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Preface

This Standard was prepared by the Standards Australia/Standards New Zealand Committee SF-041, 
Safety of Machinery.

The objective of this document is to set out requirements for the development and integration of safety 
related sensors (SRS) and safety related sensor systems (SRSS) used for protection of persons with 
special attention to systematic capabilities.

This generic standard only applies if—

(a)	 protection of persons is to be performed by using sensors;

(b)	 standards for functional safety of electrical control systems address sensor(s) as subsystem or 
subsystem element; and

(c)	 product specific sensor standards (e.g. IEC 61496 (all parts), AS/NZS 4024.2803, IEC 60947‑5‑2) do 
not contain all necessary provisions, or product specific sensor standards are not developed.

The requirements and methods within this document are limited to the purpose of protection of persons—

(i)	 by detection of potentially hazardous objects;

(ii)	 by detection of a body, parts of a body and objects associated to parts of a body entering a 
hazardous area; or

(iii)	by classification respective discrimination of these against other objects.

This document can be relevant to applications other than those for the protection of persons in 
industries, for example, for the protection of persons in public like agriculture or metro stations.

This document does not consider and address proven in use (e.g. processes or elements) as done in 
IEC 61508‑2.

This document is an adoption with national modifications, and has been reproduced from, IEC TS 62998-
1:2019, Safety of machinery — Safety-related sensors used for the protection of persons. The modifications 
are additional requirements and are set out in Appendix ZZ, which has been added at the end of the 
source text.

Appendix ZZ lists the variations to IEC TS 62998-1:2019 for the application of this document in Australia 
and New Zealand.

As this document has been reproduced from an International Standard, the following applies:

(A)	 In	the	source	text	“this	Technical	Specification”	should	read	“this	document”.

(B) A full point substitutes for a comma when referring to a decimal marker.

Australian or Australian/New Zealand Standards that are identical adoptions of international 
normative references may be used interchangeably. Refer to the online catalogue for information on 
specific Standards.

The terms “normative” and “informative” are used in Standards to define the application of the 
appendices or annexes to which they apply. A “normative” appendix or annex is an integral part of a 
Standard, whereas an “informative” appendix or annex is only for information and guidance.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
SAFETY OF MACHINERY – 

 
Safety-related sensors used for the protection of persons 

 
FOREWORD 

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

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

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

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

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

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

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

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

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. 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. 

IEC TS 62998-1, which is a Technical Specification, has been prepared by IEC technical 
committee TC 44: Safety of machinery – Electrotechnical aspects. 
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The text of this Technical Specification is based on the following documents: 

Draft TS Report on voting 

44/826/DTS 44/839A/RVDTS 

 
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 document has been drafted in accordance with the ISO/IEC Directives, Part 2. 

A list of all parts in the IEC 62998 series, published under the general title Safety of 
machinery, can be found on the IEC website. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 
the specific document. At this date, the document will be 

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 
 

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 

Safety related sensors are applied to machinery presenting a risk of personal injury. They 
provide protection by causing the machine to revert to a safe condition before a person can 
be placed in a hazardous situation. 

IEC 61496 (a l l  p a r t s )  provides design and performance requirements of e lec t r o -sens i t i ve  
pro tec t i ve  equ ipm en t  (ESPE). It gives a clear but limited guideline for 

– specific sensor technologies (like optical sensors) or sensing functions (like capability to 
detect a specified object); 

– typical conditions representing indoor use in industrial environment; 
– detection of objects representing parts of body of adults using the properties geometry 

and reflectivity; 
– design, functional requirements and tests in accordance with ESPE specific safety 

performance classification in types (2,3 and 4). 

Autonomous systems like a u t o m a t e d  g u i d e d  ve h i c l e s  ( AGV), service robotics or human 
machine interaction in industries show an increasing demand, for example in 

– new sensor technologies (e.g. radar, ultrasonic sensors), 
– new kind of sensor functions (e.g. classification of objects, position of an object), and 
– combination of different sensor technologies in a sensor system. 

Sensor manufacturers or integrators use in such cases generic functional safety standards 
as guideline for the safety related product design. Generic functional safety standards like 
IEC 61508 (all parts) or sector specific machinery standards like IEC 62061 or ISO 13849 (all 
parts) are general and product design can be carried out without inappropriate limitations. 
Applying these standards would require a dedicated analysis of systematic capabilities of a 
sensor or sensor system (e.g. dependability of the sensing function under tolerance 
conditions and environmental influences). There is not enough guidance given in these 
standards to prevent design failures or insufficient capability to detect the specified object in 
certain environmental conditions. This can result in an intolerable risk for persons. 

This document fills the gap for the examination of systematic capabilities between d e s i g n  
s p e c i f i c  s e n s o r  s t a n d a r d s  and generic functional safety standards of electrical, 
electronic or programmable electronic control systems.  

NOTE 1 Examples for the examination of systematic capabilities by using different safety related sensor 
standards are given in Annex A. 

This document is addressed to safety related sensor manufacturers and integrators of safety 
related sensors into a safety related sensor system. 

NOTE 2 Examples for addressed user groups are given in Annex B. 
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SAFETY OF MACHINERY – 
 

Safety-related sensors used for the protection of persons 
 
 
 

1 Scope 

This Technical Specification gives requirements for the development and integration of safety 
related sensors (SRS) and safety related sensor systems (SRSS) used for protection of 
persons with special attention to systematic capabilities. 

This generic standard only applies if 

– protection of persons is to be performed by using sensors, and 
– standards for functional safety of electrical control systems address sensor(s) as 

subsystem or subsystem element, and 
– product specific sensor standards (e.g. IEC 61496 (all parts), IEC 60947-5-2) do not 

contain all necessary provisions, or product specific sensor standards are not developed. 

The approach of examination of systematic capabilities by using different safety related 
sensor standards is described in Annex A. 

The requirements and methods within this document are limited to the purpose of protection 
of persons 

– by detection of potentially hazardous objects, 
– by detection of a body, parts of a body and objects associated to parts of a body entering 

a hazardous area, or  
– by classification respective discrimination of these against other objects. 

NOTE 1 Application of SRS/SRSS in public can require detecting not only of persons, but also their associated 
equipment, for example wheelchairs, walking sticks or infusion stands. 

Performance classes of sensors and sensor systems are defined in accordance with existing 
functional safety standards (e.g. IEC 62061, IEC 61508 (all parts), and ISO 13849 (all parts)). 

NOTE 2 T here will be no definitions of or interconnections to the types as defined in IEC 61496-1 within this 
document to simplify and prevent misuse. Simplification for end users is achieved by correlation to existing PL, 
SIL or SILcl. 

Special attention is given to the sensing function and dependability of the detection capability. 
Environmental influences and tests for indoor and outdoor use are defined which influence 
the sensing function and dependability of the detection capability. 

NOTE 3 Environmental influences, their classification and test procedures are primarily specified in accordance 
with generic environmental standards. More specific requirements and tests are only described in absence of 
respective standards. 

This document can be relevant to applications other than those for the protection of persons 
in industries, for example, for the protection of persons in public like agriculture or metro 
stations. 

This document does not consider and address proven in use (e.g. processes or elements) as 
done in IEC 61508-2. 

AS/NZS 4024.2804:2021

© Standards Australia Limited/Standards New Zealand 2021

Full document details: AS NZS 4024.2804-2021

http://www.avadocuments.com/doc/as-nzs-4024-2804-2021
http://www.avadocuments.com/doc/as-nzs-4024-2804-2021


 – 10 – IEC TS 62998-1:2019 © IEC 2019 

2 Normative references 

The following documents, in whole or in part, are normatively referenced in this document and 
are indispensable for its application. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC 60068 (all parts), Environmental testing  

IEC 60204-1, Safety of machinery – Electrical equipment of machines – Part 1: General 
requirements 

IEC 60721 (all parts), Classification of environmental conditions  

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

IEC 61010-1, Safety requirements for electrical equipment for measurement, control, and 
laboratory use – Part 1: General requirements 

IEC 61508 (all parts), Functional safety of electrical/electronic/programmable electronic safety-
related systems 

IEC 61496-1:2012, Safety of machinery – Electro-sensitive protective equipment – Part 1: 
General requirements and tests 

IEC 62061:2005, Safety of machinery – Functional safety of safety-related electrical, 
electronic and programmable electronic control systems  
IEC 62061:2005/AMD1:2012 
IEC 62061:2005/AMD2:2015 

IEC 62471, Photobiological safety of lamps and lamp systems 

ISO 7250 (all parts), Basic human body measurements for technological design 

ISO 13849 (all parts), Safety of machinery – Safety-related parts of control systems  

ISO 25119 (all parts), Tractors and machinery for agriculture and forestry – Safety-related 
parts of control systems 

ISO 26262 (all parts), Road vehicles – Functional safety 

CEN/CENELEC Guide 14, Child safety – Guidance for its inclusion in standards 

3 Terms and definitions 

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

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

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 
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3.1 Characteristics and performance criteria 

3.1.1  
automation related zone 
part of the sensing zone within which specified objects(s) are detected in order to perform an 
automation related function 

3.1.2  
safety-related zone 
part of the sensing zone within which specified safety related object(s) will be detected 

3.1.3  
sensing zone 
zone defined by length, area or volume within which objects are detected and an SRS or 
SRSS function is performed  

3.1.4  
systematic capability 
measure (expressed on a scale of SC 1 to SC 4) of the confidence that the systematic safety 
integrity of an element meets the requirements of the specified SIL, in respect of the specified 
element safety function, when the element is applied in accordance with the instructions 
specified in the compliant safety manual for the element 

Note 1 to entry: Systematic capability is determined with reference to the requirements for the avoidance and 
control of systematic faults (see IEC 61508-2 and IEC 61508-3). 

Note 2 to entry: What a relevant systematic failure mechanism is, will depend on the nature of the element. For 
example, for an element comprising solely software, only software failure mechanisms will need to be considered. 
For an element comprising hardware and software, it will be necessary to consider both systematic hardware and 
software failure mechanisms. 

Note 3 to entry: A systematic capability of SC N for an element, in respect of the specified element safety 
function, means that the systematic safety integrity of SIL N has been met when the element is applied in 
accordance with the instructions specified in the compliant item safety manual for the element. 

[SOURCE: IEC 61508-4:2010, 3.5.9] 

3.1.5  
detection 
determination of the presence and/or value of a physical property 

Note 1 to entry: As example classification can be a step of detection containing other steps like reception of 
physical signal and filtering. 

3.1.6  
detection capability 
ability to perform the detection within the limits of use as specified by the manufacturer 

3.1.7  
loss of detection capability 
event of SRS/SRSS when detection is not achieved within the limits of use as specified by the 
manufacturer 

Note 1 to entry: A loss of detection could result from a degradation of detection capability. A degradation could be 
of interest for analysis of reduced integrity of detection resulting in a dangerous state.  

3.1.8  
physical property 
individual measurable property of an object being observed 
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3.1.9  
measurement accuracy 
accuracy of measurement 
accuracy 
closeness of agreement between a measured quantity value and a true quantity value of a 
measurand 

SEE: Figure 1. 

 

Figure 1 – Measurement accuracy and measurement uncertainty  

[SOURCE: ISO/IEC Guide 99:2007, 2.13, modified – The notes to entry have been removed, 
and the figure has been added.] 

3.1.10  
measurement uncertainty 
non-negative parameter characterizing the dispersion of the quantity values being attributed 
to a measurand, based on the information used 

[SOURCE: ISO/IEC Guide 99:2007, 2.26, modified – The two other terms "uncertainty of 
measurement" and "uncertainty" has been removed as well as the notes to entry.] 

3.2 Dependability 

3.2.1  
availability 
ability to be in a state to perform as required  

Note 1 to entry:  Availability depends upon the combined characteristics of the reliability (192-01-24), 
recoverability (192-01-25), and maintainability (192-01-27) of the item, and the maintenance support performance 
(192-01-29).  

Note 2 to entry: Availability may be quantified using measures defined in Section 192-08, Availability related 
measures. 

[SOURCE: IEC 60050-192:2015, 192-01-23] 

3.2.2  
dependability 
ability to perform as and when required 

Note 1 to entry: Dependability includes availability (192-01-23), reliability (192-01-24), recoverability (192-01-25), 
maintainability (192-01-27), and maintenance support performance (192-01-29), and, in some cases, other 
characteristics such as durability (192-01-21), safety and security.  

Note 2 to entry: Dependability is used as a collective term for the time-related quality characteristics of an item.  
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[SOURCE: IEC 60050-192:2015, 192-01-22, modified – The specific use "of an item" given 
after the term has been removed.] 

3.2.3  
reliability 
ability to perform as required, without failure, for a given time interval, under given conditions 

Note 1 to entry:  The time interval duration can be expressed in units appropriate to the item concerned, for 
example calendar time, operating cycles, distance run, etc., and the units should always be clearly stated.  

Note 2 to entry:  Given conditions include aspects that affect reliability, such as: mode of operation, stress levels, 
environmental conditions, and maintenance. 

Note 3 to entry: Reliability can be quantified using measures defined in Section 192-05, Reliability related 
concepts: measures. 

[SOURCE: IEC 60050-192:2015, 192-01-24, modified – The specific use "of an item" given 
after the term has been removed.] 

3.2.4  
error 
discrepancy between a computed, observed or measured value or condition, and the true, 
specified or theoretically correct value or condition   

[SOURCE: IEC 60050-192:2015, 192-03-02, modified – The notes to entry have been 
removed.] 

3.2.5  
failure 
termination of the ability of an item to perform a required function  

Note 1 to entry: After failure, the item has a fault. 

Note 2 to entry: "Failure" is an event, as distinguished from "fault", which is a state. 

Note 3 to entry: This concept, as defined, does not apply to items consisting of software only.  

Note 4 to entry: In practice, the terms " fault" and "failure" are often used synonymously. 

3.2.6  
failure to danger 
failure which results in the inability to perform the safety related function within the stated 
response time 

3.2.7  
fault 
inability to perform as required, due to an internal state 

Note 1 to entry: A fault of an item results from a failure, either of the item itself, or from a deficiency in an earlier 
stage of the life cycle, such as specification, design, manufacture or maintenance. See latent fault (192-04-08). 

Note 2 to entry: Qualifiers, such as specification, design, manufacture, maintenance or misuse, may be used to 
indicate the cause of a fault. 

Note 3 to entry: The type of fault may be associated with the type of associated failure, for example wear-out fault 
and wear-out failure. 

Note 4 to entry: The adjective "faulty" designates an item having one or more faults.  

[SOURCE: IEC 60050-192:2015, 192-04-01, modified – The specific use "of an item" given 
after the term has been removed.] 
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3.3 Procedures and architectural deliberations 

3.3.1  
risk analysis 
systematic use of available information to identify hazards and to estimate the risk 

[SOURCE: ISO/IEC Guide 51:2014, 3.10]  

3.3.2  
risk reduction measure  
protective measure 
action or means to eliminate hazards or reduce risks 

EXAMPLE Inherently safe design; protective devices; personal protective equipment; information for use and 
installation; organization of work; training; application of equipment; supervision. 

[SOURCE: ISO/IEC Guide 51:2014, 3.13] 

3.3.3  
tolerable risk 
level of risk that is accepted in a given context based on the current values of society 

[SOURCE: ISO/IEC Guide 51:2014, 3.15, modified – The note to entry has been removed.] 

3.3.4  
design and development 
activities that take an idea or requirement and transform these into a product  

Note 1 to entry: The process of design and development usually follows a series of defined steps starting with an 
initial idea, transforming that into a formal specification, and resulting in the creation of a working prototype and 
whatever documentation is required to support production of the goods or provision of the service. 

[SOURCE: IEC 62430:2009, 3.1] 

3.3.5  
simulation 
modelling of an SRS/SRSS or of subparts via calculation or via a software behavioural model 
used for a systematic and/or stochastic analysis of functional performance and the correct 
dimensioning and interaction of its subsystems 

3.3.6  
calibration 
set of operations which establishes, by reference to standards, the relationship which exists, 
under specified conditions, between an indication and a result of a measurement 

Note 1 to entry: This term is based on the "uncertainty" approach. 

Note 2 to entry: The relationship between the indications and the results of measurement can be expressed, in 
principle, by a calibration diagram. 

Note 3 to entry: Standards used as reference could be scale of length objects located in the sensing zone 
continuously or temporarily. 

Note 4 to entry: Within this document, only calibration at the user side is specifically addressed. Calibration used 
during production of an SRS/SRSS is a measure which can be used to achieve the stated detection capability at 
manufacturer side, is part of analysis during design and development and not specifically addressed. 

[SOURCE: IEC 60050-311:2001, 311-01-09, modified – Notes 3 and 4 to entry have been 
added.] 
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3.3.7  
calibration procedure 
documented, verified, and validated procedure that specifically describes a set of operations 
used in the performance of particular measurements according to a given method 

Note 1 to entry: Calibration procedure used in the context of this document includes both calibration and 
adjustment. 

[SOURCE: IAS Calibration and testing laboratory accreditation programs definitions, 2018, 
modified – The note to entry has been added.] 

3.3.8  
machinery 
machine assembly, fitted with or intended to be fitted with a drive system consisting of linked 
parts or components, at least one of which moves, and which are joined together for a specific 
application 

Note 1 to entry: The term "machinery" also covers an assembly of machines which, in order to achieve the same 
end, are arranged and controlled so that they function as an integral whole. 

Note 2 to entry: Annex A of ISO 12100:2010 provides a general schematic representation of a machine. 

[SOURCE: ISO 12100:2010, 3.1, modified – The second term "machine" has been removed, 
but added to the definition before "assembly".] 

3.3.9  
safety-related system 
designated system that both 

– implements the required safety functions necessary to achieve or maintain a safe state for 
the EUC (equipment under control); and 

– is intended to achieve, on its own or with other E/E/PE safety related systems and other 
risk reduction measures, the necessary safety integrity for the required safety functions 

[SOURCE: IEC 61508-4:2010, 3.4.1, modified – The notes to entry have been removed.] 

3.3.10  
safety-related electrical control system 
SCS 
part of the control system of a machine which implements a safety function 

Note 1 to entry: A SCS is the combination of one or more subsystems necessary to implement the respective 
safety sub-function(s). 

Note 2 to entry: SCS is similar to SRECS of IEC 62061:2005. 

Note 3 to entry: A machine has as many SCS as it has safety functions. One SCS is dedicated to one safety 
function of the machine. 

Note 4 to entry: SCS has a different meaning to safety-related system from IEC 61508-4:2010, 3.4.1. 

3.3.11  
safety-related sensor 
SRS 
one or more sensing units combined to perform the safety related function 

Note 1 to entry: An SRS can be regarded as a subsystem in a SCS or as a subsystem element in a SCS if the 
SRS is used as part of an SRSS. 

Note 2 to entry: A sensing unit might contain one or more sensing elements. 
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3.3.12  
safety-related sensor system 
SRSS 
combination of two or more safety-related sensors performing the safety related function 

3.3.13  
electro-sensitive protective equipment 
ESPE 
assembly of devices and/or components working together for protective tripping or presence- 
sensing purposes and comprising as a minimum 

– a sensing device; 
– controlling/monitoring devices; 
– output signal switching devices and/or a safety related data interface 

Note 1 to entry: An ESPE is a protective device used as risk reduction measure. 

[SOURCE: IEC 61496-1:2012, 3.5, modified – The notes to entry have been replaced by a 
new Note 1 to entry.] 

3.4 Terms related to system 

3.4.1  
subsystem 
entity of the top-level architectural design of the SCS where a dangerous failure of any 
subsystem will result in a dangerous failure of a safety related control function 

Note 1 to entry: A complete subsystem can be made up from a number of identifiable and separate subsystem 
elements, which when put together implement the function blocks allocated to the subsystem. 

Note 2 to entry: This differs from common language where "subsystem" may mean any subdivided part of an 
entity, the term "subsystem" is used in IEC 62061 within a strongly defined hierarchy of terminology: "subsystem" is 
the first level subdivision of a system. The parts resulting from further subdivision of a subsystem are called 
"subsystem elements". 

[SOURCE: IEC 62061:2005, IEC 62061:2005/AMD1:2012 and IEC 62061:2005/AMD2:2015, 
3.2.5, modified – The abbreviated term "SRECS" has been replaced with "SCS" in the 
definition.] 

3.4.2  
subsystem element 
part of a subsystem comprising a single component or any group of components that performs 
one or more element functions 

Note 1 to entry: An element may comprise hardware and/or software. 

[SOURCE: IEC 62061:2005, 3.2.6, modified – The words "that performs one or more element 
functions" have been added to the definition, and Note 1 to entry has been added.] 

3.4.3  
complexity 
property of a SRS/SRSS or a safety function that is characterized by multiple subsystem 
elements or sub-functions interacting in a non-trivial way 

Note 1 to entry The degree of complexity of an SRS/SRSS may depend on the role or perspective within the 
supply chain. While an SRS under development can be judged highly complex by the manufacturer due to its many 
interacting subsystem elements and the number of external influences that have to be taken into account, an 
integrator who employs it within the limits of intended use might model it as a black box system with few defined 
outputs and judge it to be of low complexity.  

Note 2 to entry: The detailed behavior of a complex system or complex function is not accessible by simple 
calculation 
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3.4.4  
demand rate 
number of events that occur in a defined time which cause the SRS/SRSS to perform its 
safety related function 

Note 1 to entry: Low demand mode is a mode of operation in which the safety related function of an SRS/SRSS is 
only performed on demand and where the demand rate is no greater than one per year. 

Note 2 to entry: High demand mode is a mode of operation in which the safety related function of an SRS/SRSS is 
only performed on demand and where the demand rate is greater than one per year. As an orientation, high 
demand rates are given in Table G.1 (stated values are in accordance with ISO 13849 (all parts)). 

Note 3 to entry: Continuous mode is a mode of operation in which the safety related function of an SRS/SRSS is 
performed perpetually (continuously). Finally, the limiting factor for the applicable demand rate in continuous mode 
is the response time of the SRS/SRSS. 

Note 4 to entry: The demand rate for the safety related functions of the SRS/SRSS can be different than the 
demand rate for the safety function performed in a SCS. 

3.4.5  
safe state 
state of the EUC (equipment under control) when safety is achieved  

EXAMPLE 1 The safe state might be initiated by the decision information.  

EXAMPLE 2 The safe state might be initiated by the confidence information. 

Note 1 to entry: The safe state might be related to different output signals depending on the intended use and 
performed SRS/SRSS function. 

[SOURCE: IEC 61508-4:2010, 3.1.13, modified – The examples has been added, and the note 
to entry has been replaced by a new note.] 

3.4.6  
normal operating condition 
operating condition that represents as closely as possible the range of normal use that can 
reasonably be expected    

[SOURCE: IEC 62368-1:2018, 3.3.7.4, modified – The words "mode of operation" have been 
replaced by "operating condition" in the definition, and the notes to entry have been removed.]  

3.4.7  
normal operation 
state of a SRS/SRSS where it operates as specified and where no faults are detected 

3.4.8  
intended use 
use in accordance with information provided with a product or system, or, in the absence of 
such information, by generally understood patterns of usage 

[SOURCE: ISO/IEC Guide 51:2014, 3.6]  

3.4.9  
limit of use 
definition of limits on achieved detection capability, sensing zone, environmental, mounting, 
safety related information at the output unit and SRS/SRSS performance class provided by 
the manufacturer of an SRS/SRSS or integrator of SRS into an SRSS 

Note 1 to entry:  The limits of use are essential to validate if the SRS/SRSS is appropriate for the application 
respective the intended use. 

AS/NZS 4024.2804:2021

© Standards Australia Limited/Standards New Zealand 2021

Full document details: AS NZS 4024.2804-2021

http://www.avadocuments.com/doc/as-nzs-4024-2804-2021
http://www.avadocuments.com/doc/as-nzs-4024-2804-2021


 – 18 – IEC TS 62998-1:2019 © IEC 2019 

3.5 Fusion 

3.5.1  
alignment 
processing of SRS measurements to achieve a common time base and a common spatial 
reference 

3.5.2  
diversity 
different means of performing a required function 

Note 1 to entry:  Diversity may be achieved by different physical methods or different design approaches. 

[SOURCE: IEC 61508-4:2010, 3.3.7]  

3.5.3  
fusion 
act or process of combining or associating data or information regarding one or more entities 
considered in an explicit or implicit knowledge framework to improve one’s capability (or 
provide a new capability) for detection, identification, or characterization of that entity 

3.5.4  
redundancy 
provision of more than one means for performing a function  

Note 1 to entry:  The additional means of performing the function can be intentionally different (diverse) to reduce 
the potential for common mode failures (192-03-19). 

[SOURCE: IEC 60050-192:2015, 192-10-02, modified – The specific use "of a system" given 
after the term has been removed] 

3.6 Safety related information 

3.6.1  
analog signal 
signal which directly represents the respective variable quantity 

Note 1 to entry: An analog signal may be a continuous-value or a discrete-value signal as well as a continuous-
time or a discrete-time signal. Examples may be the pressure in a pneumatic final controlling element with 
continuous-value and continuous-time information parameter (value of the pressure) as well as a position-
modulated pulse signal as an output signal of a computer based controller. 

Note 2 to entry: This entry was numbered 351-21-53 in IEC 60050-351:2006. 

[SOURCE: IEC 60050-351:2013, 351-41-24, modified – The words "each information 
parameter of" have been removed from the definition.] 

3.6.2  
coverage interval  
interval containing the set of true quantity values of a SRS/SRSS measurement information 
with a stated probability, based on the information available 

Note 1 to entry: A coverage interval does not need to be centered on the chosen measured quantity value (see 
ISO/IEC Guide 98-3:2008/Supplement 1) 

[SOURCE: ISO/IEC Guide 99:2007, 2.36, modified – The word "measurand" has been 
replaced by "SRS/SRSS measurement information", and Note 2 and Note 3 to entry have 
been removed.] 
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3.6.3  
coverage probability 
probability that the set of true quantity values of a SRS/SRSS measurement information is  
contained within a specified coverage interval 

Note 1 to entry:  The coverage probability is also termed "level of confidence", see ISO/IEC Guide 98-
3:2008/Supplement 1). 

[SOURCE: ISO/IEC Guide 99:2007, 2.37, modified – The definition has been changed to align 
to the use of this document, note 1 to entry has been changed and note 2 to entry has been 
removed.]  

3.6.4  
confidence information 
safety related probability measure that supplements a measurement information or a decision 
information of an SRS/SRSS 

Note 1 to entry: Confidence information cover coverage probability and coverage interval used if SRS/SRSS 
provides measurement information and decision probability if SRS/SRSS provide decision information. 

3.6.5  
decision probability 
probability that the decision information is correct 

3.6.6  
digital signal 
discretely-timed signal in which information is represented by a finite number of well defined 
discrete values that one of its characteristic quantities may take in time  

[SOURCE: IEC 60050-702:1992, 702-04-05] 

3.6.7  
binary digital signal 
binary signal 
digital signal in which each signal element has one of two permitted discrete values 

[SOURCE: IEC 60050-704:1993, 704-16-03] 

3.6.8  
n-ary digital signal 
n-ary signal 
digital signal in which each signal element has one of n permitted discrete values   

[SOURCE: IEC 60050-704:1993, 704-16-05] 

3.6.9  
serial digital transmission 
serial transmission 
successive transmission of signal elements over a single path between two points 

[SOURCE: IEC 60050-704:1993, 704-16-27] 

3.6.10  
parallel digital transmission 
parallel transmission 
simultaneous transmission of a group of signal elements over the appropriate number of 
parallel paths between two points   

[SOURCE: IEC 60050-704:1993, 704-16-28] 
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3.6.11  
fault reaction function 
function that is initiated when a fault within an SRS/SRSS is detected by an SRS/SRSS 
diagnostic function 

3.6.12  
fault response time 
maximum time between initiation of the SRS/SRSS signal to initiate the fault reaction function 
and achievement of an appropriate safety related information provided at the output unit 

3.6.13  
decision information 
information which represents the decision performed in the SRS/SRSS of a respective 
variable quantity 

Note 1 to entry: An example is a decision representing the entrance of an object in a safety related zone resulting 
in a switching signal. 

Note 2 to entry: A respective variable quantity could be the properties of the object or environmental information.   

3.6.14  
SRS/SRSS measurement information 
information which represents the respective variable quantity 

Note 1 to entry: An example is the location of an object in a sensing zone provided as digital n-ary output signal. 

3.7 Test 

3.7.1  
acceptance test 
contractual procedure to demonstrate, to the customer, that acceptance criteria are met  

[SOURCE: IEC 60050-192:2015, 192-09-03] 

3.7.2  
endurance test 
procedure carried out to investigate how the properties of the item are affected by the 
duration or repeated application of stated stresses 

[SOURCE: IEC 60050-192:2015, 192-09-07, modified – The note has been removed.] 

3.7.3  
field test 
test carried out under user operational conditions 

Note 1 to entry: The operating, environmental, maintenance and measurement conditions present at the time of 
the test may be monitored or recorded. 

[SOURCE: IEC 60050-192:2015, 192-09-06] 

3.7.4  
laboratory test 
test made under prescribed and controlled conditions that may or may not simulate field 
conditions 

[SOURCE: IEC 60050-192:2015, 192-09-05] 
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3.7.5  
maintenance test 
test carried out periodically on an item to verify that its performance remains within specified 
limits, after having made certain adjustments, if necessary 

[SOURCE: IEC 60050-151:2001, 151-16-25] 

3.7.6  
qualification test 
procedure to verify conformance to the requirements of a specification 

Note 1 to entry: A qualification test is generally performed before starting production of an item on a larger scale. 

[SOURCE: IEC 60050-192:2015, 192-09-04] 

3.7.7  
routine test 
test made on each individual item during or after manufacture  

Note 1 to entry: A routine test is performed before supplying. 

3.7.8  
simulation test 
test that imposes anticipated environmental and operating stresses of intended use 

Note 1 to entry In practice, the test conditions only approximate to the true conditions of use, the accuracy of 
their reproduction being known as the degree of simulation. 

[SOURCE: IEC 60050-192:2015, 192-09-18] 

3.7.9  
system test 
test of a complete system to detect instances of non-conformity with the respective functional 
specification 

Note 1 to entry: System test is mainly for verification (192-01-17), but may include some validation (192-01-18). 

[SOURCE: IEC 60050-192:2015, 192-09-25] 

3.7.10  
test 
determination according to requirements for a specific intended use or application 

Note 1 to entry: If the result of a test shows conformity, it can be used for purposes of validation. 

[SOURCE: ISO 9000:2015, 3.11.8] 

3.7.11  
type test 
test of one or more devices under test made to a certain design to show that the design meets 
certain specifications 

[SOURCE: IEC 60050-411:1996, 411-53-01, modified – The word "machines" has been 
replaced by "devices under test".] 
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3.8 User groups 

3.8.1  
integrator 
entity who integrates an SRS and/or SRSS into an SCS and/or machinery or an SRS into an 
SRSS. 

Note 1 to entry: The integrator may be a manufacturer, assembler, engineering company or the user. 

Note 2 to entry: The integrator in sense of this document might be a manufacturer of an SRSS, SCS or 
machinery. 

Note 3 to entry: Originally, the integrator is defined in ISO 11161 as "the entity who designs, provides, 
manufactures or assembles an integrated manufacturing system and is in charge of the safety strategy, including 
the protective measures, control interfaces and interconnections of the control system". It is changed in this 
document respectively to cover the relevant steps of integration up to integrated manufacturing system which is 
covered by the definition of machinery. 

3.8.2  
supplier 
SRS/SRSS supplier 
role in supply chain activities of organizations moving a product or service and corresponding 
information for use to customer and finally to the operator 

Note 1 to entry: Supply chain activities involve the transformation of natural resources, raw materials, 
components and corresponding information into a finished product that is delivered to the end customer 
organisation. 

Note 2 to entry: Supplier in the sense of this document might be manufacturer of an SRS, SRSS or machinery 
using SRS/SRSS. 

3.8.3  
user 
SRS/SRSS user 
addressed group or person at customer side organization 

Note 1 to entry: A user might be the integrator, machinery manufacturer or operator. 

3.9 Verification and validation 

3.9.1  
failure modes and effects analysis 
FMEA 
qualitative method of analysis that involves the study of possible failure modes and faults in 
sub items, and their effects at various indenture levels  

Note 1 to entry: The term "fault mode and effects analysis" in IEC 60050-191:1990 (now withdrawn; replaced by 
IEC 60050-192:2015) is deprecated, since a fault (192-04-01) is a state and cannot logically have a mode, whereas 
a failure mode (192-03-17) is a change of state. 

[SOURCE: IEC 60050-192:2015, 192-11-05, modified – The used term "DEPRACATED: fault 
mode and effects analysis" has been removed.] 

3.9.2  
fault tree analysis 
FTA 
deductive analysis using fault trees  

Note 1 to entry: See also fault tree (192-11-07). 

[SOURCE: IEC 60050-192:2015, 192-11-08] 
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3.9.3  
formal design review 
independent, documented examination of a design and its requirements to assess the 
design’s ability to meet specified and implied requirements of the item concerned  

Note 1 to entry: In this context, "design" includes requirements, specifications, drawings, and supporting 
documentation.  

Note 2 to entry: See IEC 61160 for more detail on design review practices. 

[SOURCE: IEC 60050-192:2015, 192-12-07] 

3.9.4  
inspection 
examination of a product design, product, process or installation and determination of its 
conformity with specific requirements or, on the basis of professional judgement, with general 
requirements  

Note 1 to entry: Inspection of a process may include inspection of persons, facilities, technology and 
methodology.  

[SOURCE: ISO/IEC 17000:2004, 4.3]  

3.9.5  
life cycle 
series of identifiable stages through which an item goes, from its conception to disposal  

EXAMPLE  A typical system lifecycle consists of: concept and definition; design and development; construction, 
installation and commissioning; operation and maintenance; mid-life upgrading, or life extension; and 
decommissioning and disposal.  

Note 1 to entry: The stages identified will vary with the application. 

[SOURCE: IEC 60050-192:2015, 192-01-09] 

3.9.6  
prediction 
computation process used to obtain the predicted value of a quantity 

[SOURCE: IEC 60050-192:2015, 192-11-01] 

3.9.7  
reliability model 
mathematical model used for prediction or estimation of reliability measures  

Note 1 to entry: See IEC 61703, Mathematical expressions for reliability, availability, maintainability and 
maintenance support terms, for more detail on reliability modelling.  

Note 2 to entry: Modelling techniques can be applied to other dependability characteristics, such as 
maintainability and availability.  

[SOURCE: IEC 60050-192:2015, 192-11-02] 

3.9.8  
verification 
confirmation, through the provision of objective evidence, that specified requirements have 
been fulfilled 

Note 1 to entry The objective evidence needed for a verification can be the result of an inspection (3.11.7) or of 
other forms of determination (3.11.1) such as performing alternative calculations or reviewing documents (3.8.5). 

Note 2 to entry: The activities carried out for verification are sometimes called a qualification process (3.4.1). 
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Note 3 to entry:  The word "verified" is used to designate the corresponding status. 

[SOURCE: ISO 9000:2015, 3.8.12] 

3.9.9  
validation 
confirmation, through the provision of objective evidence, that the requirements for a specific 
intended use or application have been fulfilled 

Note 1 to entry:  The objective evidence needed for a validation is the result of a test or other form of 
determination such as performing alternative calculations or reviewing documents 

Note 2 to entry: The word "validated" is used to designate the corresponding status. 

Note 3 to entry: The use conditions for validation can be real or simulated. 

[SOURCE: ISO 9000:2015, 3.8.13] 

4 Lifecycle and interconnection to safety-related electrical control systems 
(SCS)  

4.1 General   

A safety-related sensor (SRS) (see Figure 2 and Figure 3) or a safety-related sensor system 
(SRSS) (see Figure 4) used as a protective measure shall perform function(s) in accordance 
with 5.2.  

An SRS consists, in minimum, of 

– a sensing unit, 
– a processing unit, and 
– an output unit (input unit is optional). 

An SRSS consists of at least two SRS in combination with processing unit and output unit 
(input unit is optional). 

 

Figure 2 – Example 1 of SRS architecture  

NOTE 1 An SRS can be constructed in a way that safety-related and automation-related functions are performed 
in separate or common sensing, processing and output unit. 
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Figure 3 – Example 2 of SRS architecture 

 

Figure 4 –Example of SRSS architecture  

The sensing unit performs the sensing function by collecting information on physical 
properties of object(s) and/or environmental influences and provides it as input to the 
processing unit. 

NOTE 2  The sensing unit can contain an emitting element or not. 

The processing unit performs the processing function by processing information generated by 
the sensing unit in order to produce safety related information. 

NOTE 3 The processing unit can be analog and/or digital. 

The input/output unit 

– is connected to a SCS/machine, 
– will provide safety related information, 
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– can receive safety related information, and 
– can provide automation related information. 

If a safety related communication network is used at the input/output unit, it shall fulfil the 
requirements of applicable standards (e.g. for functional safety field bus in accordance with 
IEC 61784-3).  

The manufacturer of an SRS/SRSS shall define appropriate technical and organisational 
measures in accordance with this document to achieve the systematic capabilities over the 
life cycle, taking into consideration all phases for the life cycle as defined in standards for 
functional safety of SCS or all of the following: 

– hazard and risk analysis;  
– design and development phase;  
– integration and installation phase;  
– operation, maintenance and modification phase. 

Documentation of SRS/SRSS is assumed to be part of SCS documentation. 

NOTE 4 SRS/SRSS safety requirement specification is part of the SCS safety requirement specification. 

NOTE 5 The term "documentation" applies not only to documents in the traditional sense, but also to concepts 
such as data files and database information.  

4.2 Hazard and risk analysis  

4.2.1 General 

Hazard and risk analysis shall be used to 

– identify potential hazards caused by the SRS/SRSS, and 
– identify the required level of safety performance (e.g. PL, SIL or SILcl) as a result of risk 

analysis of the application. 

The interconnection to risk analysis in accordance with the application in the field of 
machinery as shown in Figure 5 should be done in advance of starting the SRS/SRSS design 
and development process. The results are an essential part of the safety requirement 
specification. During the SRS/SRSS design and development process, the hazards produced 
by the SRS/SRSS shall be identified and appropriate measures shall be added to the safety 
requirement specification. The information for use shall be provided with the SRS/SRSS for 
the respective user group(s).  
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