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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC COMMUNICATION SYSTEM DESIGN GUIDES -

Part 14: Determination of the uncertainties of
attenuation measurements in fibre plants

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization com risi 1
all national electrotechnical committees (IEC National Committees). The object of IEC is to npro.>ote
international co-operation on all questions concerning standardization in the electrical and elertroiic fie 1s. To
this end and in addition to other activities, IEC publishes International Standards, Technica, spedifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referrea 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, goveixmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC ~alaborates closely
with the International Organization for Standardization (ISO) in accordance with co. dition determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as r.>irly s possible, an international
consensus of opinion on the relevant subjects since each technical commiti.e bis representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international 's-~.=nd are accepted by IEC National
Committees in that sense. While all reasonable efforts are made t_ ens re that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for th 2 we/ in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National C.mm.tees undertake to apply IEC Publications
transparently to the maximum extent possible in their nationz™ and regional publications. Any divergence
between any IEC Publication and the corresponding natio. al o regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of cor formity. Independent certification bodies provide conformity
assessment services and, in some areas, acct o= d |IEC marks of conformity. IEC is not responsible for any
services carried out by independent certificat'an ouics.

All users should ensure that they have thc¢ la’cst edition of this publication.

No liability shall attach to IEC or its ¢ ~ecio==, employees, servants or agents including individual experts and
members of its technical committees ancu 'EC National Committees for any personal injury, property damage or
other damage of any nature wk~tsover, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the ochlicaion, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the 'lormauve references cited in this publication. Use of the referenced publications is
indispensable for the ~zrec. application of this publication.

Attention is drawn tc the )ossibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall ~ot be held responsible for identifying any or all such patent rights.

The main‘tasw of 1ZC technical committees is to prepare International Standards. However, a
technical comm.itee may propose the publication of a technical report when it has collected
data ofa different kind from that which is normally published as an International Standard, for
examnle "state of the art".

IET 61282-14, which is a technical report, has been prepared by subcommittee 86C: Fibre
untic systems and active devices, of IEC technical committee 86: Fibre optics.

This publication contains an attached file titled, “Supplemental Data for Section 8”, in the form
of an Excel spread sheet. This file is intended to be used as a complement and does not form
an integral part of the standard.
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The text of this technical report is based on the following documents:

Enquiry draft Report on voting
86C/1339/DTR 86C/1351/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.

A list of all parts in the IEC 61282 series, published under the general title Fibre-optic
communication system design guides, can be found on the IEC website.

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

The committee has decided that the contents of this publication will remain unbai aec until
the stability date indicated on the IEC website under "http://webstore.iec.ch” .2 the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a I7er dcte.

IMPORTANT - The 'colour inside' logo on the v~ er page of this publication indicates
that it contains colours which are .considered to be useful for the correct
understanding of its contents. Users sl ouil therefore print this document using a
colour printer.
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INTRODUCTION

The determination of the uncertainty of every measurement is a key activity, which should be
performed by applying dedicated methods as extensively presented in reference documents
such as ISO/IEC Guide 98-3:2008, Guide to the uncertainty of measurement (GUM).

This Technical Report shows a practical application of these methods for the determination of
the measurement uncertainty of the attenuation of fibre optic cabling using optical light
sources and power meters as defined in IEC 61280-4-1 and IEC 61280-4-2.

It includes the review of all contributing factors to uncertainty (such as launch condifions,
spectral width, stability of source, power meter polarization, resolution, linearity, quality ot ‘est
cord reference connectors, etc.) to determine the overall measurement uncertainty. Ti.»
Technical Report applies to the measurement of single mode or multimode fibres ithout
restrictions to the fibre parameters, including mode field diameter, core c(ian.>ter and
numerical aperture. However, numerical values given in Clause C.2 and typical volues given
in Annex D are not valid for multimode fibres types A2, A3 and A4.

The list of uncertainties presented in this Technical Report is related to this particular
application and should be reconsidered if measurement conditions cre not compliant to
measurement requirements defined by IEC 61280-4-1 and 61280---/2.

The reference document for general uncertainty calculations.is  SO/IEC Guide 98-3:2008, and
this report does not intend to replace it; it only represents an -xaiple and should be used in
conjunction with ISO/IEC Guide 98-3:2008. A brief iniroducion to the determination of
measurement uncertainty according to ISO/IEC Guide €8-5.20J8 is given in Annex A.

This Technical Report is associated with a calculailion spreadsheet (Excel) containing
practical calculations.
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FIBRE OPTIC COMMUNICATION SYSTEM DESIGN GUIDES -

Part 14: Determination of the uncertainties of
attenuation measurements in fibre plants

1 Scope

This part of IEC 61282, which is a Technical Report, establishes the detailed analysis and
calculation of the uncertainties related to the measurement of the attenuation ¢° bcith
multimode and single mode optical fibre cabling using optical light sources and power meuors.

2 Normative references

The following documents, in whole or in part, are normatively referenced in thic document and
are indispensable for its application. For dated references, only the editior cite/l applies. For
undated references, the Ilatest edition of the referenced . de-uniar¢ (including any
amendments) applies.

IEC 61280-4-1:2009, Fibre-optic communication subsyste,n test procedures — Part 4-1:
Installed cable plant — Multimode attenuation measuremen?*

IEC 61280-4-2:2014, Fibre-optic communication s.:bsystem test procedures — Part 4-2:
Installed cable plant — Single-mode attenuation ans~opi.~al return loss measurement

ISO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3 Guide to the expression of
uncertainty in measurement (GUM:1995)

3 Terms, definitions and abhbr:v’ations

3.1 Terms and definitions

For the purposes of this do :uinent, the following terms and definitions apply.

3.11

attenuation

L

reduction of nptical power induced by transmission through a medium such as cabling, given
as L (dB)

Lyg = 10 10g91¢(Pin/Poyt)

vaer Py and Py, are the power, typically measured in mW, into and out of the cabling
3.1.2
calibration

set of operations that establish, under specified conditions, the relationship between the
values of quantities indicated by a measuring instrument and the corresponding values
realized by standards
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