when the power is removed from the device.  288 

The type 3 ESPE shall fulfil the fault detection requirements of 4.2.2.4 of this document. In 289 

normal operation, the output circuit of each of at least two output signal switching devices 290 

(OSSDs) of the type 3 ESPE shall go to the OFF-state when the sensing device is actuated, or 291 

when the power is removed from the device.  292 

When a single safety-related data interface is used to perform the functions of the OSSD(s), 293 

then the data interface and associated safety-related communication interface shall meet the 294 

requirements of 4.2.4.4. In this case, a single safety-related data interface can substitute for 295 

two OSSDs in a type 3 ESPE. 296 

 297 

Addition: 298 

4.1.6 Zone(s) with limited detection capability 299 

In order to ensure no hazard can arise in a particular application due to the presence of one or 300 

more zone(s) with limited detection capability, its dimensions and appropriate information for 301 

use shall be provided by the supplier.  302 

If the zone with limited detection capability extends more than 50 mm from the optical window 303 

in direction to the detection zone(s), then additional and effective technical measures shall be 304 

applied to prevent undetected presence of objects or persons or parts of persons in the zone 305 

with limited detection capability.  306 

4.2 Design requirements 307 

4.2.2 Fault detection requirements 308 

4.2.2.2 Particular requirements for a type 1 ESPE 309 

This subclause of IEC 61496-1:2020 is not applicable. 310 
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