
 

IEC TR 61 282-1 4 

Edition  1 .0 201 6-01  

TECHNICAL 
REPORT 

 

Fibre optic communication system design guides – 

Part 1 4:  Determination of the uncertainties of attenuation measurements in  fibre 

plants 

IE
C
 T
R
 6
1
2
8
2
-1

4
:2
0
1
6
-0

1
(e

n
) 

  

  

® 

 

 

colour
inside

Copyright International  Electrotechnical  Commission  



 

 

  

 TH IS PUBLICATION  IS  COPYRIGHT PROTECTED 

 Copyright © 201 6 IEC,  Geneva,  Switzerland   
 
Al l  rights  reserved.  Un less  otherwise specified ,  no part of th is  publ ication  may be  reproduced  or u ti l ized  in  any form  
or by any means,  electronic or mechanical ,  includ ing  photocopying  and  microfi lm,  wi thout permission  i n  wri ting  from  
ei ther IEC or IEC's member National  Committee i n  the country of the requester.  I f you  have any questions about I EC 
copyright or have an  enqui ry about obtaining  addi tional  rights  to this  publ ication,  please contact the  address below or 
your local  I EC member National  Committee for further information.  

 

IEC Central  Office Tel . :  +41  22  91 9  02 1 1  
3,  rue  de Varembé Fax:  +41  22  91 9 03  00 
CH-1 21 1  Geneva 20 i nfo@iec.ch  
Swi tzerland  www. iec.ch  

 

About the IEC 
The I nternational  E lectrotechnical  Commission  (I EC) is  the  lead ing  g lobal  organization  that prepares  and  publ ishes 
I nternational  Standards for al l  electrical ,  electron ic and  related  technolog ies.  
 

About IEC publ ications   
The technical  content of IEC publ ications is  kept under constant review by the IEC.  Please make sure that you  have the 
latest ed i tion,  a corrigenda or an  amendment m ight have been  publ ished.  
 

IEC Catalogue - webstore.iec.ch/catalogue 
The stand-alone appl ication  for consulting the entire 
bibl iographical  information on IEC International  Standards,  
Technical  Specifications,  Technical  Reports and  other 
documents.  Avai lable for PC,  Mac OS,  Android  Tablets and 
iPad.  
 

IEC publications search - www.iec.ch/searchpub 
The advanced search enables to find  IEC publ ications by a 
variety of criteria (reference number,  text,  technical  
committee,…).  I t also gives information on projects,  replaced 
and  withdrawn publ ications.  
 

IEC Just Published - webstore.iec.ch/justpublished 
Stay up to date on al l  new IEC publ ications.  Just Publ ished 
detai ls al l  new publ ications released.  Avai lable onl ine and 
also once a month by email.  

Electropedia - www.electropedia.org 
The world's leading onl ine dictionary of electronic and 
electrical  terms containing 20 000 terms and  definitions in 
English and French,  with  equivalent terms in 1 5 additional  
languages.  Also known as the International  Electrotechnical  
Vocabulary (IEV) onl ine.  
 

IEC Glossary - std.iec.ch/glossary 
65 000 electrotechnical  terminology entries in English and  
French extracted from the Terms and  Definitions clause of 
IEC publications issued since 2002.  Some entries have been 
col lected from earl ier publ ications of IEC TC 37,  77,  86 and 
CISPR.  
 

IEC Customer Service Centre - webstore.iec.ch/csc 
I f you wish to give us your feedback on this publ ication or 
need  further assistance,  please contact the Customer Service 
Centre:  csc@iec.ch.  
 

 

 

Copyright International  Electrotechnical  Commission  



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IEC TR 61 282-1 4 

Edition  1 .0 201 6-01  

TECHNICAL 
REPORT 

 

Fibre optic communication system design guides – 

Part 1 4:  Determination of the uncertainties of attenuation measurements in  fibre 

plants 

 

 

 

INTERNATIONAL 

ELECTROTECHNICAL 

COMMISSION  

 

 
ICS 33.1 80.01  

 

ISBN 978-2-8322-31 1 1 -1  

 

  

  

® Registered  trademark of the International  Electrotechnical  Commission 

® 

 

   Warning!  Make sure that you obtained this publication  from an authorized distributor.  

 

colour
inside

Copyright International  Electrotechnical  Commission  



 – 2  – I EC TR 61 282-1 4: 201 6  © I EC  201 6  

CONTENTS  

FOREWORD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5  

INTRODUCTION  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7  

1  Scope  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8  

2  Normative  references  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8  

3  Terms,  defi n i tions  and  abbreviations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8  

3. 1  Terms  and  defin i ti ons  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8  

3. 2  Abbreviations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  

4  Overview of uncertain ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  

4. 1  What i s  uncertain ty?  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  

4. 2  Orig in  of uncerta in ties  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  

4. 3  What may not be  considered  as  uncertain ty?  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  

5  Fibre  cabl i ng  attenuation  measurement  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  

5. 1  Measurement methods  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  

5. 2  Sources  of uncertain ty to  be  cons idered  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  

5. 2. 1  Analys is  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  

5. 2. 2  Uncertain ties  due  to  the  environment  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

5. 2. 3  Uncertain ties  due  to  operator ski l l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

5. 2. 4  Uncertain ties  due  to  measurement methods  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

5. 2. 5  Uncertain ties  due  to  measuring  i nstruments  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

5. 2. 6  Uncertain ties  due  to  the  setup  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

5. 2. 7  Uncertain ties  due  to  cabl i ng . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

6  Uncerta in ties  estimation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7  

6. 1  Measurement model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7  

6. 2  Accumulation  of uncerta in ties  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8  

7  General  representation  of the  equation  us ing  sens i ti vi ty coefficien ts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9  

8  Calcu lation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22  

8. 1  Combined  standard  uncertain ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22  

8. 2  Expanded  uncertain ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22  

8. 3  Determ ination  of the  coverage factor k  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22  

8. 3. 1  General  approach  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22  

8. 3. 2  Discuss ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22  

8. 3. 3  Typical  va lues  of degree  of freedom  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23  

Annex A (normative)   Mathematical  bas is  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

A. 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

A.2  Type A evaluation  of uncertain ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

A.3  Type B  evaluation  of uncertain ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

A.4  Determ in ing  the  combined  s tandard  uncerta in ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25  

A.5  Reporti ng  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26  

Annex B  ( in formative)   Measurement methods  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27  

B. 1  Measurement methods  as  per I EC  61 280-4-1  and  61 280-4-2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27  

B. 1 . 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27  

B. 1 . 2  Measurement configuration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27  

B. 1 .3  One-cord  reference configuration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27  

B. 1 . 4  Two-cord  reference configuration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28  

B. 1 .5  Three-cord  reference  configuration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28  

Copyright International  Electrotechnical  Commission  



I EC TR 61 282-1 4: 201 6  © I EC  201 6  – 3  –  

B . 2  Measurement methods  as  per I SO/IEC  1 4763-3: 201 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28  

B.2 . 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28  

B.2 .2  Channels  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29  

B.2 .3  Links. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30  

Annex C  (normative)   U ncertain ties  evaluation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31  

C. 1  Type A uncerta in ties  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31  

C. 1 . 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31  

C. 1 . 2  Evaluation  of optica l  source  i nstabi l i ty and  associated  uncertain ties  . . . . . . . . . . . . . .  31  

C.2  Type B  uncerta in ties  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31  

C.2. 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31  

C.2. 2  Evaluation  of the  power meter noise  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31  

C.2. 3  Elements  to  be  cons idered  for power meter stabi l i ty anal ys is  . . . . . . . . . . . . . . . . . . . . . . . . .  32  

C.2. 4  Evaluation  of the  cen tre  wavelength  dependence  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32  

C.2. 5  Spectral  wid th  dependence  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34  

C.2. 6  Evaluation  of the  uncertain ties  due  to  MM  launch  cond i ti ons  . . . . . . . . . . . . . . . . . . . . . . . . .  34  

C.2. 7  Evaluation  of the  PDL  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35  

C.2. 8  Uncertain ty of absolu te  power measurement  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36  

Annex D  (normative)   Typical  va lues  of uncerta in ties  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37  

Annex E  ( in formative)   L i near to  dB  scale  convers ion  of uncertain ties  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38  

E. 1  Defin i ti on  of decibel  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38  

E.2  Convers ion  of re lati ve  uncertain ties  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38  

Bibl i ography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39  

 

F i gu re  1  – F ish  bone  analys is  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

Figure  2  – Measurement model  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7  

Figure  B. 1  – Measurement configuration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27  

Figure  B. 2  – One-cord  reference  measurement  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27  

Figure  B. 3  – Two-cord  reference  measurement  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28  

Figure  B. 4  – Three-cord  reference measurement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28  

Figure  B. 5  – Measurement on  channel  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29  

Figure  B. 6  – Channel  reference measurement  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29  

Figure  B. 7  – L i nk measurement configuration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30  

Figure  B. 8  – L i nk reference measurement  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30  

Figure  C. 1  – Typical  spectral  response  of a  fibre  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33  

Figure  C.2  – Uncerta in ties  due  to  the  l aunch  cond i ti ons  for a  g i ven  l oss  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35  

 

Table  1  – Source  of uncertain ty (raw l is t)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  

Table  2  – Uncertain ties  due  to  measuring  i nstruments  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

Table  3  – Uncertain ties  due  to  the  setup  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

Table  4  – Uncertain ties  due  to  cabl ing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

Table  5  – Sens i ti vi ty coefficien ts  for I EC  61 280-4-1  and  I EC 61 280-4-2  methods  . . . . . . . . . . . . . . . . . .  20  

Table  6  – Sens i ti vi ty coefficien ts  for I SO/IEC  1 4763-3: 201 4  methods. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21  

Table  7  – Values  of k95 for d i fferent values  of n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23  

Table  8  – Typical  va lues  of ni  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23  

Table  C. 1  – Spectral  attenuation  coefficients  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33  

Copyright International  Electrotechnical  Commission  



 – 4  – I EC TR 61 282-1 4: 201 6  © I EC  201 6  

Table  C. 2  – Sensi ti vi ty coefficien ts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33  

Table  D . 1  – Typical  va lues  of uncertain ties  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37  

 

 

  

Copyright International  Electrotechnical  Commission  



I EC TR 61 282-1 4: 201 6  © I EC  201 6  – 5  –  

INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
FIBRE OPTIC COMMUNICATION  SYSTEM DESIGN  GUIDES – 

 
Part 1 4:  Determination  of the uncertainties  of  
attenuation  measurements  in  fibre plants  

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  q uestions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC  publ i shes  I n ternati onal  S tandards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  National  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib l e,  an  i n ternati ona l  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.  

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by  I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi b le  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent  certi fi cati on  bod ies  provi de  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi b le  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es .  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property  d amage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.  

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct  appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss ib i l i ty that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t  ri gh ts.  I EC shal l  not  be  hel d  responsibl e  for i denti fyi ng  any or a l l  such  paten t  ri gh ts .  

The main  task of I EC techn ica l  committees  is  to  prepare  I n ternational  Standards.  However,  a  
techn ical  committee  may propose  the  publ ication  of a  techn ica l  report when  i t  has  col l ected  
data  of a  d i fferent ki nd  from  that wh ich  i s  normal l y publ ished  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

I EC 61 282-1 4 ,  wh ich  i s  a  techn ical  report,  has  been  prepared  by subcommittee  86C:  F ibre  
optic systems  and  active  devices,  of I EC  techn ical  committee  86:  F ibre  optics.  

Th is  publ ication  con tains  an  attached  fi le  ti t led ,  “Supplemental  Data  for Section  8” ,  i n  the  form  
of an  Excel  spread  sheet.  Th is  fi l e  i s  in tended  to  be  used  as  a  complement and  does  not form  
an  i n tegral  part  of the  standard .  
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The  text of th is  techn ical  report i s  based  on  the  fol lowing  documents :  

Enqu i ry d raft  Report  on  voti ng  

86C/1 339/DTR 86C/1 351 /RVC 

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  techn ica l  report can  be  found  in  the  
report on  voti ng  ind icated  i n  the  above  table.  

A l i st of a l l  parts  i n  the  I EC 61 282  series ,  publ ished  under the  general  ti tl e  Fibre-optic 
communication system design guides,  can  be  found  on  the  I EC websi te.  

Th is  publ ication  has  been  drafted  i n  accordance wi th  the  I SO/I EC D irectives,  Part 2 .  

The  committee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  unti l  
the  stabi l i ty date  i nd icated  on  the  I EC websi te  under "h ttp: //webstore. iec.ch"  i n  the  data  
re lated  to  the  speci fic  publ ication .  At  th is  date,  the  publ ication  wi l l  be  

•  reconfi rmed ,  

•  wi thdrawn ,  

•  rep laced  by a  revised  ed i tion ,  or 

•  amended .  

A b i l i ngual  vers ion  of th is  publ ication  may be  i ssued  at  a  l ater date.  

 

IMPORTANT – The  'colour inside'  logo on  the cover page of th is  publ ication  ind icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct 
understand ing  of i ts  contents.  Users  shou ld  therefore  print  th is  document using  a  
colour printer.  
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INTRODUCTION  

The determ ination  of the  uncerta in ty of every measurement i s  a  key acti vi ty,  wh ich  shou ld  be  
performed  by applying  ded icated  methods  as  extensivel y presented  i n  reference documents  
such  as  I SO/IEC Gu ide  98-3: 2008,  Gu ide  to  the  uncertain ty of measurement (GUM) .  

Th is  Techn ical  Report shows  a  practical  appl ication  of these  methods  for the  determ ination  of 
the  measurement uncertain ty of the  attenuation  of fibre  optic  cabl ing  us ing  optica l  l i gh t 
sources  and  power meters  as  defined  in  I EC 61 280-4-1  and  I EC  61 280-4-2 .  

I t  i ncl udes  the  review of a l l  contribu ting  factors  to  uncertain ty (such  as  l aunch  cond i tions,  
spectral  wid th ,  s tabi l i ty of source,  power meter polari zation ,  resolu tion ,  l i neari ty,  qua l i ty of test  
cord  reference connectors,  etc. )  to  determ ine  the  overal l  measurement uncertain ty.  The  
Techn ical  Report  appl ies  to  the  measurement of s ing le  mode or mu l timode fibres  wi thou t  
restrictions  to  the  fibre  parameters,  i nclud ing  mode  fi e ld  d iameter,  core  d iameter and  
numerica l  aperture.  However,  numerical  va lues  g i ven  in  C lause  C. 2  and  typica l  va lues  g i ven  
in  Annex D  are  not  va l i d  for mu l timode fibres  types  A2,  A3  and  A4.  

The  l i st  of uncerta in ties  presented  i n  th is  Techn ical  Report  i s  re lated  to  th is  particu lar 
appl ication  and  shou ld  be  reconsidered  i f measurement cond i tions  are  not  compl iant to  
measurement requ i rements  defined  by I EC 61 280-4-1  and  61 280-4-2.  

The  reference  document for general  uncertain ty ca lcu lations  is  I SO/I EC Gu ide  98-3: 2008,  and  
th is  report does  not i n tend  to  replace  i t;  i t  on l y represents  an  example  and  shou ld  be  used  i n  
con j unction  wi th  I SO/I EC Gu ide  98-3: 2008.  A brief in troduction  to  the  determ ination  of 
measurement uncertain ty accord ing  to  I SO/IEC Gu ide  98-3: 2008  is  g i ven  i n  Annex A.  

Th is  Techn ical  Report i s  associated  wi th  a  calcu lation  spreadsheet (Excel )  con tain ing  
practica l  ca lcu lations.  
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FIBRE OPTIC COMMUNICATION  SYSTEM DESIGN  GUIDES – 
 

Part 1 4:  Determination  of the uncertainties  of  
attenuation  measurements  in  fibre plants  

 
 
 

1  Scope 

This  part of I EC  61 282,  wh ich  is  a  Techn ical  Report,  establ ishes  the  deta i l ed  anal ys is  and  
calcu lation  of the  uncertain ties  re lated  to  the  measurement of the  attenuation  of both  
mu l timode  and  s i ng le  mode  optical  fi bre  cabl i ng  using  optical  l i gh t sources  and  power meters .  

2  Normative references  

The fol l owing  documents,  i n  whole  or i n  part,  are  normativel y referenced  i n  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i ti on  ci ted  appl ies .  For 
undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl i es .  

I EC 61 280-4-1 : 2009,  Fibre-optic communication subsystem test procedures – Part 4-1 :  
Installed cable plant – Multimode attenuation measurement 

IEC 61 280-4-2 : 201 4,  Fibre-optic communication subsystem test procedures – Part 4-2:  
Installed cable plant – Single-mode attenuation and optical return loss measurement 

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

3 Terms,  defin i tions  and  abbreviations  

3.1  Terms and  defin i tions  

For the  purposes  of th is  document,  the  fo l l owing  terms and  defin i ti ons  apply.  

3.1 . 1   
attenuation  
L 

reduction  of optical  power i nduced  by transm ission  th rough  a  med ium  such  as  cabl ing ,  g i ven  
as  L  (dB)  

LdB  =  1 0  log 1 0(Pi n /Pout)  

where  Pi n  and  Pout  are  the  power,  typical l y measured  in  mW,  in to  and  out  of the  cabl i ng  

3. 1 .2   
cal ibration  
set of operations  that establ ish ,  under speci fied  cond i tions,  the  re lationsh ip  between  the  
va lues  of quan ti ti es  i nd icated  by a  measuring  i nstrument and  the  correspond i ng  values  
rea l i zed  by standards  
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3. 1 .3   
enci rcled  flux 
EF  
fraction  of the  rad ia l -weigh ted  cumu lative  near fi e ld  power to  the  tota l  rad ia l -weighted  ou tput 
power as  a  function  of rad ia l  d is tance  from  the  optical  cen tre  of the  core  

3.1 .4   
measurement repeatabi l i ty 

measurement precis ion  under a  set of repeatabi l i ty cond i tions  of measurement  

3.1 .5   
measurement reproducibi l i ty 
reproducib i l i ty 
measurement precis ion  under reproducibi l i ty cond i ti ons  of measurement  

3.1 .6   
polarization  dependent loss  
PDL 
maximum  variation  of i nsertion  loss  due  to  a  variation  of the  s tate  of polarization  (SOP)  over 
a l l  the  SOPs  

3.1 .7   
non l ineari ty 
NL 

for a  power meter,  the  re lati ve  d i fference between  the  response  at  a  g i ven  power P  and  the  
response at  a  reference power P0 :  

1
0

/ 0
−=

)r(P

r(P)
nl PP

 

Note  1  to  en try:  The  non l i neari ty i s  equa l  to  zero  at  the  reference  power.  

3.1 .8   
uncertainty of measurement 

quanti fi ed  doubt  about  the  resu l t of a  measurement  

3.1 .9   
stabi l i ty  
abi l i ty of a  measuring  instrument to  keep i ts  performance characteristics  wi th in  a  speci fied  
range  during  a  speci fi ed  time  in terval ,  a l l  other cond i ti ons  be ing  the  same  

3.1 . 1 0   
repeatabi l i ty cond i tion  
cond i ti on  of measurement that i ncludes  the  same measurement procedure,  same operators ,  
same measuring  system ,  same operati ng  cond i ti ons  and  same location ,  and  repl icates  
measurements  on  the  same or s im i l ar obj ects  over a  short period  of time  

3.1 . 1 1   
reproducibi l i ty condition  
cond i ti on  of measurement that i ncludes  d i fferen t l ocations,  operators,  measuring  systems,  
and  repl icate  measurements  on  the  same or s im i lar objects  

3.1 . 1 2   
standard  uncertainty 
u 

uncertain ty of a  measurement resu l t expressed  as  a  standard  deviation  

Note  1  to  en try:  For fu rther i n formation ,  see  I SO/I EC Gu i de  98-3.  
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3.1 . 1 3   
uncertainty type  A 
type  of uncertain ty obtained  by a  statistical  anal ysis  of a  series  of observations,  such  as  when  
evaluati ng  certain  random  effects  of measurement 

Note  1  to  en try:  See  Annex A and  I SO/IEC Gu i de  98-3.  

3.1 . 1 4   
uncertainty type  B  
type  of uncerta in ty obta ined  by means  other than  a  statistica l  anal ysis  of observations,  for 
example  an  estimation  of probable  sources  of uncerta in ty,  such  as  when  evaluati ng  
systematic effects  of measurement 

Note  1  to  en try:  See  Annex A and  I SO/IEC Gu i de  98-3.  

3.2  Abbreviations  

For the  purposes  of th is  document,  the  fo l l owing  acronyms appl y.  

APC ang led  phys ical  con tact (description  of connector style)  

CW con tinuous  wave  

LSPM  l igh t source  power meter 

OPM  optical  power meter 

PC  phys ica l  contact  (description  of connector style  that i s  not  ang led)  

4 Overview of uncertainty 

4.1  What i s  uncertainty?  

Accord ing  to  I SO/I EC Gu ide  98-3: 2008  (GUM),  the  uncertain ty of a  measurement is  the  
quanti fi ed  doubt that exi sts  abou t the  resu l t  of any measurement.  For every measurement,  
even  the  most carefu l ,  there  i s  a lways  a  marg in  of doubt.  

For example,  when  measuring  the  attenuation  of fi bre  optic cabl i ng ,  the  operator may observe  
a  variation  of the  d isplayed  power level  on  the  power meter and  be  unable  to  know wh ich  
va lue  shou ld  be  recorded .  Th is  variation  of the  d isp layed  value  i s  an  e lement of doubt 
regard ing  the  resu l t of the  measurement.  

4.2  Orig in  of uncertainties  

Uncerta in ties  come from :  measurement devices,  the  i tem  to  be  measured ,  the  measurement 
process,  operator ski l l s ,  references  used ,  and  the  environment.  

4.3  What may not  be  considered  as  uncertainty?  

Unknown  parameters  that contribu te  d i rectl y or i nd i rectl y to  the  quanti ty to  be  measured  
cannot be  cons idered  as  uncertain ties .  For example ,  when  measuring  a  cabl i ng ,  mode fi e l d  
d iameter or numerical  aperture  of d i fferen t fibres  of cabl ing  are  unknown;  however,  m ismatch  
of these  parameters  cause  the  measured  attenuation .  

Also,  poor knowledge of measurement cond i tions  generates  uncertain ties  bu t i s  not d i rectl y 
an  uncerta in ty.  A common  example  is  the  wavelength  of the  optica l  source:  I f the  wavelength  
of the  source  is  known  wi th  an  uncerta in ty smal l er than  1  nm ,  the  measurement cond i tion  can  
be  speci fi ed  precisel y.  Conversel y,  i f the  wavelength  of the  source  i s  known  to  be  wi th in  a  
range  of 40  nm ,  the  possible  variation  of the  attenuation  of the  device  under test  shou ld  be  
estimated  based  on  the  typical  variation  of a ttenuation  over the  wavelength  range  for a  g i ven  
l ength  of fibre.  
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5 Fibre cabl ing  attenuation  measurement 

5.1  Measurement methods  

Three  attenuation  measurement methods  use  an  optical  l i gh t source  and  power meter (LSPM)  
to  measure  inpu t and  ou tpu t power l evels  of the  cabl i ng  under test  to  determ ine  the  
attenuation .  These  measurement methods  are  designated  respective l y,  one-cord ,  three-cord  
and  two-cord  reference  method .  

The  main  functional  d i fference between  these  methods  is  the  way the  i npu t power l evel ,  
known  as  the  reference power l evel  (Pi n) ,  i s  measured  (see  Annex B) .  

Refer to  I EC 61 280-4-1  and  61 280-4-2  for more  detai l s .  

NOTE  Measu rement methods  presented  i n  I SO/IEC 1 4763-3  have  d i fferent  names  and  are  s l i gh tl y d i fferen t.  See  
Clause  B . 2 .  

5.2  Sources  of uncertainty to  be  considered  

5.2. 1  Analysis  

An  extensive  anal ys is  of the  source  of uncerta in ties  to  be  considered  has  been  conducted .  
Th is  resu l ted  i n  the  sorted  source  of uncertain ty g i ven  in  Table  1 .  

Table  1  – Source of uncertainty (raw l i st)  

Source of uncertain ty Type of orig in  I ndex 

Measurement  source  i nstabi l i ty  (power devi ation  
over time)  

Measurement  devices  
01  

Source  wavel ength  Measurement  devices  02  

Source  spectrum  (spectral  wid th )  Measurement  devices  03  

Laser speckle  Measurement  devices  04  

Launch  cond i ti on  for mu l timode  fi bres  (dependent 
upon  the  compl iance  or noncompl iance  wi th  the  
EF  template  and  a  function  of the  attenuati on  of 
the  measured  cabl i ng )  

Measurement  devices  

05  

Power meter non  l i neari ty  Measurement  devices  06  

Power meter read i ng  resol u tion  Measurement  devices  07  

Power meter spatia l  un i form i ty  References  used  08  

Power meter pol ari zation  sens i ti vi ty  Measurement  devices  09  

Power meter noi se  Measurement  devices  1 0  

Power meter stabi l i ty  Measurement  devices  1 1  

Power meter cal i brati on  References  used  1 2  

Reference  connector /  fi bre  attenuation  uncertai n ty  References  used  1 3  

Connector mati ng  repeatabi l i ty  (Reference  or 
cabl i ng)  

References  used / i tem  to  be  measured  
1 4  

Connector PDL  References  used  /  i tem  to  be  measured  1 5  

Reflecti ons  (FP  cavi ty)  References  used  /  i tem  to  be  measured  1 6  

Connector end  face  cl ean l i ness  Operator ski l l s  1 7  

F i bre  hand l i ng  Operator ski l l s  1 8  

Calcu l ation  errors  Measurement  process  1 9  

Numerical  apertu re  of the  fi bre  I tem  to  be  measured  20  

Core  d i ameter of the  fi bre  or mode  fi l ed  d i ameter I tem  to  be  measured  21  

F i bre  non  l i neari ty  I tem  to  be  measured  22  

Temperatu re  Envi ronment  23  

Hum id i ty  Envi ronment  24  
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Some of the  uncertain ties  l i sted  i n  Table  1  are  neg l ig ible  or need  to  be  grouped  together to  be  
estimated ;  however,  some of them  apply to  d i fferent domains.  F igure  1  presents  an  organ ised  
l i st  of these  uncerta in ties.  
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Figure 1  – F ish  bone  analysis  
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5.2.2  Uncertainties  due to  the envi ronment 

I t  i s  assumed  that envi ronmenta l  parameters  (temperature  and  hum id i ty)  generate  neg l i g ible  
variations  of the  attenuation  of the  fi bre  and  that fibre  envi ronmental  cond i ti ons  are  reported  
as  measurement cond i ti ons.  

Temperature  and  hum id i ty can  generate  source  and  power meter i nstabi l i ty.  Th is  i nstabi l i ty 
sha l l  be  reported  in  5. 2. 5  (see  a lso  C. 1 . 2) .  

NOTE  Th is  corresponds  to  u ncertain ti es  reported  as  i ndex 23  and  24.  

5.2.3  Uncertainties  due to  operator ski l ls  

I t  i s  assumed  that operators  fo l low approved  procedures  for connector end  face  i nspection  
and  clean ing ,  so  the  connector attenuation  is  as  expected .  

I t  i s  a lso  assumed  that operator ski l l s  do  not create  add i tional  variations  to  those  i ncluded  
wi th  connector mating  repeatabi l i ty.  

NOTE  Th is  corresponds  to  u ncertain ti es  reported  as  i ndex 1 7  and  1 8.  

5.2.4  Uncertainties  due to  measurement methods  

Measurement methods  do  not affect the  uncerta in ties  d i rectl y,  as  d i fferent numbers  of 
connectors  are  used  depend ing  on  the  method  used .  The  accumulation  of uncertain ties  takes  
i n to  account  the  correct  amount of uncertain ties  related  to  the  connectors .  

Calcu lation  errors  due  to  truncation  of resu l ts  may exist  i n  th is  type  of measurement,  
especial l y i f measurements  are  con trol l ed  by an  external  computer.  However,  most of the  
time,  users  s impl y calcu late  the  attenuation  by an  embedded  dBr (decibel  relati ve)  function  
that can  be  assumed  to  have  no  more  error than  the  round ing  error of the  optica l  power meter 
(see  5. 2. 5) .  

NOTE  Th is  corresponds  to  u ncertain ty reported  as  i n dex 1 9.  

5.2.5  Uncertainties  due to  measuring  instruments  

Table  2  provides  a  l i s t  of the  uncertain ties  to  be  taken  i n to  account for the  measurement 
devices  group.  

Copyright International  Electrotechnical  Commission  



I EC TR 61 282-1 4: 201 6  © I EC  201 6  – 1 5  –  

Table  2  – Uncertainties  due  to  measuring  instruments  

Reference  /  
Symbol  

I ndex Description  
Concerned  
element  

Appl y to  

P
i n
 

Appl y to  

P
out
 

Other 
condi tion  

5. 2 . 5. 1  

stabPu  

01  Relati ve  uncertai n ty ari s i ng  from  the  
i nstabi l i ty of the  opti cal  source  and  
any other i nstabi l i ti es  (assumed  to  
i ncl ude  i nstab i l i ty due  to  mu l ti pl e  
refl ections)   

Source  Yes  Yes   

5 . 2 . 5. 2  

sλu  

02  Relati ve  attenuati on  u ncertain ty 
ari s i ng  from  the  uncerta in ty of the  
opti cal  sou rce  wavelength .  See  C. 2 . 4  
and  C. 2 . 5  

Source  No  Yes  I f unknown  

5. 2 . 5. 3  

MMLCu  

05  Relati ve  uncertai n ty d ue  to  the  
mu l timode  l aunch  cond i ti on ;  

See  C. 2. 6  

Source  and  
cabl i ng  

No  Yes  MM  

5. 2 . 5. 4  

Linu  

06  Relati ve  uncertai n ty ari s i ng  from  the  
non -l i neari ty of the  power meter.  Th i s  
con tribu tion  wi l l  on l y be  considered  
when  us ing  the  same power meter for 
the  measurement  of P

i n  and  of Pou t
.  

Power 
meter 

No  Yes  One  power 
meter 

5. 2 . 5. 5  

i
uDispl  

07  Relati ve  uncertai n ty ari s i ng  from  the  
fi n i te  d i spl ay resolu tion  of power meter 
i  

Power 
meter 

Yes  Yes   

5 . 2 . 5. 6  

spacePu  

08  Relati ve  uncertai n ty ari s i ng  from  
power meter spatia l  u n i form i ty.  On ly 
s i gn i fi can t  for s i ng l e  mode  
measurement and  when  us ing  a  
d i fferent  type  of connector for P

i n  and  
of P

ou t
 and  us ing  the  same  power 

meter for the  measurement  of P
i n  and  

P
ou t

.   

Power 
meter 

Yes  Yes  I f APC and  
PC 
connectors  
are  used .  

One  power 
meter 

5. 2 . 5. 7  

i
uPDR  

09  Relati ve  uncertai n ty ari s i ng  from  the  
polari zati on  dependency of power 
meter i  (see  C. 2 . 7)  

Power 
meter 

Yes  Yes  SM  

5. 2 . 5. 8  

u
Pnoi se

 

1 0  Relati ve  uncertai n ty ari s i ng  from  
power meter noi se    Becomes  
neg l i g ib le  i f power l evel  remains  30  dB  
over the  power meter noi se  l evel  (see  
C. 2 . 2 )  

Power 
meter 

Yes  Yes   

5 . 2 . 5. 9

stabout

stabin

PM

PM

u

u
 

1 1  Relati ve  uncertai n ty ari s i ng  from  
power meter i nstabi l i ty (see  C. 2 . 3)  

Power 
meter 

Yes  Yes   

5 . 2 . 5. 1 0  

out

in

abs

abs

P

P

u

u

 

1 2  Relati ve  uncertai n ti es  of the  absolu te  
power measurements  of P

i n  
and  of 

P
ou t

.  These  uncertain ti es  need  to  be  
considered  on l y when  perform ing  
measurements  of P

i n  
and  P

ou t  
u s i ng  

two  d i fferen t  power meters .  The  use  of 
two  d i fferen t  power meters  i s  not  
recommended  (see  a l so  C. 2 . 8)  

Power 
meter 

Yes  Yes  I f two  
d i fferen t  
power 
meters  are  
used  

 

When  measuring  fibre  optic cabl ing ,  and  assum ing  the  spectrum  of the  sources  used  is  
symmetrica l ,  the  variation  of the  spectra l  wid th  does  not cause  variation  of the  attenuation  of 
the  cabl ing .  Hence,  uncertain ties  due  to  the  spectral  wid th  are  assumed  to  be  neg l ig ib le.  

NOTE  Th is  corresponds  to  u ncertain ty reported  as  i n dex 03.  

The speckle  due  to  a  l aser source  used  to  measure  a  mu l timode cabl ing  may affect the  
stabi l i ty of the  power meter measurements.  However,  th is  wou ld  occur on ly i f the  power meter 
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detector i s  not spatia l l y un i form ;  hence  uncerta in ties  due  to  laser source  speckle  are  assumed  
to  be  neg l i g ib le.  

NOTE  Th is  corresponds  to  u ncertain ty reported  as  i n dex 04.  

5.2.6  Uncertainties  due to  the setup  

Table  3  provides  a  l i st  of the  uncertain ties  to  be  taken  in to  account for the  setup  group.  

Table  3  – Uncertainties  due  to  the  setup  

Reference  /  
Symbol  

Index Description  
Concerned  
element 

Appl y to  
P
i n
 

Appl y to  
P
out
 

Other 
condi tion  

5. 2. 6. 1  

u
Mreprod

 

1 3  Mati ng  reproducibi l i ty (setup)  Ref cords  Yes  No   

5 . 2 . 6. 2  

u
Mati n g

 

1 4  Relati ve  uncertai n ty re l ated  to  the  
repeatabi l i ty of the  reference  
connector mati ng  

Ref cords  Yes  No  Dependent  
upon  the  
method  
used  

5. 2 . 6 . 3  

u
CPDL

 

1 5  Relati ve  uncertai n ty re l ated  to  the  
PDL of the  reference  APC 
connectors  

Ref cords  Yes  Yes  SM  and  
APC 

 

Mismatch  of reference cord  fibre  parameters  l i ke  core  d iameter (or mode  fie ld  d iameter)  and  
numerical  aperture  may generate  variation  of the  connector attenuation .  Uncertain ty due  to  
reference cord  fibre  parameters  is  assumed  to  be  i ncluded  i n  the  re lati ve  uncertain ty of the  
attenuation  of the  reference connectors .  

NOTE  1  Th i s  corresponds  to  uncertain ti es  reported  as  i ndex 20  and  21 .  

Reflections  may exist between  the  optical  i npu t  port of the  power meter and  the  cabl i ng  
connector.  Mu l ti p le  reflections  may exist i n  a l l  optica l  connectors  caus ing  variation  of the  
source  and/or h i gher l oss.  Uncertain ty due  to  mu l ti p le  reflections  i s  assumed  to  be  i ncluded  i n  
the  re lati ve  stabi l i ty of the  source  and  i n  the  attenuation  of the  reference connectors.  

NOTE  2  Th i s  corresponds  to  uncertain ty reported  as  i ndex 1 6.  

5.2.7  Uncertainties  due to  cabl ing  

Table  4  provides  the  l i st  of the  uncertain ties  to  be  taken  i n to  account for the  cabl i ng  group.  

Table  4 – Uncertainties  due  to  cabl ing  

Reference  Index Description  
Concerned  
element 

Appl y 
to  P

i n
 

Appl y 
to  P

out
 

Other 
condi tion  

5. 2. 7. 1  

u
Mreproduc

 
1 3  Mati ng  reproducibi l i ty (cabl i ng )  Ref cords  No  Yes   

5 . 2 . 7. 2  

u
Mati ng

 
1 4  

Relati ve  uncertai n ty re l ated  to  the  
repeatabi l i ty of the  reference  connector 
mati ng  to  cabl i ng  connectors  

Cabl i ng  No  Yes  

Quanti ty of 
connectors  
depends  on  
method  
used .  

5 . 2 . 7 . 3  

u
CPDL

 
1 5  

Relati ve  uncertai n ty rel ated  to  the  PDL of 
the  cabl i ng  APC connectors  

Cabl i ng  No  Yes  
SM  and  
APC 

 

Mismatch  of reference  cord  fi bre  parameters  such  as  core  d iameter (or mode fie ld  d iameter)  
and  numerical  aperture  may generate  variation  of the  connector attenuation .  Uncertain ty due  
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to  reference  cord  fibre  parameters  is  assumed  to  be  i ncluded  i n  the  re lative  uncerta in ty of the  
attenuation  of the  reference  connectors.  

NOTE  1  Th i s  corresponds  to  uncertain ti es  reported  as  i ndex 20  and  21 .  

Fibre  cabl i ng  non- l i neari ti es  such  as  Raman  scattering  or Bri l lou in  scattering  shou ld  be  
cons idered  i f a  h i gh  power source  i s  used .  However,  when  us ing  common  sources  having  a  
maximum  ou tpu t power l ower than  1  mW (0  dBm),  fi bre  cabl ing  non  l i neari ty i s  neg l ig ib le .  

NOTE  2  Th i s  corresponds  to  uncertain ty reported  as  i ndex 22.  

6 Uncertainties  estimation  

6.1  Measurement model  

The attenuation  L  i s  expressed  as  the  ratio  of the  i nput power to  the  ou tpu t  power l evel  of the 

cabl i ng  under test as  shown  in  F igure  2 .  

 

Figure 2  – Measurement model  

 )/(log1 0 outin1 0dB PPL ⋅=  ( 1 )

 

where  

Pi n  i s  the  input  power 

Pout  i s  the  ou tput  power 

 outin / PPL =  (2)  

The  re lative  uncertain ty of the  power ratio  i s  calcu lated  accord ing  to  Formu la  1 3  of 
I SO/IEC Gu ide  98-3: 2008  as  fol l ows:  
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where  

Piu  are  the  uncertain ties  re lated  to  the  measurements  of power l evels ,  and  

Pi,  and  u(Pi , Pj)  are  the  covariance.  

For the  purposes  of th i s  Techn ica l  Report,  i t  i s  supposed  that uncertain ties  that may be  
correlated ,  l ike  the  stabi l i ty of the  source  and  the  effect of mu l ti p le  reflections,  were  grouped  
together.  

Th is  does  not appl y to  Pi n  and  Pout  when  read  from  a  s ing le  power meter.  To  avoid  anal ys is  of 

the  covariance  of these  two strong ly correlated  read ings ,  the  fol l owing  measurement model  i s  
used :  

F ibre  
p lant  

Pi n  (W) Pout  (W) 

IEC  
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 (4)  

•  where  

•  kc  i s  the  power meter ca l i bration  factor,  and  

•  kl i n  i s  the  deviation  created  on  Pout  by the  non- l i neari ty.  

Appl ying  th is  model  to  the  attenuation  measurement L  shows  that the  cal i bration  factor shou ld  
not be  taken  i n to  accoun t,  wh i l e  the  non -l i neari ty shal l  be  cons idered  for Pout on l y.  
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Therefore,  Equation  (3)  yiel ds  the  fol lowing  s impl i fi ed  equation :  
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By ca lcu lating  the  partia l  derivati ves  us ing  the  previous  equation ,  one  gets :  
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I t  i s  common  to  express  the  uncertain ties  inP
u

 
and  outPu  i n  a  re lati ve  form ,  namely:  
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 and  
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outout
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.  

Th is  can  be  ach ieved  by d i vi d ing  Equation  (7)

 

 by L2 ,  namely:  
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Th is  can  be  fi na l l y wri tten  as:  

 22
2

outin PP
nn

L uu
L

u
+=








 (9)  

6.2  Accumulation  of uncertainties  

The re lati ve  uncerta in ties  
inP

nu  and  
outPn

u  can  be  expressed  as  the  accumu lation  of the  

previous l y defined  re lati ve  uncertain ties .  

As  there  are  many poss ible  measurement configurations ,  the  accumu lation  of uncertain ties  
can  on l y be  anal ytical l y presented  for a  particu lar example.  The  ca lcu lation  reported  below 
appl ies  to  the  measurement of a  s i ng le  mode  l i nk having  PC connectors,  us ing  the  one  cord  
method  wi th  a  s ing le  power meter and  a  s i ng le  set  of reference  cables.  
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NOTE  Calcu l ation  resu l ts  for the  other confi gu rati ons  are  provi ded  i n  Table  6 .  
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Th is  l eads  to  the  fo l lowing  formu la:  
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Assum ing  the  Pi n  and  Pou t  re lated  terms  are  equal ,  g rouping  the  terms  gets:  
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The  combined  expanded  uncertain ty wi l l  fi na l l y be  g i ven  by:  

 
L

u
k

L

U LL ⋅=  (1 4)  

where  k  i s  the  coverage  factor.  

I f needed ,  the  logari thm ic value  of the  uncertain ty wi l l  fina l l y be  calcu lated  us ing  the  s impl i fi ed  
conversion  method  (see  Annex E) :  

 
L
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L
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)1 0ln(

1 0
=








 (1 5)  

7 General  representation  of the equation  using  sensi tivi ty coefficients  

Equation  1 3  can  be  expressed  us ing  the  fol l owing  general  form :  

 ∑
=





 ⋅=







 N

i

ni i
uc

L

u

1

22
2

L  ( 1 6)  

where  2
ic represent  the  coefficients  of Equation  1 3,  hereafter cal led  sens i ti vi ty coefficients .  

Table  5  reports  the  va lue  of the  sensi ti vi ty coefficien ts  ci  for d i fferent measurement cond i ti ons  

as  defined  by I EC 61 280-4-1  and  61 280-4-2 .  

Table  6  reports  the  value  of the  sensi ti vi ty coefficien ts  ci  for measurement cond i ti ons  defined  

i n  I SO/IEC 1 4763-3: 201 4.  

NOTE  As  i n  Equati on  (1 3),  i t  i s  assumed  that  P
i n
 and  P

ou t
 re l ated  terms  are  equal .  
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Table  5  – Sensi tivi ty coefficien ts  for IEC  61 280-4-1  and  IEC  61 280-4-2  methods  

Source  /  Sensi tivi ty coefficients  S ing le  mode Mu l timode 

Reference  Name  1 -cord  3-cord  2-cord  1 -cord  3-cord  2-cord  

5. 2. 5. 1  I nstabi l i ty of the  opti cal  source  1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  

5. 2 . 5. 2  Relati ve  uncertai n ty ari s i ng  from  the  uncertai n ty of the  opti ca l  source  
wavel ength  

1  1  1  1  1  1  

5 . 2 . 5. 3  Relati ve  uncertai n ty d ue  to  mu l timode  l aunch  cond i ti on  0  0  0  1  1  1  

5 . 2 . 5. 4  Relati ve  uncertai n ty d ue  to  non -l i neari ty of the  power metera)  1  1  1  1  1  1  

5 . 2 . 5. 5  Relati ve  uncertai n ty d ue  to  fi n i te  d i spl ay resol u tion  of power meter 1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  

5. 2 . 5. 6  Relati ve  uncertai n ty d ue  to  power meter spatia l  un i form i tyb)  1 , 41 4  1 , 41 4  1 , 41 4  0  0  0  

5. 2 . 5. 7  Relati ve  uncertai n ty d ue  to  pol ari zati on  dependency of power meter 1 , 41 4  1 , 41 4  1 , 41 4  0  0  0  

5. 2 . 5. 8  Relati ve  uncertai n ty d ue  to  power meter noi se  1 , 41 4  1 ,41 4  1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  

5. 2. 5. 9  Relati ve  uncertai n ty ari s i ng  from  power meter i nstabi l i ty  1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  

5. 2 . 5. 1 0  Relati ve  uncertai n ti es  of the  absolu te  power measurementsc)  1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  

5. 2 . 6 . 1  Mati ng  reproducibi l i ty (setup)  0  1 , 41 4  1  0  1 , 41 4  1  

5 . 2 . 6 . 2  Repeatabi l i ty of the  reference  connectors  mati ng  0  1 , 41 4  1  0  1 , 41 4  1  

5 . 2 . 6 . 3  PDL of the  reference  APC connectorsd )  1  1 , 732  1 , 41 4  0  0  0  

5 . 2 . 7 . 1  Mati ng  reproducibi l i ty (cabl i ng )  1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  

5. 2 . 7 . 2  Relati ve  uncertai n ty re l ated  to  the  repeatab i l i ty of the  reference  connector 
mati ng  to  cabl i ng  connectors  

1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  

5. 2 . 7 . 3  Relati ve  uncertai n ty re l ated  to  the  PDL of the  cabl i ng  APC connectorsd )  1 , 732  1 , 732  1 , 732  0  0  0  

NOTE  Values  i n  b l ue  characters  depend  on  the  associated  note.  Val ues  i n  bold  characters  denote  uncertai n ti es  that  d epend  on  other parameters  (see  Annex C).  

a)  On ly when  us i ng  on ly one  power meter.  The  coeffi cien t  shal l  be  equal  to  zero  i f two  d i fferen t  power meters  are  used .  

b)  On ly when  us i ng  both  PC and  APC connectors.  The  coeffi cien t  shal l  be  equal  to  zero  i f the  same  type  of connector i s  used .  

c)  On ly when  us i ng  two  d i fferent  power meters.  The  coeffi cien t  shal l  be  equal  to  zero  i f on l y one  power meter i s  used .  

d )  On ly when  us i ng  APC connectors.  The  coeffi cien t  shal l  be  equal  to  zero  when  PC connectors  are  used .  
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Table  6  – Sensi tivi ty coefficien ts  for ISO/IEC  1 4763-3: 201 4 methods  

Source /  Sensi tivi ty coefficients  S ing le  mode Mu l timode 

Reference  Name  Channel s  Links  Channel s  Links  

5. 2 . 5. 1  I nstabi l i ty of the  opti cal  source  1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  

5. 2 . 5. 2  Relati ve  uncertai n ty ari s i ng  from  the  uncertai n ty of the  opti ca l  source  wavelength  1  1  1  1  

5 . 2 . 5. 3  Relati ve  uncertai n ty d ue  to  mu l timode  l aunch  cond i ti on  0  0  1  1  

5 . 2 . 5. 4  Relati ve  uncertai n ty d ue  to  non -l i neari ty of the  power metera)  1  1  1  1  

5 . 2 . 5. 5  Relati ve  uncertai n ty d ue  to  fi n i te  d i spl ay resol u tion  of power meter 1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  

5. 2 . 5. 6  Relati ve  uncertai n ty d ue  to  power meter spatia l  un i form i tyb)  1 , 41 4  1 , 41 4  0  0  

5. 2 . 5. 7  Relati ve  uncertai n ty d ue  to  pol ari zati on  dependency of power meter 1 , 41 4  1 , 41 4  0  0  

5. 2 . 5. 8  Relati ve  uncertai n ty d ue  to  power meter noi se  1 ,41 4  1 , 41 4  1 , 41 4  1 , 41 4  

5. 2. 5. 9  Relati ve  uncertai n ty ari s i ng  from  power meter i nstabi l i ty  1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  

5. 2 . 5. 1 0  Relati ve  uncertai n ti es  of the  absolu te  power measurementsc)  1 , 41 4  1 , 41 4  1 , 41 4  1 , 41 4  

5. 2 . 6 . 1  Mati ng  reproducibi l i ty  0  0  0  0  

5. 2 . 6. 2  Repeatabi l i ty of the  reference  connectors  mati ng  0  0  0  0  

5 . 2 . 6 . 3  PDL of the  reference  APC connectorsd )  1  1  0  0  

5 . 2 . 7 . 1  Mati ng  reproducibi l i ty (cabl i ng )  0  1 , 41 4  0  1 , 41 4  

5. 2 . 7 . 2  Relati ve  uncertai n ty re l ated  to  the  repeatab i l i ty of the  reference  connector mati ng  to  
cabl i ng  connectors  

0  1 , 41 4  0  1 , 41 4  

5. 2 . 7 . 3  Relati ve  uncertai n ty re l ated  to  the  PDL of the  cabl i ng  APC connectors
d )
 1 , 732  1 , 732  0  0  

NOTE  Values  i n  b l ue  characters  depend  on  the  associated  note.  Val ues  i n  bold  characters  denote  uncertai n ti es  that  depend  on  other parameters  (see  Annex C).  

a)   On ly when  us i ng  on ly one  power meter.  The  coeffi cien t  shal l  be  equal  to  zero  i f two  d i fferent  power meters  are  used .  

b)   On ly when  us i ng  both  PC and  APC connectors .  The  coeffi cien t  shal l  be  equal  to  zero  i f the  same  type  of connector i s  used .  

c)   On ly when  us ing  two d i fferent  power meters.  The  coeffi cien t  shal l  be  equal  to  zero  i f on l y one  power meter i s  used .  

d )   On ly when  us i ng  APC connectors.  The  coeffi cien t  shal l  be  equal  to  zero  when  PC connectors  are  used .  

 

 

Copyright International  Electrotechnical  Commission  



 – 22  – I EC TR 61 282-1 4: 201 6  © I EC  201 6  

8 Calculation  

8. 1  Combined  standard  uncertainty 

Determ ine  the  i nd ividual  uncertain ties  con tributions  reported  in  Table  2 ,  Table  3  and  Table  4  
us ing  measurement device  suppl ier data  and  Annex C.  

Combine  ind ividual  u ncerta in ties  contributions  us ing  Equation  1 6  and  Table  5  or Table  6 ,  to  

determ ine  
L

uL .  

8.2  Expanded  uncertainty 

Calcu late  the  expanded  uncertain ty from :  

 
L

u
k

L

U LL ×=  (1 7)  

where  k  i s  the  coverage  factor.  

8.3  Determination  of the  coverage factor k  

8 . 3. 1  General  approach  

Usual l y,  the  l evel  of confidence for reporting  i s  chosen  to  95  %  as  a  defau l t va lue,  and  hence  
the  associated  value  of  k i s  2  (see  Annex A for more  deta i l s).  

8.3.2  Discussion  

The  statement i n  8 . 3. 1  i s  on l y va l i d  i f the  effecti ve  degree  of freedom  neff  i s  l arge  (e . g .  >50),  
wh ich  is  true  most of the  time.  However,  neff,  cou ld  be  l ower i n  some cases,  especia l l y when  a  
s i gn i ficant  con tribu tion  is  not  wel l  known .  

The  effective  degree  of freedom  neff,  can  be  calcu lated  from  ISO/I EC  98-3:2008  equation  
G .2b:  

 

∑
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n  ( 1 8)  

where  n i,  are  the  degrees  of freedom  of each  ind ividual  uncertain ty equal  to:  

•  n-1 ,  for a  s ing le  quanti ty estimated  from  the  ari thmetic mean  of n  i n dependent 
observations  (measurement and  type  A uncertain ties);  

•  
2

2

1
−








 ∆

i

i

u

u
for type  B  uncertain ties  having  the  quanti ty i n  l arge  brackets  equal  to  the  

re lati ve  uncertain ty of ui.  Refer to  GUM: 1 995,  Annex G 1  for more  deta i l s.  

————————— 
1   Guide to  the  expression of uncertainty in  measurement  (GUM),  publ i shed  i n  1 993,  corrected  and  reprin ted  i n  

1 995.  Th i s  publ i cati on  has  been  replaced  by I SO/IEC 98-3: 2008  (see  B ibl i og raphy).  
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Then ,  i f neff  <  50 ,  k for a  g i ven  value  of n  can  be  extrapolated  from  Table  G . 2  of GUM: 1 995 2,  

wh ich  is  partia l l y reproduced  in  Table  7 .  

Table  7  – Values  of k95  for d i fferent values  of n  

v  k
95

  v  k
95
  v  k

95
  v  k

95
  v  k

95
 

1  1 2 , 71   6  2 , 45   1 1  2 , 2   1 6  2 , 1 2   25  2 , 06  

2  4 , 3   7  2 , 36   1 2  2 , 1 8   1 7  2 , 1 1   30  2 , 04  

3  3 , 1 8   8  2 , 31   1 3  2 , 1 6   1 8  2 , 1 0   35  2 , 03  

4  2 , 78   9  2 , 26   1 4  2 , 1 4   1 9  2 , 09   40  2 , 02  

5  2 , 57   1 0  2 , 23   1 5  2 , 1 3   20  2 , 09   45  2 , 01  

 

8.3.3  Typical  values  of degree of freedom  

Table  8  provides  typical  va lues  of n i,  for d i fferent con tribu tions.  

Table  8  – Typical  values  of n
i
 

Reference  Name  n
i
 Remark 

5. 2. 5. 1  I nstabi l i ty of the  opti cal  source  200   

5 . 2 . 5. 2  
Relati ve  uncertai n ty ari s i ng  from  the  
uncertain ty of the  opti cal  source  wavel ength  

200   

5 . 2 . 5. 3  
Relati ve  uncertai n ty d ue  to  mu l timode  l aunch  
cond i ti on  

3 , 7  at  850  nm  

4, 5  at  1  300  nm  i

i

u

u∆
=0, 368  at  850  nm  and  

0 , 333  at  1 300  nm  

5. 2 . 5. 4  
Relati ve  uncertai n ty due  to  non -l i neari ty of the  
power meter  

200   

5 . 2 . 5. 5  
Relati ve  uncertai n ty due  to  fi n i te  d i splay 
resol u tion  of power meter 

∞  No  u ncerta in ty on  th i s  val ue  

5. 2 . 5. 6  
Relati ve  uncertai n ty due  to  power meter spatia l  
un i form i ty 

200   

5 . 2 . 5. 7  
Relati ve  uncertai n ty due  to  pol ari zati on  
dependency of power meter 

200   

5 . 2 . 5. 8  Relati ve  uncertai n ty due  to  power meter noi se  20  000   

5 . 2 . 5. 9  
Relati ve  uncertai n ty ari s i ng  from  power meter 
i nstabi l i ty  

200   

5 . 2 . 5. 1 0  
Relati ve  uncertai n ti es  of the  absolu te  power 
measurements  

200   

5 . 2 . 6. 1  Mati ng  reproducibi l i ty (setup)  5  000   

5 . 2 . 6. 2  
Repeatabi l i ty of the  reference  connectors  
mati ng  

5  000   

5 . 2 . 6. 3  PDL of the  reference  APC connectors  200   

5 . 2 . 7. 1  Mati ng  reproducibi l i ty (cabl i ng )  5  000   

5 . 2 . 7. 2  
Relati ve  uncertai n ty rel ated  to  the  repeatab i l i ty 
of the  reference  connector mati ng  to  cab l i ng  
connectors  

5  000   

5 . 2 . 7. 3  
Relati ve  uncertai n ty rel ated  to  the  PDL of the  
cabl i ng  APC connectors  

200   

————————— 
2  Guide to  the  expression of uncertainty in  measurement  (GUM),  publ i shed  i n  1 993,  corrected  and  reprin ted  i n  

1 995.  Th i s  publ i cati on  has  been  replaced  by I SO/I EC 98-3: 2008  (see  B ib l i og raphy).  
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Annex A 
(normative)  

 
Mathematical  basis  

A.1  General  

This  annex summarises  the  form  of evaluating ,  combin ing  and  reporting  the  uncertain ty of 
measurement.  I t  i s  based  on  I SO/IEC Gu ide  98-3: 2008  but does  not re l i eve  the  need  to  
consu l t  th is  gu ide  for more  advice.  

Th is  annex d isti ngu ishes  two types  of evaluation  of uncerta in ty of measurement.  Type  A i s  the  
method  of evaluation  of uncerta in ty by the  statis tical  anal ys is  of a  series  of measurements  on  
the  same measurand .  Type B  is  the  method  of evaluation  of uncertain ty based  on  other 
knowledge.  

A.2  Type A evaluation  of uncertainty 

The type  A evaluation  of standard  uncertain ty can  be  appl ied  when  several  i ndependent  
observations  have  been  made  for a  quanti ty under the  same cond i tions  of measurement.  

For a  quan ti ty X  estimated  from  n  i ndependent  repeated  observations  Xk,  the  ari thmetic  

mean  i s :  

 ∑
=

=
n

k

kX
n

X

1

1  (A. 1 )  

Th is  mean  i s  used  as  the  estimate  of the  quanti ty,  that i s  x  = X .  The  experimental  s tandard  

deviation  of the  observations  i s  g i ven  by:  
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k XX
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Xs  (A. 2)  

where  

X  i s  the  ari thmetic  mean  of the  observed  values;  

Xk  are  the  measurement samples  of a  series  of measurements ;  

n  i s  the  number of measurements ;  i t  i s  assumed  to  be  large,  for example,  n  ≥  1 0.  

The  type  A standard  uncerta in ty u typeA(x)  associated  wi th  the  estimate  x  i s  the  experimenta l  

standard  deviation  of the  mean :  

 n

Xs
Xsxu

)(
)()(typeA ==

 (A. 3)  

A.3  Type B  evaluation  of uncertainty 

The type  B  evaluation  of standard  uncerta in ty i s  the  method  of evaluating  the  uncertain ty by 
means  other than  the  statistical  anal ys is  of a  series  of observations.  I t  i s  evaluated  by 
scien ti fic  j udgement based  on  a l l  avai l able  i n formation  on  the  variabi l i ty of the  quanti ty.  
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I f the  estimate  x  of a  quan ti ty X i s  taken  from  a  manufacturer’s  speci fication ,  ca l i bration  
certi ficate,  handbook,  or other source  and  i ts  quoted  uncertain ty U(x)  i s  s tated  to  be  a  mu l ti p le  
k of a  standard  deviation ,  the  standard  uncertain ty u(x)  i s  s impl y the  quoted  va lue  d ivi ded  by 

the  mu l tipl i er.  

 u(x)  =  U(x)  /  k (A. 4)  

I f on l y upper and  l ower l im i t Xmax  and  Xmin  can  be  estimated  for the  value  of the  quan ti ty X,  a  

rectangu lar probabi l i ty d i stribution  i s  assumed.  The  s tandard  uncertain ty i s :  

 
( )

3

,
)( MAX

minmax xXxX
xu

−−
=  (A. 5)  

The  con tribu tion  to  the  standard  uncertain ty associated  wi th  the  ou tput  estimate  y  resu l ti ng  
from  the  standard  uncertain ty associated  wi th  the  i nput estimate  x  i s :  

 u(y)  =  c  u(x)  (A. 6)  

where  c  i s  the  sens i ti vi ty coefficient associated  wi th  the  input estimate  x,  that i s  the  partia l  
derivati ve  of the  model  function  y(x) ,  eva luated  at the  i nput  estimate  x .  

 
x

y
c

∂
∂

=  (A. 7)  

The sensi ti vi ty coefficien t c  d escribes  the  extent to  wh ich  the  ou tpu t estimate  y  i s  i n fl uenced  
by variations  of the  i nput estimate  x .  I t  can  be  evaluated  by Equation  (A. 5)  or by using  
numerical  methods,  that i s  by calcu lati ng  the  change in  the  ou tput estimate  y  due  to  a  change  
i n  the  i npu t estimate  x  from  a  model  function .  Sometimes  i t  may be  more  appropriate  to  find  
the  change i n  the  ou tput  estimate  y  due  to  the  change  of  x  from  an  experimen t.  

A.4  Determining  the combined  standard  uncertainty 

The combined  s tandard  uncerta in ty is  used  to  col l ect a  number of i nd ividual  u ncertain ties  i n to  
a  s ing le  number.  The  combined  s tandard  uncerta in ty i s  based  on  statis tical  i ndependence of 
the  i nd ividual  u ncerta in ties.  I t  i s  ca lcu lated  by root-sum-squaring  a l l  standard  uncertain ties  
obtained  from  type  A and  type  B  evaluations:  

 ∑
=

=
n

i

i yuyu

1

2
c )()(  (A. 8)  

where  

i  i s  the  current number of i nd ividual  contributions ;  

ui(y)  are  the  s tandard  uncerta in ty con tributions;  

n  i s  the  number of uncerta in ties.  

NOTE  I t  i s  acceptabl e  to  neg lect  uncertai n ty contribu ti ons  to  th i s  equati on  that  are  smal l er than  1 /1 0  of the  
l argest  con tri bu ti on ,  because  squaring  them  wi l l  reduce  thei r s i gn i fi cance  to  1 /1 00  of the  l argest  contri bu ti on .  

When  the  quan ti ties  above are  to  be  used  as  the  basis  for fu rther uncertain ty compu tations,  
then  the  combined  standard  uncerta in ty,  uc,  can  be  re- i nserted  in to  Equation  (7) .  
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Despi te  i ts  partia l l y type  A ori g in ,  uc  shou ld  be  cons idered  as  describ ing  an  uncerta in ty of 

type  B .  

A.5  Reporting  

I n  ca l i bration  reports  and  techn ical  data  sheets,  combined  standard  uncerta in ties  shal l  be  
reported  i n  the  form  of expanded  uncertain ties,  together wi th  the  appl icable  l evel  of 
confidence.  Correction  factors  or deviations  shal l  be  reported .  The  expanded  uncertain ty U i s  
obtained  by mu l tip l ying  the  standard  uncertain ty uc(y)  by a  coverage factor k:  

 U =  k uc(y)  (A. 9)  

For a  l evel  of confidence of approximatel y 95  %,  the  defau l t  l evel ,  then  k  =  2 .  I f a  l evel  of 
confidence of approximatel y 99  %  is  chosen ,  then  k =  3 .  The  above  values  for k  are  val id  
under some cond i ti ons  (see  I SO/I EC 98-3:2008).  I f these  cond i ti ons  are  not met,  l arger 
coverage factors  are  to  be  used  to  reach  these  l evels  of confidence.  
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Annex B  
(informative)  

 
Measurement methods  

B.1  Measurement methods  as  per IEC 61 280-4-1  and  61 280-4-2  

B.1 . 1  General  

Figure  B. 1 ,  F igure  B . 2 ,  F i gure  B. 3  and  F igure  B. 4  reproduce measurement configuration  
d iagrams  defined  in  I EC 61 280-4-1 : 2009  and  61 280-4-2: 201 4 ,  Annexes  A,  B  and  C.  For more  
detai ls ,  refer to  I EC  61 280-4-1  and  I EC  61 280-4-2 .  

B.1 .2  Measurement configuration  

 

Key 

LS  l i gh t  sou rce  TC2  recei ve  cord  

TC1  l aunch  cord  PM  power meter 

C  cabl i ng  under test   

NOTE  Reference  g rade  term inations  are  shaded .  

Figure B. 1  – Measurement configuration  

B. 1 .3  One-cord  reference configuration  

 

Key 

LS  l i gh t  sou rce  

TC1  l aunch  cord  

PM  power meter 

Figure B.2  – One-cord  reference measurement  

PM  

 

 LS  

TC1  TC2  
 

A  C  B  

IEC  

  

 

 Pou t  

 

 LS  
 

PM  

 

 Pi n  
 

TC1  

IEC  
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B.1 .4  Two-cord  reference  configuration  

 

Key 

LS  l i gh t  sou rce  TC2  recei ve  cord   

TC1  l aunch  cord  PM  power meter  

Figure B.3  – Two-cord  reference measurement  

B. 1 .5  Three-cord  reference  configuration  

 

Key 

LS  l i gh t  sou rce  TC2  recei ve  cord  

TC1  l aunch  cord  PM  power meter 

TC3  substi tu ti on  cord   

Figure B.4 – Three-cord  reference measurement 

B.2  Measurement methods  as  per ISO/IEC 1 4763-3: 201 4 

B.2. 1  General  

Figure  B. 5,  F igure  B . 6,  F i gure  B. 7  and  F igure  B. 8  reproduce measurement configuration  
d iagrams  defined  i n  I SO/IEC 1 4763-3.  

 

 LS  

D  

IEC  

 
PM  

TC1  TC2  
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 LS  
 

PM  

TC1  TC3  TC2  
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IEC  

 

 Pi n  
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B.2.2  Channels  

B.2.2. 1  Measurement configuration  

 

Key 

LS  l i gh t  sou rce  EQ1  equ i pment  l aunch  cord   

TC1  l aunch  cord  PM  power meter  

C  cabl i ng  under test  EQ2   equ i pment  recei ve  cord   

Figure B.5 – Measurement on  channel  

B.2.2.2  Channel  reference configuration  

 

Key 

LS  l i gh t  sou rce   

TC1  l aunch  cord   

EQ1  equ i pment  l aunch  cord  

PM  power meter 

 

Figure B.6  – Channel  reference measurement 

B.2.2.3  Uncertainties  

For uncertain ty aspects ,  th is  method  i s  equ ivalen t to  the  method  i n  I EC  61 280-4-1  and  
IEC 61 280  4-2  one-cord  method ,  except  for 5 . 2. 7. 1  and  5 . 2. 7. 2.  

 

 LS  PM  

 

C  B  D  

TC1  EQ2  

IEC  

EQ1  

A  

 

 Pou t  
  

 

 LS  
 

IEC  

D  
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B.2.3  Links  

B.2.3. 1  Measurement configuration  

 

Key 

LS  l i gh t  sou rce  TC2  recei ve  cord  B  Connection  poi n t  between  cabl i ng  
under test  and  recei ve  cord  

TC1  l aunch  cord  PM  power meter  

C  cabl i ng  under 
test  

A Connection  poi n t  between  
l aunch  cord  and  cabl i ng  
under test  

 

NOTE  Reference  g rade  term inati ons  are  shaded .  

Figure B.7  – Link measurement  configuration  

B.2.3.2  Link reference  configuration  

 

Key 

LS  l i gh t  sou rce  

TC1  l aunch  cord  

PM  power meter 

Figure B.8  – Link reference measurement  

B.2.3.3  Uncertainties  

For uncertain ty aspects ,  th is  method  is  equ iva len t to  the  method  i n  I EC  61 280-4-1  and  
I EC 61 280-4-2  one-cord  method .  

PM  
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Annex C  
(normative)  

 
Uncertainties  evaluation  

C.1  Type A uncertainties  

C.1 . 1  General  

Type A uncerta in ties  are  evaluated  by the  statistical  anal ys is  of a  series  of measurements .  I t  
i s  not the  obj ecti ve  of th is  Techn ical  Report  to  recommend  the  add i tion  of extra  
measurements .  However,  i n  some cases,  a  statis tica l  evaluation  performed  i n  real  cond i ti ons  
can  help  to  reduce  a  l arge  value  of uncerta in ty extracted  from  the  documentation  of the  
product.  

C.1 .2  Evaluation  of optical  source  instabi l i ty and  associated  uncertainties  

Evaluation  of the  source  stabi l i ty can  be  performed  us ing  the  test configuration  described  i n  
F igure  B. 2.  

After source  and  power metre  warm  up,  the  source  power measurement (Pt, i)  i s  recorded  at a  

regu lar time  in terval  (∆t)  over a  l ong  period ,  making  sure  the  number of i nd ividual  
measurements  (m)  i s  greater than  20.  

I f appropriate,  the  measurement period  shou ld  be  l onger than  the  period  of temperature  
variation  of the  measurement envi ronment.  

The  standard  deviation  of the  re lative  variation  of power measurement can  then  be  calcu lated  
from :  
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 (C. 1 )  

Then  us ing  Equation  (A.3),  the  re lati ve  uncertain ty due  to  optical  source i nstabi l i ty i s  

 
tmP

su
Δ,pstab =  (C. 2)  

C.2  Type B  uncertainties  

C.2. 1  General  

Type B  uncerta in ty evaluation  i s  obtained  by means  other than  a  s tatistical  anal ys is  of 
observations.  I t  shou ld  be  evaluated  by scien ti fic j udgement based  on  a l l  ava i l ab le  
i n formation .  The  fol lowing  clauses  provide  gu idance for evaluation .  

C.2.2  Evaluation  of the  power meter noise  

I n  some cases,  i n formation  on  the  optical  power meter noise  is  provided  by the  suppl ier.  
When  th is  in formation  is  avai lab le,  the  re lative  uncerta in ty aris i ng  from  the  power meter noise  
is  equal  to  the  noise  power (peak to  peak)  d ivided  by the  m in imum  measured  power l evel .  
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For example,  i f a  power meter having  a  noise  l evel  of 1 00  pW peak to  peak i s  used  to  
measure  a  30  dB  attenuation  cabl i ng  i n  con junction  wi th  a  0  dBm  source  (1  mW),  the  re lati ve  
uncertain ty aris ing  from  the  power meter noise  is :  

 %01,01000,01 0
0001/mW1

pW 1 00 )331 0(

minout

noise
noise

→==== ++−

P

P
uP  (C. 3)  

The  noise  generated  by the  photod iode  and  the  e lectron ics  of the  power meter l im i ts  the  
measurement range.  I f the  optica l  power meter noise  va lue  is  not avai l able ,  i t  can  be  
estimated  as  20  %  of the  m in imum  value  of the  measurement range.  

C.2.3  Elements  to  be  considered  for power meter stabi l i ty analysis  

Short and  l ong  term  instabi l i ty of the  power meter cannot be  eas i l y separated  from  the  
i nstabi l i ty of the  source.  When  determ in ing  Type  A uncertain ty of the  optical  source  as  
described  in  C. 1 . 2,  the  i nstabi l i ty of the  power is  a lso  recorded .  

I f,  duri ng  measurement,  the  power meter operates  i n  environmenta l  cond i ti ons  used  to  
determ ine  sou rce  instabi l i ty,  then  add i tional  con tribu tion  shou ld  be  considered  equal  to  zero.  

I f the  power meter operates  i n  d i fferent environmental  cond i ti ons  ( temperature  and  re lative  
hum id i ty) ,  the  add i tional  con tribu tion  of uncerta in ty shal l  be  determ ined  from  the  
documentation  of the  power meter.  

I n  many cases,  the  documentation  of the  power meter may not be  able  to  provide  temperature  
and  hum id i ty dependence of the  product.  Therefore,  i t  i s  recommended  to  characterise  the  
stabi l i ty of the  source  over the  fu l l  range  of envi ronmental  cond i tions  appl icable  to  both  
source  and  power meter over the  duration  of measurement.  

C.2.4  Evaluation  of the  centre  wavelength  dependence  

C.2.4. 1  Principle  

Assuming  the  cabl i ng  attenuation  wavelength  dependence i s  equ ivalent to  the  fi bre  
attenuation  wavelength  dependence,  Equation  (A. 8)  can  be  used  to  determ ine  the  sensi ti vi ty 
factor of the  uncertain ty aris i ng  from  the  uncertain ty of the  source  wavelength .  

Local l y,  the  spectral  attenuation  of a  fibre  can  be  estimated  us ing  a  pol ynom ial  equation  such  
as:  

 6
6

5
5

4
4

3
3

2
210)( λαλαλαλαλαλααα λ ++++++=  (C. 4)  

The  derivati ve  of th is  function  is  the  sens i ti vi ty coefficient  c(λ) :  

 5
6

4
5

3
4

2
321

)(
)( 65432 λαλαλαλαλαα

λ

α λ
λ +++++=

∂

∂
=c  (C. 5)  

where  λ  i s  the  selected  measurement wavelength  (e. g .  typ ical l y 850  nm ,  1  300  nm ,  1  31 0  nm  
or 1  550  nm).  

Therefore,  s tandard  Equation  (A. 8)  becomes:  

 )()()( λλλ ucu s ×=  (C. 6)  
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C.2.4.2  Appl ication  

The typica l  fi bre  spectral  attenuation  g i ven  F igure  C. 1  can  be  used  to  determ ine  Equation  
(C. 4)  coefficients.  

 

Key 

Red  MM  A1  type  fi bre  

B l ue  SM  B1 . 3  type  fi bre  

Figure C. 1  – Typical  spectral  response  of a  fibre  

Table  C. 1  provides  coefficien t va lues  determ ined  from  the  curve  shown  i n  F igure  C. 1 .  

Table  C . 1  – Spectral  attenuation  coefficients  

 
Domain  

nm  
α
0  

α
1
 α

2
 α

3
 α

4
 α

5
 α

6
 

MM A1  
800  to  
1  350  

5, 24× 1 0−01  −2, 94×1 0−03  6 , 85× 1 0−06  −8, 49×1 0−09  5 , 88× 1 0− 1 2  −2, 1 6×1 0− 1 5  3 , 30× 1 0−1 9  

SM  B1 . 3  
1  285  to  
1  385  

−7, 51 ×1 0−02  1 , 72× 1 0−04  −1 , 31 × 1 0−07  3 , 32× 1 0− 1 1  0  0  0  

SM  B1 . 3  
1  385  to  
1  675  

1 , 38× 1 0−01  −3, 62×1 0−04  3 , 59× 1 0−07  −1 , 58×1 0−1 0  2 , 61 −1 4    

 

Sensi tivi ty coefficien ts  determ ined  from  Table  C. 1  us ing  Equation  (C.6)  are  g i ven  i n  
Table  C.2 .  

Table  C.2  – Sensitivi ty coefficients  

λ Fibre  c(λ ) (m–1 )  

850  nm  MM  A1  fi bre  −2, 204×1 0−06  

1  300  nm  MM  A1  f −3, 390×1 0−07  

1  31 0  nm  SM  B1 . 3  f −2, 482×1 0−07  

1  550  nm  SM  B1 . 3  f −3, 993×1 0−08  

IEC  

1 0–5  

A
lp
h
a
  
 (
m

–
1
) 

450  
Wavelength    (nm)  

550  650  750  850  950  1  050  1  1 50  1  250  1  350  1  450  1  550  1  650  1  750  

1 0–4  

1 0–3  

1 0–2  
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λ Fibre  c(λ ) (m–1 )  

1  625  nm  SM  B1 . 3  f +1 , 655×1 0−07  

 

Example:  

When  the  centre  wavelength  of a  1  31 0  nm  s ing le  mode source  is  known  wi th  an  uncertain ty 
of 30  nm ,  the  uncertain ty contribu tion  for one  meter of fi bre  is :  

 1–67 m1 0446,7301 0482,2)()( −− ⋅−=×⋅−=⋅= λλm Ucλs  (C. 7)  

Th is  represents  0, 032  dB/km .  

C.2.5  Spectral  width  dependence  

When  the  source  spectrum  is  symmetrical ,  and  when  the  spectra l  attenuation  curve  does  not 
exh ib i t  an  i n flexion  poin t,  the  variation  of spectral  wid th  does  not impact  the  measurement.  

C.2.6  Evaluation  of the  uncertain ties  due  to  MM  launch  conditions  

The enci rcled  flux l im i ts  are  i n tended  to  constrain  loss  variation ,  relative  to  the  l oss  measured  

by a  source  exactl y on  the  target l aunch ,  to  be  no  g reater than  the  l arger of ±0, 1  times  the  
attenuation  value  in  dB  or the  th reshold  va lue  (see  I EC  6261 4: 201 0,  5. 6) .  

For example,  a  threshold  va lue  of 0 , 08  dB  means  that the  l oss  variation  is  usual l y expected  to  

be  wi th in  ±0, 1  times  the  loss  value  for l osses  equal  to  or greater than  0 , 8  dB,  and  wi th in  
0, 08  dB  for losses  l ess  than  0, 8  dB.  

Recent anal ys is  ( to  be  publ ished  in  201 6)  i s  showing  that at 1  300  nm  and  50  mm,  loss  

variation  may on l y be  constrained  wi th in  ±0, 2  times  the  attenuation  value  i n  dB.  As  
uncertain ties  ca lcu lation  shou ld  a lways  be  conservative,  i t  i s  recommended  to  use  th is  new 

value  for 1  300  nm  and  50  mm.  

F igure  C. 2  provides  uncertain ty values  to  be  used  for a  g i ven  measured  l oss  (having  d i fferen t 
wavelengths  and  fi bres).  

NOTE  I n  the  attenuation  model ,  the  uncertain ti es  come from  a  l im i ted  number of connectors.  The  number of 
connectors  i s  too  smal l  to  a l l ow the  val i d i ty  of the  cen tra l  l im i t  theorem .  Therefore  the  d i stri bu tion  of the  uncertai n ty 
i s  considered  as  rectangu l ar.  
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Figure C.2  – Uncertainties  due  to  the  l aunch  conditions  for a  g iven  loss  

C.2.7  Evaluation  of the  PDL  

PDL of an  APC connector can  be  estimated  assum ing  the  transm i tted  power depend ing  upon  
the  polari zation  state  of the  l i gh t that may vary i n  any d i rection  (e. g .  from  para l l e l  to  
perpend icu lar) .  
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where  

Ts  and  Tp  are  the  transm i tted  coefficien t for para l le l  and  perpend icu lar polari zation ;  

n1  and  n2  are  respectivel y the  refractive  i ndex of the  fi bre  and  of the  a i r;  

θ i  i s  the  ang le  of the  connector.  

For example,  at 1  550  nm ,  assum ing  the  a i r i ndex is  1 , 000  26  and  the  fibre  i ndex i s  1 , 468  1 6 ,  
the  PDL is  0 , 01 8  dB  for an  8°  ang led  connector.  

IEC  

0, 05  

0  

0, 1  

0, 1 5  

0, 2  

0, 25  

0, 30  

0, 35  

0, 40  

0, 45  

0, 5  

A
tt
e
n
u
a
ti
o
n
 v
a
ri
a
ti
o
n
  
 (
d
B
) 

0  0, 5  1  1 , 5  2  2, 5  3  5  4, 5  4  3, 5  
Attenuati on    (dB)  

Attenuation  variation 850 50 µm  
Attenuation  variation 1  31 0 50 µm  
Attenuation  variation 850 62,5 µm  
Attenuation  variation 1  31 0 62,5 µm  
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C.2.8  Uncertainty of absolute  power measurement  

C.2.8. 1  General  

When  two d i fferent  power meters  are  used ,  the  uncertain ty due  to  the  optica l  power metre  
absolu te  cal i bration  uabs  needs  to  be  determ ined  from  the  absolu te  uncertain ty at operating  
cond i ti ons  of each  optical  power meters  uabs_operati ng , i.  

I EC 61 31 5: 2005,  6 . 2  can  be  used  to  determ ine  uabs_operati ng , i.  taking  i n to  cons ideration  the  
absolu te  ca l ibration  at reference cond i ti ons  and  al l  operation  cond i ti ons  such  as  maximum  
span  between  ca l ibration ,  ambiance  temperature,  power measuring  range,  wavelength  range,  
etc.  

C.2.8.2  Calcu lation  

When  uabs_operati ng , i  i s  determ ined  for each  optical  power meter,  the  uncertain ty of absolu te  

power measurement can  be  calcu lated  from  Equation  C. 1 1 .  

 ( ) ( )22,ingabs_operat
2

1,ingabs_operatabs uuu +=  (C. 1 1 )  
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Annex D  
(normative)  

 
Typical  values  of uncertainties  

Table  D . 1  provides  typical  va lues  of uncertain ty con tribu tions  that can  be  used  for calcu lation .  
The  table  also  provides  the  correspondence  wi th  I EC  TR 62627-04.  

Table  D . 1  – Typical  values  of uncertainties  

Reference  Source  of uncertain ty /  Defau l t  value  Typical  value  Comments  

Reference  
IEC  TR 

62627-04 a  
(i  i n  

Table  1 )  

5. 2. 5. 1  Relati ve  uncertai n ty ari s i ng  from  the  i nstabi l i ty of 
the  opti ca l  source

a)
 

0 , 05  dB   
(6)  

5 . 2 . 5. 2  Relati ve  attenuati on  u ncertain ty ari s i ng  from  the  
uncertain ty of the  opti cal  source  wavel ength  

f(λ )  See  C. 2. 4  
 

5 . 2 . 5. 3  Relati ve  uncertai n ty d ue  to  the  mu l timode  l aunch  
cond i ti on  

f(Att)  See  C. 2. 6  
 

5 . 2 . 5. 4  Relati ve  uncertai n ty ari s i ng  from  the  non-l i neari ty 
of the  power meter 

0 , 005  dB   
(4)  

5 . 2 . 5. 5  Relati ve  uncertai n ty ari s i ng  from  the  fi n i te  d i splay 
resol u tion  of power meter 

0 , 005  dB   
(3)  

5 . 2 . 5. 6  Relati ve  uncertai n ty ari s i ng  from  power meter 
spatia l  u n i form i ty

 b )
 

0   
(5)  

5 . 2 . 5. 7  Relati ve  uncertai n ty ari s i ng  from  the  polari zati on  
dependency of power meter 

0 , 005  dB  or 
0 , 01  dB  

PC connectors:  
0 , 005  dB  
otherwise:  0 , 01  dB  

(2)  

5 . 2 . 5. 8  Relati ve  uncertai n ty ari s i ng  from  power meter 
noi se  

f(noise  level)  See  C. 2. 2  noi se  
l evel  =  1 00  pW 

 

5 . 2 . 5. 9  Relati ve  uncertai n ty ari s i ng  from  power meter 
i nstabi l i ty  

0 , 004  dB   
 

5 . 2 . 5. 1 0  Relati ve  uncertai n ties  of the  absolu te  power 
measurements   

0 , 2  dB   
 

5 . 2 . 6 . 1  Relati ve  uncertai n ties  due  to  mati ng  
reproducib i l i ty  

0 , 1  dB   
(9)  

5 . 2 . 6 . 2  Relati ve  uncertai n ty rel ated  to  the  repeatab i l i ty of 
the  reference  connector mati ng  

0 , 05  dB   
(8)  

5 . 2 . 6 . 3  Relati ve  uncertai n ty rel ated  to  the  PDL of the  
reference  APC connectors  

0 , 01 8  dB  On ly i f APC  
(7)  

5 . 2 . 7 . 1  Relati ve  uncertai n ties  due  to  mati ng  
reproducib i l i ty  

0 , 1  dB   
(9)  

5 . 2 . 7 . 2  Relati ve  uncertai n ty rel ated  to  the  repeatab i l i ty of 
the  reference  connector mati ng  to  cabl i ng  
connectors  

0 , 05  dB   
(8)  

5 . 2 . 7 . 3  Relati ve  uncertai n ty rel ated  to  the  PDL of the  
cabl i ng  APC connectors  

0 , 01 8  dB  On ly i f APC  
(7)  

NOTE  Th is  tabl e  i s  not  val i d  for mu l timode  fi bres  type  A2,  A3  and  A4.  

a)  The  typi cal  va l ue  for 5 . 2 . 5. 1  i s  h i gher than  the  equ ivalent  typ ical  va l ue  i n  I EC  TR 62627-04,  because  the  t ime  
between  P

i n
 and  P

ou t
 measu rements  can  be  l onger.  

b)
 On ly when  us ing  both  PC and  APC connectors.  The  coeffi cien t  shal l  be  equal  to  zero  i f the  same  type  of 

connector i s  used .  See  Tabl es  5  and  6.  
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Annex E  
(informative)  

 
Linear to  dB  scale  conversion  of uncertainties  

E.1  Defin i tion  of decibel  

The decibel  i s  a  submu l tip le  of bel  (1  dB  =  0 , 1  B) .  Th is  un i t  i s  used  to  express  values  of power 
l evel  on  a  l ogari thm ic scale.  The  power level  i s  a lways  re lati ve  to  a  reference power P0 :  

 ( )dBlog1 0
0

1 0/ 0 









×=

P

P
L PP

 (E . 1 )  

where  P  and  P0  are  expressed  i n  the  same l i near un i ts.  

E.2  Conversion  of relative uncertainties  

Sim i lar to  the  previous  defin i tion ,  re lative  uncerta in ties,  Ul i n ,  or re lati ve  deviations,  can  be  

expressed  i n  decibels :  

 ( )%1 0dB 1log1 0 UU +×=  (E . 2)  

Reciprocal l y,  Ul i n  can  be  expressed  i n  %  using :  

 1 0011 0 1 0
%

dB

×
















−=







U

U  (E . 3)  

For smal l  va lues  of Ul i n ,  the  fi rst term  of the  appl icable  Taylor series  can  be  used .  Having :  

 ( ) n

n

n

x
n

x ∑
∞

=

+−
=+

1

11
1ln  and  

)1 0ln(

ln
log1 0

x
x =  (E. 4)  

that  l eads  to:  

 l inl in

1

1

dB
)1 0ln(

1 01

)1 0ln(

1 0
UU

n
U

n

n

n

≈
−

= ∑
∞

=

+
  (E . 5)  

and  two  usefu l  express ions:  

 dBlinl indB 23,034,4 UUUU ×≈⇔×≈  (E . 6)  
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