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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
GUIDANCE FOR THE INTERPRETATION OF OTDR BACKSCATTERING  

TRACES FOR SINGLE-MODE FIBRES  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Com m iss i on  ( I EC)  i s  a  worl dwide  organ i zati on  for  s tandard i zat i on  com pri s i ng  
al l  n ati onal  e l ectrotechn i cal  comm i ttees  ( I EC  Nati onal  Comm i ttees) .  The  object  o f  I EC  i s  to  prom ote  
i n ternati onal  co-operat i on  on  al l  q uest i ons  concern i ng  s tandard i zat i on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  and  i n  add i t i on  to  other  acti vi t i es ,  I EC  publ i shes  I n ternati onal  Standards,  Techn i cal  Speci f i cat i ons,  
Techn i cal  Reports ,  Publ i c l y  Avai l abl e  Speci f i cat i ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cati on (s ) ”) .  Thei r  preparat i on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC Nati onal  Comm i ttee  i n terested  
i n  the  subj ect  deal t  wi th  m ay part i ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governm ental  and  non -
governm ental  organ i zati ons  l i a i s i ng  wi th  the  I EC  al so  part i ci pate  i n  th i s  preparati on .  I EC  co l l aborates  c l osel y 
wi th  the  I n ternati onal  Org an i zati on  for  Standard i zati on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
ag reem ent  between  the  two  organ i zati ons.  

2)  The  form al  deci s i ons  or  ag reem ents  of  I EC  on  techn i cal  m atters  express,  as  nearl y  as  poss ible,  an  i n ternati onal  
consensus  of  opi n i on  on  the  re l evan t  subjects  s i nce  each  techn i cal  com m i ttee  has  represen tati on  f rom  al l  
i n terested  I EC  N ati onal  Com m ittees.   

3 )  I EC  Publ i cat i ons  have  the  form  of  recom m endati ons  for i n ternati onal  u se  and  are  accepted  by  I EC  Nati onal  
Com m i ttees  i n  that  sense.  Whi l e  al l  reasonable  efforts  are  m ade  to  ensu re  that  the  techn i cal  con ten t  of  I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot  be  held  responsi ble  for  the  way i n  wh i ch  they  are  used  or fo r  any 
m i s i n terpretat i on  by any end  u ser.  

4)  I n  order to  prom ote  i n ternati onal  u n i form i ty,  I EC  Nati onal  Com m i ttees  undertake  to  apply I EC Publ i cati ons  
transparentl y  to  the  m axim u m  exten t  poss ible  i n  thei r  nat i onal  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Pu bl i cati on  and  the  correspond i ng  nati onal  or  reg i onal  publ i cat i on  shal l  be  c l earl y i n d i cated  i n  
the  l atter.  

5)  I EC  i tsel f  does  not  provi de  any attestati on  of  con form i ty.  I n dependen t  cert i f i cat i on  bod ies  provide  con form i ty  
assessm ent  servi ces  and ,  i n  som e  areas,  access  to  I EC  m arks  of  con form i ty.  I EC  i s  not  responsi ble  for  any 
servi ces  carri ed  ou t  by i ndependen t  cert i f i cati on  bod i es .  

6)  Al l  u sers  shou ld  ensu re  that  they have  the  l atest  ed i t i 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,  em ployees,  servants  o r  ag ents  i ncl u d i ng  i n d i vi du al  experts  and  
m em bers  of  i ts  techn i cal  com m i ttees  and  I EC  N ati onal  Com m i ttees  for  any  personal  i n j u ry,  property  dam age  or 
o ther dam age  of  any natu re  whatsoever,  whether d i rect  o r  i nd i rect,  or  for  costs  ( i ncl ud i ng  l eg al  fees )  and  
expenses  ari s i ng  ou t  of  the  publ i cati on ,  u se  of,  or  re l i ance  upon ,  th i s  I EC  Publ i cat i on  or  any other I EC  
Publ i cati ons.   

8)  Atten ti on  i s  d rawn  to  the  N orm ati ve  references  ci ted  i n  th i s  publ i cat i on .  Use  of  the  referenced  publ i cati ons  i s  
i nd i spensable  for the  correct  appl i cat i on  of  th i s  publ i cat i on .  

9)  Atten ti on  i s  d rawn  to  the  poss ibi l i ty  that  som e  of  the  e l em ents  of  th i s  I EC  Publ i cati on  m ay be  the  subject  of  
paten t  ri g h ts .  I EC  shal l  not  be  held  responsibl e  for i den ti fyi ng  any or  a l l  such  paten t  ri gh ts .  

The m ain  task of  IEC  techn ical  com m i ttees  i s  to  prepare  I n ternati onal  Standards.  However,  a  
techn ical  comm i ttee  m ay propose  the  publ ication  of  a  Techn ical  Report  when  i t  has  co l lected  
data of  a  d i fferen t  kind  from  that  wh ich  i s  normal ly publ i shed  as  an  I n ternational  Standard,  for  
example  "state  of  the  art" .  

I EC  TR 6231 6,  wh ich  i s  a  Techn ical  Report,  has  been  prepared  by subcomm ittee  86A:  F ibres  
and  cables ,  of  IEC  techn ical  comm i ttee  86:  F ibre  optics .  

Th is  th i rd  ed i t i on  cancels  and  replaces  the  second  ed i t i on  publ i shed  i n  2007.  I t  consti tu tes  a  
techn ical  revis i on .   

Th is  ed i ti on  i ncludes  the  fo l l owing  s i gn i f i can t  techn ical  changes  wi th  respect  to  the  previous  
ed i t ion :  

a)  the  scope  has  been  extended  to  i ncl ude  s ing le-mode  f i bres;  

a)  backscattered  power effects  are  d iscussed  i n  case  of  un i d i rectional  trace,  i ncl ud ing   
so-cal l ed  l osers  and  gainers.  

b)  exam ple  of  apparent  spl i ce  l oss  evaluati on  for u n id i recti onal  OTDR measurem ents  has  
been  added:  
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c)  descripti on  of  l aunch  and  tai l  cords  have  been  added;  

d)  f i gu res  have  been  im proved .  

The  text  of  th is  Techn ical  Report  i s  based  on  the  fo l l owing  documen ts:  

Enqu i ry d raft  Report  on  vot i ng  

86A/1 754/DTR  86A/1 768A/RVC  

 

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

Th is  docum ent has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D i recti ves ,  Part  2.  

The  comm ittee  has  decided  that  the  con ten ts  of  th is  docum ent wi l l  rem ain  unchanged  un t i l  the  
stabi l i ty date  i nd icated  on  the  I EC  webs i te  under "h ttp: //webstore. i ec. ch "  i n  the  data re lated  to  
the  speci f ic  docum ent.  At  th is  date,  the  docum ent  wi l l  be   

•  reconfi rm ed,  

•  wi thdrawn ,  

•  replaced  by a revised  ed i ti on ,  or  

•  amended.  

 

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

 

IMPORTANT – The 'colour  inside'  l ogo  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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GUIDANCE FOR THE INTERPRETATION OF OTDR BACKSCATTERING  
TRACES FOR SINGLE-MODE FIBRES 

 
 
 

1  Scope 

IEC 6231 6,  wh ich  i s  a  Techn ical  Report,  aims  to  provide  gu idel i nes  for the  in terpretation  of  
backscattering  traces,  as  obtained  by trad i t i onal  opt ical  t im e  domain  ref lectom eters  (OTDRs)  
– not  i ncl ud ing  po lari zati on  OTDRs  – for s i ng le-mode f ibres .  Also,  backscattered  power 
effects  are  d iscussed  i n  case  of  u n id i recti onal  trace.  

Fu l l  description  of  the  test  measurem ent procedure  can  be  found  in  Annex C  of   
I EC 60793-1 -40:2001 .  

2 Normative references  

There  are  no  normati ve  references  i n  th is  docum ent.  

3 Terms and  defin i tions  

No  terms  and  defi n i t i ons  are  l i s ted  i n  th is  document.  

ISO and  I EC main tain  term inolog ical  databases  for use  i n  standard izat i on  at  the  fo l l owing  
addresses:  

•  I EC  E lectroped ia:  avai lable  at  h ttp: //www. electroped ia.org / 

•  I SO On l ine  browsing  p latform :  avai lable  at  h ttp: //www. iso. org /obp  

4 Backscattering  phenomenon   

4.1  Rayleigh  scattering  

Rayle igh  scatteri ng  or  backscatteri ng  ori g inates  from  f luctuations  i n  the  dens i ty,  and  hence  i n  
the  i ndex  of  refraction ,  o f  the  m aterial  consti tu t i ng  the  wave-gu ide;  optical  f ibres  are  m ade  of  
amorphous  s i l i ca,  and  dens i ty f l uctuations  are  a  consequence  of  the  manufacturing  process.  

4.2  Fresnel  reflections  and  dead  zone  f ibres  

When  a l i gh t  ray reaches  a su rface  at  an  ang le  of  i ncidence  from  the  normal  to  that  surface 
and  that  surface  separates  two  m ed ia of  d i fferen t  i ndex of  refraction ,  part  of  th is  l i g h t  ray i s  
refracted  i n  the  second  m edium  and  part  of  i t  i s  reflected  backward  i n to  the  f i rs t  med ium .  Th is  
i s  the  Fresnel  refl ecti on ,  wh ich  can  be  very h i gh ,  depend ing  on  the  d i fference  i n  the  i ndex of  
refracti on  of  the  two  med ia,  on  the  aspect  of  the  surface,  the  surface  roughness,  the  ang le  of  
i ncidence  and  the  surface  defects.  I n  m ost  s i tuati ons ,  s trong  Fresnel  refl ecti ons  cause  
non- l i neari t i es  at  the  receiver.  These  non- l i neari t i es  can  overload  the  receiver resu l t i ng  i n  
s i gnal  c l ipping ,  pu lse  widen ing ,  tai l i ng ,  and  ghosts.  The  correspond ing  secti on  of  the  optical  
t im e  domain  reflectometer (OTDR)  trace  fo l l owing  the  i n tense  Fresnel  reflecti on  def ines  the  
deadzone.  Th is  particu lar deadzone  shou ld  not  be  confused  wi th  the  m anufacturer’s  
speci f i cation ,  always  def i ned  wi th  a narrow pu lse  and  sm al l  Fresnel  refl ecti on .  The  effect  of  
the  strong  ref lect ion  on  the  deadzone  i s  usual l y resolved  by cl ean ing  the  connector 
respons ible  for the  reflection .  The  so-cal l ed  deadzone  e l im inator (add ing  a l eng th  of  f i bre  after 
a  strong  refl ect i on )  does  not  reduce  the  deadzone  nor the  strong  refl ecti on .  I t  art i f ic ial l y 
moves  the  vi rtual  bu lkhead  connector to  another l ocati on  and  assum es  the  fo l l owing  
connector has  a l ow refl ect i on .  Depending  on  the  type  of  photodetector used  i n  the  receiver,  
the  tai l i ng  due  to  a  strong  refl ecti on  can  be  g reater than  the  f ibre  l eng th  i nserted  between  the  
OTDR and  the  f i bre  under test.  

http://www.electropedia.org/
http://www.iso.org/obp
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5 Measurement  of  the backscattered  power (OTDR)  

5.1  General  

The power backscattered  by an  optical  f i bre  i s  measured  by m eans  of  OTDRs.  They are  
based  on  the  pri nciple  of  send ing  one  pu lse  or typical l y a  train  of  pu lses  from  one  f ibre  end ,  
and  measure  the  power back-ref lected  from  the  f i bre  at  the  sam e end.  I n  OTDR traces,  space  
and  t im e  are  completel y equ ivalen t  th rough  the  re lati on :  
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where   

z   i s  the  d is tance  ( i n  m eters) ;  

t   i s  the  t ime  ( i n  seconds) ;  

c   i s  the  speed  of  l i gh t  i n  vacuum  (299  792  458  m eters/second) ;  

ng  i s  the  g roup  i ndex of  refracti on  (as  a function  of  the  wavelength ) .  

The  g roup index  of  refracti on ,  to  be  suppl i ed  by the  f i bre  manufacturer,  takes  in to  account  the  
wave-gu id ing  propert ies  of  the  f i bre  and  the  d i fferen t  m aterials  used  for  the  c ladd ing  and  the  
core.  I t  also  ad justs  the  speed  of  l i gh t  i n  the  stud ied  material .  The  g roup i ndex  of  refracti on  ng  

i s  re lated  to  the  phase  i ndex n  o r  np  (wh ich  i s  measured  on  a  f i bre  and  i ts  fundam ental  

attr ibu te)  by u si ng  the  fo l l owing  expression :  
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5.2  Representation  of  the backscattered  power 

A poss ible  schem atic  representati on  of  the  OTDR power P(z)  at  waveleng th  λ  backscattered  
by a po in t  z  a l ong  an  opti cal  f i bre  i s :   
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where  

Pi  i s  the  inpu t  OTDR pu lse  power i n to  the  f i bre;  

τw  i s  the  i npu t  OTDR pu lse  wid th  ( i n  seconds) ;  

z   i s  the  d is tance  at  wh ich  the  backscattered  power  i s  generated;  

α   i s  the  attenuation  i n  m–1 .  Mu l t i pl y αdB  by 0 , 00023  to  obtain  α,  and  αdB  i s  the  

attenuation  i n  dB/km  (assum ed  constant  to  s impl i fy the  equati on ) ;  

ω(z)  i s  the  f i bre  m ode  f ie l d  d iameter (MFD)  at  po in t  z;  

C  i s  a  proport ional i ty factor,  wh ich  depends  on  several  parameters  such  as  the  f ibre  
material  or  the  refracti ve  i ndex  value.  For s tep- index  s i ng le-mode f ibre,  th is  factor i s  
expressed  by:  
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where  

c  i s  the  speed  of  l i g h t  i n  vacuum ;  

αs  i s  the  Rayle igh  scatteri ng  coeff ic ient  i n  m –1 ;  
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neff i s  the  effecti ve  refracti ve  i ndex of  the  fundamen tal  mode,  wh ich  i s  a  number 

quanti fying  the  phase  de lay per  un i t  l eng th  i n  a  wave  gu ide,  re lat i ve  to  the  
phase  delay per  u n i t  leng th  i n  vacuum ;  

ng  i s  the  g roup  i ndex of  refracti on .  

Equation  (3)  shows  the  relati on  between  the  backscattered  power,  the  pu lse  wid th ,  the  
attenuation  coeff icient  and  the  MFD.  The  optical  refl ected  power,  as  g i ven  by Equati on  (3) ,  i s  
conventi onal l y represen ted  on  a logari thm ic  g raph :  i t  therefore  appears  as  a ( theoretical l y)  

s traigh t  l i ne,  whose  s lope  i s  the  attenuation  coeffici en t  of  the  f i bre,  α,  as  better explained  i n  
Clause  6  be low.  

Note  that  Equati on  (3)  i s  val i d  for short  pu lse  wid th ,  i . e.  τwα  << 1 ,  wh i ch  appl i es  i n  most  

practical  cases.  

5.3  Noise and  perturbations  

Normal l y,  the  f l uctuati ons  of  f ibre  param eter and  receiver l i neari ty affect  the  backscatter  
traces;  the  trace  can  therefore  appear as  a perturbed  l i ne .  The  l i near s i gnal  decreases  
exponen tial l y – as  from  Equation  (3) ;  over l ong  d is tance,  the  s i gnal  to  no ise  rati o  (SNR)  
decreases  as  a functi on  of  d is tance.  As  the  backscatter  s i gnal  approaches  the  no ise  f l oor,  
non- l i neari t i es  can  appear.  A practical  way to  improve  the  SNR,  also  known  as  dynam ic  
range,  i s  to  i ncrease  averag ing  tim e  or  i ncrease  the  pu lse  width .  

An y event,  such  as  a spl i ce,  connector,  macro-bend,  m icro-bend ,  can  be  detected  by the  
OTDR and  appear as  a  perturbation .  M icro-bends  are  m ore  eviden t  at  l ong  wavelengths  such  
as  1 625  nm ,  far from  the  cu t-off  wavelength  where  the  MFD  i s  l arger  and  the  conf inem ent  of  
l i g h t  i n  the  f ibre  i s  reduced.  

6 Interpretation  of  a  backscattering  trace  

6.1  General  

Figu re  1  shows  a typical  un i d i rectional  OTDR trace  of  an  optical  f i bre  showing  a l oss  A  dB,  
wh ich  can  be  a macrobend  loss  or  spl ice  l oss.  The  reflect ion  at  the  i npu t  face  i s  exaggerated  
for clari ty;  norm al l y i t  i s  reduced  by m eans  of  a  l aunch  cord  wi th  c l ean  connector meeting  
IEC 61 300-3-35.  

 

Key 

OTDR opti cal  t im e  dom ain  refl ectom eter  F refl ected  power l evel  

LC   l aunch  cord   L d i stance  from  OTDR l au nch  cord  ou tpu t  port  

C   cabl i ng  under test  A  m acro  bend  or  spl i ce  l oss  

IEC  

OTDR  
S  C  LC  TC  

L  

A
 

L  (m )  

F  (dB)  
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TC   tai l  cord  S  m acro  bend  or  spl i ce  

 

Figure 1  – Un id i rectional  OTDR trace showing  spl ice  and/or macro  bend  l oss  

6.2  Launch  cord  

The optical  f i bre  wi th i n  the  l aunch  cord  at  the  connecti on  to  the  cabl i ng  under test  shou ld  be  
of  the  sam e type,  i n  terms  of  core  d iam eter and  num erical  aperture,  bu t  not  necessari l y 
bandwidth ,  as  the  optical  f i bre  wi th i n  the  cabl ing  under  test.  

The  leng th  of  the  l aunch  cord  shou ld  be  l onger than  the  dead  zone  created  by the  pu lse  wid th  
se lected  for  a  part icu lar  l eng th  of  f i bre  to  be  measured .  Su ppl iers  of  OTDR equ ipm ent shou ld  
recommend  l eng ths .  I n  add i t ion ,  these  l eng ths  shou ld  be  long  enough  for  a  re l iable  strai gh t  
l i ne  f i t  of  the  backscatter trace  that  fo l lows  the  attenuati on  dead  zone  wi th  standard  connector 
refl ectance.  

6.3  Tai l  cord  

The  optical  f i bre  wi th in  the  receive  or tai l  cord  shou ld  be  of  the  same type,  nom inal  core  
d iameter and  nom inal  num erical  aperture  as  the  optical  f i bre  wi th in  the  cabl ing  under  test.  

The  l eng th  of  the  tai l  cord  shou ld  be  l onger than  the  dead  zone  created  by the  pu lse  wid th  
se lected  for a  part icu lar  l eng th  of  f i bre  to  be  m easured .  

6.4  Unid i rectional  trace  

6.4. 1  General  

The accepted  method  of  determ in ing  the  attenuation  of  i ns tal l ed  l i nks  by OTDR i s  perform ing  
bi -d i recti onal  OTDR measurements 1  and  average  both  these  traces  (see  I EC  60793-1 -40  and  
IEC 61 280-4-2) .  However,  i n  some s i tuati ons,  i t  i s  d i ff icu l t  i n  practice  to  perform  such  
bi -d i recti onal  OTDR m easurem ents,  i n  particu lar f i bre- to- the-home (FTTH)  appl ications.  I n  
those  cases ,  OTDR traces  obtained  by the  processing  of  the  optical  backscattered  l i gh t  
co l lected  from  one  end  on l y of  the  f i bre  can  be  used,  cal led  un id i recti onal  traces.  Such  
un id i recti onal  OTDR traces  m ay be  usefu l  to  qu ickly evaluate  the  optical  con tinu i ty of  a  f i bre  
and  to  estimate  the  l i nk attenuation  coeffici en t,  wh ich  re l i abi l i ty,  however,  can  be  affected  by 
several  effects  (such  as  perturbati on  changes  i n  the  f i bre,  backscatter coeff ic i en t  changes,  
non- l i neari t i es,  and  ghosts) .  

For u n id i recti onal  measu rem ent,  the  fo l lowing  shou ld  be  understood  and  taken  care  of .  

– The  m ain  requ i remen t for  total  s i ng le  m ode  un id i recti onal  attenuation  measurem ents  us i ng  
an  OTDR is  that  the  launch  and  tai l  cords  used  for the  set-up have  the  sam e backscatter  
coeff ici en t.  I n  order to  veri fy th is  h ypothes is ,  the  fo l l owing  test  shou ld  be  perform ed  before  
us ing  an  OTDR for  s ing le  d i rection  measurement every t ime  when  i t  i s  not  sure  the  l aunch  
and  tai l  cords  have  the  sam e backscatter  coeff ic ien t.  

– Launch  cable  test  procedure:  Connect  the  l aunch  and  tai l  cords  together.  Ad just  the  OTDR 
pu lse  width ,  so  that  a  su ffi ci entl y l arge  number of  data poin ts  and  an  appropriate  
s i gnal - to-no ise  rati o  are  obtained .  Determ ine  the  backscatter traces  from  both  f i bre  ends 
wi th  averag ing  OTDR m easurem en ts  from  both  d i recti ons .  

– For each  d i rection  A and  B,  calcu late  the  average  l oss  between  l aunch  and  receive  cords  
LA and  LB.  The  d i fference  between  the  l osses  from  both  d i recti ons  shou ld  be  equal  to  
zero,  g i ven  the  device  and  measurem ent uncertain ties .  Th is  s tep en sures  that  the  
backscatter coeffic ient  of  the  l aunch  and  receive  cords  are  the  same,  al l owing  to  proceed  
wi th  total  attenuati on  m easuremen ts  for  s i ng le  mode  l i nks.  

– For conformance  testi ng  of  l i nks  and  channels ,  an  optical  l i g h t  source  and  power m eter 
are  requ i red .  

___________ 

1  Fu rther d i scuss ions  on  the  sam e subject  can  be  fou nd  i n  Annex C  of  I EC  60793-1 -40:2001 .  
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6.4.2  Slope as  the attenuation  coefficient  of  a  fibre  

Starting  from  Equation  (3)  for  the  backscattered  power,  taking  l ogari thms  on  both  s i des,  one  
obtains  (wi th  decim al  l ogari thm  wri tten  as  “ l g (x) ”) :  

 [ ] z
z

constzP dB
)(

lg1 0.)(lg5 α
ω
λ

−







+=

 (5)  

The  constan t  i n  Equati on  (5)  i ncludes  some numerical  factors  and  the  l ogari thm  of  the  
param eter C:  

 ( ) ( ) ( )[ ]wi lglglg5. τ++= PCconst
 (6)  

Equati on  (5) ,  p l otted  on  a  logari thm ic  scale  as  a  functi on  of  z,  wi l l  appear as  a s trai ght  l i ne  

wi th  s l ope  α  ( taking  properl y i n to  accoun t  the  factor 2) .  

Due  to  the  SNR characterist ics  described  i n  5. 3,  the  evaluati on  of  the  attenuati on  coefficient  
i s  better undertaken  wi th  the  best- f i t  s trai ght  l i ne.  Recal l  that  a  factor of  5  i s  used  i nstead  of  
1 0  to  report  measurem ent traces  on  OTDR equ ipm ent,  as  the  l i g h t  travel s  th rough  the  f i bres  
and  events  under  test  twi ce  (round- trip) .  

6.4.3  Impuri ty and  d iscontinu i ty 

I f  an  impuri ty,  or  any d iscon tinu i ty,  i s  presen t  wi th i n  the  f ibre  ( in  the  MFD reg ion) ,  the  l i gh t  can  
su ffer a  Fresnel  reflect ion  (see  4 . 2)  and  wi l l  appear on  the  OTDR trace  as  a  peak,  the  
ampl i tude  of  wh ich  depends  on  the  s i ze  of  the  d i scon tinu i ty ( i n  som e s i tuations,  the  receiver 
can  saturate) .  I t  i s  possible  to  l ocate  the  pos i t i on  of  the  d iscontinu i ty by Equati on  (1 ) .  A peak 
can  be  detrimen tal  to  l i nk perform ance  when  i ts  backscattered  energ y content  i s  large  enough  

to  i n terfere  wi th  the  source 2) .  The  refl ectance,  as  def ined  and  used  for the  characteri zati on  of  
the  connectors ,  can  be  envisaged  as  the  r i gh t  parameter  to  evaluate  the  peak.  

6.4.4  Pu lse width  

I t  i s  im portant  to  u nderstand  that  the  pu lse  wid th  affects  the  retu rned  energ y and  hence  the  
dynam ic range.  The  wider  the  pu lse,  the  h igher  the  dynam ic  range  (assum ing  s ignal  

averag ing  i s  constan t) .  However,  the  wider the  pu l se,  the  wider the  deadzone 3) .  

6.4.5  Polarizat ion  effects  

The OTDR includes  a spl i t ter  that  can  act  as  a  po lari zer  on  the  ou tpu t  pu lses  and  an  anal yser  
on  the  receive  s ide  of  the  reflected  pu lses.  Other  e lem ents  can  also  po lari ze  the  l i gh t.  As  a 
resu l t  of  po lari zation  mode  d ispers ion  (PMD)  i n  the  f i bre,  the  Stokes  vector of  po lari zed  l i gh t  
rotates  abou t  the  Poincaré ’s  sphere  as  i t  propagates  th rough  the  f i bre  i n  both  the  forward  and  
refl ected  d i rections .  I t  also  rotates  wi th  optical  frequency or  wavelength .  

I f  the  temporal  OTDR pu lse  width  and/or spectral  width  i s  su ff ic i en tl y broad,  the  OTDR 
receiver yi e l ds  the  average  of  m any Stokes  vectors  and  the  effect  of  varying  po lari zation  
states  i s  not  seen .   I f  these  widths  are  reduced  i n  comparison  to  the  f i bre  PMD,  or  i f  the  f ibre  
PMD  is  l ow enough  com pared  to  these  widths,  fewer Stokes  vectors  are  averaged  and  the  
apparen t  pu lse  magn i tude  can  appear to  vary wi th  pos i t i on  along  the  f ibre  i n  a  r i pple  pattern .  

These  apparen t  ri pples  can  be  reduced  by rapid l y varyi ng  the  po lari zation  of  the  source  or by 
us ing  a  po lari zati on  scrambler  or  o ther  appropriate  devices.  

___________ 

2)  
 Fu rther d i scuss ions  on  the  sam e  subject  can  be  fou nd  i n  Annex C  of  I EC  60793-1 -40:2001 .  

3)
 Fu rther d i scuss ions  on  the  sam e  subject  can  be  fou nd  i n  Annex C  of  I EC  60793-1 -40:2001 .  
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6.5  Bi -d i rectional  trace  

6.5. 1  General  

Bi-d i recti onal  traces  are  obtained  by m aking  measurem ents  from  each  end  of  a  f ibre  then  
combin ing  both  traces  by averag ing  the  resu l ts .  The  OTDR shal l  be  phys ical l y m oved  to  the  
e i ther  end  of  the  f i bre  to  m ake  the  m easurement.  

I f  us ing  a l aunch  and  tai l  cord ,  common l y used  when  measuring  a permanent  l i nk,  on l y the  
OTDR is  m oved  duri ng  the  m easurement.  The  l aunch  and  tai l  cord  do  not  m ove.  

B i -d i recti onal  measurem ents  are  m ostl y used  when  there  are  connectors  and  d i fferent  
secti ons  of  f ibres  i n  the  l i nk.  The  changes  i n  backscatter coeffic ien ts  between  f i bres  are  
comm on  and  necessi tate  b i -d i rectional  test ing .  

Start ing  from  the  express ion  of  the  backscattered  optical  trace  (Equation  (3) ) ,  i t  i s  
straigh tforward  to  calcu late  the  b i -d i rectional  OTDR traces  from  un id i rectional  traces  P1  and  

P2  obtained  from  the  two  ends  of  the  f i bre,  appl yi ng  the  coord inate’s  transform ation  z’  =  L – z  

on  P2  so  that  P3(z)=P2(L – z’ ) ,  (where  L  i s  the  total  f i bre  l eng th ,  and  z  and  z’  i n d icate  the  sam e 

po in t  taken  on  the  two  traces) ,  thus  obtain i ng :  
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Equati ons  (8)  and  (9)  can  be  then  sum med  or  subtracted  s ide-by-s i de,  and  the  resu l ts ,  
respecti ve l y S  and  D,  are:  
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 LzzD dBdB2)( αα −−=  ( 1 1 )  

Equati ons  ( 1 0)  and  ( 1 1 )  show that  the  bi -d i recti onal  approach  al l ows,  i n  pri nciple,  the  
separati on  of  contri bu tions  due  to  variat i ons  of  geom etrical  parameters  of  the  s i ng le-m ode  

f ibre  ( the  MFD ω)  from  con tribu ti ons  due  to  changes  i n  the  attenuati on  coeff i ci ents  (α)  of  the  
f ibre.  Further detai ls  for  the  com putati on  of  S  and  D  can  be  found  i n  6 . 5. 2  and  6. 5. 3  below.  

6.5.2  Attenuation  un i formity4  

6.5.2.1  General  

Attenuati on  un i form i ty i s  based  on  the  bi -d i recti onal  backscatteri ng  techn ique.  The  
bi -d i recti onal  back-scatteri ng  trace  can  be  represen ted  as  a functi on ,  y(z) ,  wi th  y  be i ng  the  
trace  ( i n  dB)  and  z  be ing  the  pos i tion  ( i n  km ) .  I t  i s  computed  by revers ing  the  pos i t i on  of  each  
l ocation  of  one  of  the  un i -d i recti onal  traces  and  com puting  the  d i fference  between  the  two  
un i -d i rectional  traces,  d i vi ded  by two,  for  each  pos i t i on .  The  bi -d i rectional  trace  can  be  
deri ved  from  m u l t ip le  measurem ents  or  from  appropriatel y f i l tered  data having  the  same 
effect.  

6.5.2.2  Sl id ing  window 

The un i form i ty param eter,  XA,  i s  def ined  i n  terms  of  the  s l i d i ng  window (SW)  algori thm ,  i n  

wh ich  the  attenuati on  coeffici en t  i s  evaluated  across  a f i xed  sub- leng th ,  SL  (s l i d ing  window 

___________ 

4  The  text  o f  th i s  paragraph  i s  an  extract  from  the  m ore  detai l ed  I EC  TS  62033.  
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wid th )  of  the  f i bre,  i deal l y  s l i d i ng  along  the  f i bre  s tart i ng  from  each  of  a  set  of  pos i t i ons:  z1 ,  z2 ,  

etc.  The  attenuati on  coeffici ent  values  at  those  posi t i ons  can  be  represen ted  as:  

 
SL

SLzyzy
SLzA

)()(
);( ii

i
+−

=
 ( 1 2)  

Al ternati vel y,  the  f i tted  s lope  of  the  trace  at  the  def ined  pos i t i ons  can  be  substi tu ted  for the  
values  of  A(zi;  SL) .  The  un i form i ty param eter  i s  the  d i fference  between  the  m axim um  of  the  

A(zi ,  SL)  values  and  the  average  attenuati on  coeffic ien t  of  the  whole  f ibre,  g i ven  by i ts  

end- to-end  attenuation  coeff ic i en t,  α,  as  determ ined  by an y m ethod  i n  the  I EC  60793-1 -40:  

 α−= ) ];(max[ iA SLzAX
 ( 1 3)  

6.5.2.3  General i sed  sl id ing  window 

The general i sed  s l i d ing  window (GSW)  algori thm  wi l l  provide  coeff ic ients ,  αr,  and  εr  such  that  

for a  def ined  range  of  SL:  

 { }
SL

SLzAMax r
ri ),(

ε
α +=

 ( 1 4)
 

αr i s  a  basel i ne  attenuati on  coeff ic ient  and  εr i s  a  l oss  penal ty param eter that  al l ows  scal ing  

non-un i form i ty wi th  variable  SW l eng ths.  The  GSW parameters  may be  used  to  com pu te  the  
s l id i ng  window maximum  i n  Equation  ( 1 4)  for  a  vari ety of  sub- leng ths,  SL .  

6.5.3  MFD un i formity 

Com bin i ng  the  two  traces  P1  and  P3  i n  the  hal f-sum  S(z)  
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the  MFD as  a function  of  the  pos i t ion ,  ω(z) ,  can  be  eas i l y calcu lated,  i nsert ing  a reference  

f ibre  before  the  f i bre  under test  wi th  a known  MFD,  ω(z0) ,  at  the  pos i t i on  z0,  and  neg lecting  

l ong i tud inal  variations  of  α :  
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6.6  Spl ice  loss  evaluation  

6.6. 1  General  

I t  i s  d i ff i cu l t  to  evaluate  a system  loss  budget  by measuri ng  spl i ce  losses,  s i nce  there  exis t  
several  d i fferen t  approaches  and  som e of  them  can  som etim es  l ead  to  m isunderstand ings.  

One  trad i t i onal  m ethod  for m easuri ng  l i nk l oss  i s  by an  end- to-end  l i gh t  source power meter 
(LSPM)  m easurem en t,  bu t  note  that  th is  method  does  not  provide  fau l t  l ocati on .  For that  type  
of  problem  or  troubleshooti ng ,  the  OTDR plays  an  im portan t  ro le  i n  evaluation  of  system s.  

The  bas ic  backscattering  pri nciple  m akes  the  OTDR very sensi t i ve  to  man y param eters  of  
opt ical  f ibre  wh ich  can  i n fl uence  the  l i gh t  coupl i ng  propert ies  (see  Equati on  (3) ) .  D i fferent  
f ibres  wi l l  i n tri nsical l y capture  more  or l ess  backscattered  l i g h t  resu l t i ng  i n  varyi ng  s i gnal  
l eve ls  back to  the  OTDR.  

"D i fferen t"  here  m eans  d i fferen t  geom etrical  and/or transm iss ion  properti es  and  not  the  
m anufacturi ng  method.  Th is  m eans  that  the  sam e  f ibre  type  can  be  manufactured  by d i f ferent  
technolog ies  and  are  easy to  spl ice  to  each  other,  provided  the  geom etry i s  wel l  con tro l led .  
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6.6.2  Event  measurement  methods  

The  un id i rectional  spl i ce  l oss  i s  usual l y provided  by the  OTDR equ ipmen t i tse l f  thanks  to  
some s ignal  processing  and  even ts  detecti on  al gori thm s.  I n  F i gure  2 ,  an  i deal i zed  OTDR 
trace  i s  i l l us trated  at  the  vic in i ty of  a  spl ice  j o i n t  m ade  between  two  f i bres  A and  B.  The  spl i ce  
l ocation  i s  at  po in t  O.  

 

Figure 2  – Ideal ized  un id i rectional  OTDR traces corresponding  to  
a  non-reflective  spl ice  between  two fibres  

Two m ethods  can  be  employed  to  anal yse  the  traces  and  estimate  the  event  l oss:  l east-
square  m ethod  or two  poin t  methods.  

•  When  us ing  the  l east-square  approxim ation  (LSA)  m ethod ,  the  apparen t  spl ice  l oss  αLSA  

wh ich  i s  reported  on  the  OTDR equ ipm ent  correspond  to  the  vertical  separation  between  
the  l i near attenuation  cu rve  f i tt i ngs  for F ibre  A and  Fibre  B  at  the  spl i ce  l ocation .  On  the  
f i gure,  th is  correspond  to  he igh t  OS.  

•  The  two-po in t  method  consists  i n  m easuri ng  the  vertical  hei ght  of  the  event  between  two  
po in ts  l ocated  j ust  before  and  j ust  after the  even t.  Doing  so,  the  two-poin t  m ethod  i s  
usual l y known  to  be  less  accurate  and  m ore  dependent  on  the  accuracy of  the  pos i t i on i ng  
of  the  po in ts  and  the  OTDR sett ings  (as  the  OTDR curve  cou ld  exh ibi ts  m ore  or l ess  no ise 
and  therefore  i n fl uencing  the  resu l t) .  I n  F i gure  2  above,  the  spl i ce  loss  α2Pt as  per the  

two-poin t  method  wi l l  report  a  spl ice  l oss  correspond ing  to  the  hei gh t  of  the  segm ent  OE.  

I n  that  case,  i t  i s  obvious  that  OS  ≤  OE  so  that:  

 αLSA  ≤  α2Pt  

Wh i le  the  l east-square  m ethod  i s  alm ost  i ndependen t  on  the  OTDR pu lse  wid th ,  so  that  αLSA  

wou ld  be  of  the  sam e magn i tude  whatever the  OTDR sett i ngs,  the  two-po in t  method  i s  on  the  
con trary h i gh l y dependent  on  the  OTDR setti ngs  (and  pos i ti on  of  the  markers)  and  the  

attenuations  of  the  second  f ibre.  The  l onger the  OTDR pu lse  wid th ,  the  h i gher  α2pt.  

Assum ing  short  pu lses  (<  1  µs) ,  i t  i s  possible  to  relate  α2Pt wi th  αLSA  and  τw 
 

 α2Pt -  αLSA  ~ αfibreB  ×τw 
 

Decreas ing  the  OTDR pu lse  wid th  wi l l  reduce  the  d i fference  between  the  bias  for the  two  
methods.  Nevertheless,  to  avoid  possible  m is i n terpretation  i n  the  resu l ts ,  i t  i s  h i gh l y 
recom mended  to  use  the  LSA method  when  evaluati ng  un id i recti onal  spl i ce  l oss.  

I n  the  rest  of  th is  document,  the  apparent  loss  wi l l  be  referred  to  as  being  the  spl ice  loss  
reported  as  per  the  LSA method  at  the  spl ice  pos i ti on .  
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6.6.3  Apparent  l osers  and  gainers  

When  two  f i bres  wi th  d i fferen t  backscatter properti es,  such  as  wi th  d i fferen t  MFD values,  are  
j o i ned  and  measu red  wi th  an  OTDR,  e i ther an  "apparen t  l oss"  or  "apparent  gain "  appears  at  
the  in terface  as  shown  from  Figure  3 .  Th is  i s  a  resu l t  of  the  backscatter coupled  power 
detected  by the  OTDR.  I n  the  case  of  s im i lar f i bres  types  being  sp l i ced  together,  th is  change  
i n  coupled  power can  be  a function  of  the  mode  f ie ld  d iam eters  of  the  f ibres  j o ined .  The  
apparen t  spl i ce  loss  for a  gainer  i s  negati ve  and  pos i t i ve  for  a  l oser.  

 

Figure 3  – OTDR traces for  sim i lar or  d i fferent  f ibre  types  wi th  
d i fferent  MFD and/or d i fferent  backscatter properties  

Figu re  3  shows  the  OTDR traces  for s im i lar or  d i fferen t  f ibre  types  wi th  d i f ferent  MFD  and/or  
d i fferent  backscatter  properties ,  caus ing  an  equal  " l oser"  and  "gainer",  wh ich  – due  to  the  
presence  of  real  l oss  – are  unequal l y shown  i n  the  OTDR trace.  

Th is  comm onl y known  phenom enon  i s  an  artefact  of  the  un id i recti onal  OTDR measurem ent  
and  i s  caused  by the  fact  that  the  OTDR i s  not  d i rectl y m easuri ng  loss  bu t  i s  measuring  
backscatter power,  wh ich  i s  d i fferen t  i f  both  spl iced  f i bres  have  d i fferen t  MFDs  and/or 
d i fferent  backscatter properties .  The  error componen t  of  measured  un id i recti onal  l oss  i s  
governed  by the  fo l l owing  Equati ons  ( 1 7)  and  ( 1 8) :  

 RBSS ∆∆α +=OTDR  ( 1 7)  

where  

∆S   i s  the  d i fference  i n  OTDR backscatter  trace  at  the  spl ice  po in t  due  to  the  actual  
spl i ce  l oss;  

∆RBS  i s  the  re lat i ve  backscatter l i g h t;  

and  
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where  

ω  i s  the  m ode  f i e ld  d iameter;  

αs  i s  the  scatteri ng  coeffici ent;  

neff  i s  the  effecti ve  refracti ve  i ndex of  the  fundam ental  mode,  see  5 . 2 ;  
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ng  i s  the  g roup  refracti ve  i ndex.  

Figu re  4  shows  th is  u n id i recti onal  apparent  l oss/apparen t  gain  (negati ve  l oss)  as  functi on  of  

the  MFD d i fference  between  the  two  (perfectl y al i gned)  spl i ced  f i bres  cons ideri ng  ω1  = 9  µm .  

 

Figure 4  – Loss  i n  un id i rectional  OTDR measurements as  function  of  
the MFD d i fference  between  two spl iced  f ibres  

For exam ple,  when  the  MFDs  of  the  spl iced  f i bres  are  9 , 0  µm  and  9 , 2  µm ,  an  apparen t 
un id i recti onal  l oss/gain  o f  0 , 1  dB  i s  presen t.  Th is  apparent  l oss,  however,  does  not have  an  
effect  on  the  system  loss  budget  and  shou ld  not  be  considered  as  real  spl i ce  l oss.  

MFD d i fferences  do  add  a m in imal  add i t ional  l oss  to  the  total  spl ice  l oss;  th is  add i t ional  l oss  i s  
g i ven  by Equati on  ( 1 9)  and  can  on l y be  measured  by us ing  a  power th rough  techn ique  or 
determ ined  from  a bi -d i recti onal  OTDR m easurem ents.  
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For smal l  d i fferences  between  two  spl i ced  f i bres ’  MFD,  th is  actual  MFD  spl i ce  l oss  can  be  
i gnored  (see  Fi gure  5) .  
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Figure 5  – Theoretical  power through  spl ice  loss due  to   

MFD d i fference (wi th  ω1  =  9µm)  

For example,  for  the  sam e f ibre  type,  when  the  MFD values  of  the  spl i ced  f i bres  are  9 , 0  µm  

and  9, 2  µm ,  the  theoretical  power th rough  spl ice  l oss  due  to  th is  MFD  m ism atch  i s  on l y 
0 , 002  dB.  

Equati on  (20)  shows  each  l oss  con tribu tor to  the  un id i recti onal  OTDR measured  loss,  where  

αothers  i ncl udes  attenuation  due  to  core  to  core  offset,  t i l t,  and  other l oss  mechan isms:  

 αm easured  =  [αothers  +  αMFD  ] spl i ce  l oss  +  αotd r  (20)  

To  a f i rst  approxim ation  and  for MFD  m ismatch  up to  about  1  µm ,  αMFD  can  be  considered  

neg l ig i ble,  so  the  equati on  reduces  to   

 αm easured  =  [αothers ] spl i ce  l oss  +  αotd r  (21 )  

The  m ost  effecti ve  way o f  overcom ing  th is  m easurement  error  i s  by taking  bid i recti onal  OTDR 
m easurements .  Therefore,  the  evaluation  of  a  spl i ce  loss  i s  carried  ou t  accord ing  to  the  
fo l l owing  steps:  

– obtain  the  backscattering  trace  from  the  two  opposi te  s i des  of  the  spl i ced  f i bres;  

– evaluate  the  s tep/gain  G1  and  G2  i n  the  po in t  z0  where  the  spl ice  i s  located ;  

G1  and  G2  are  composed  by a term  (∆w =  αotdr)  depend ing  on  the  MFD  m ismatch  of  the  

two  f ibres,  and  a  term  wh ich  i s  the  proper spl i ce  l oss  (δ  =  [αothers ]spl i ce  l oss ) ;   

– to  extract  the  s ign i f icant  value,  δ ,  compu te  
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Accurate  spl i ce  l oss  measurements  can  on l y be  determ ined  by us ing  l i gh t  source  power metre  
(LSPM)  or  a  b id i recti onal  OTDR m easuremen t method.  Un id i rectional  l oss  i s  conven ien t  bu t  i t  
i s  not  an  accurate  pred ictor  to  the  f inal  spl ice  loss.  I n  the  event  that a  power th rough  or  a  
b id i rectional  l oss  m easurement i s  not  poss ible ,  the  i nstal ler shou ld  re l y on  the  procedure  
fol l owed  to  make  the  spl ice,  the  visual  i nspecti on  of  the  spl i ce  and  the  estimated  spl ice  l oss  
from  the  fus ion  spl icer.  A po in t- to-poin t  power th rough  l oss  val idati on  shou ld  be  m ade at  a  
l ater date  when  access  i s  poss ible.  
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6.6.4  Example  of  apparent  spl i ce  loss evaluation  for  un i -d i rectional  OTDR 
measurements  

Although  bi -d i recti onal  OTDR measurem ents  are  favoured,  i n  some cases  on l y u n id i recti onal  
OTDR m easurem ents  are  poss ible ,  for  example  i n  FTTH  i nstal lati ons,  com bin i ng  B6  
bend- insensi t i ve  f i bres  wi th  B1 . 3  access  f i bres.  The  im pact  of  apparent  gain  or  apparent  l oss  
can  be  m in im ized  by com bin i ng  s ing le-m ode f i bres  wi th  smal l  MFD  d i fferences.  

Th is  i s  exem pl i f i ed  by m eans  of  s i x  d i fferen t  and  popu lar 1  31 0  nm  MFD  d istri bu t ions ,  as  
shown  in  Table  1 ,  wi th  two  com monl y used  d is tribu tions  for B1 . 3  f i bres  (nom inal  9 , 0  µm  and  

9, 2  µm ) ,  and  th ree  B6  f i bres  wi th  nom inal  MFD at  8 , 6  µm  8, 8  µm  and  at  9 , 2  µm ,  ranked  by 
i ncreasing  MFD  d i fference.  

Table  1  – Summary for six f ibre spl i ce  combinations  of  B1 .3  and  B6  
based  on  popular 1  31 0  nm  MFD fibre d istributions  

Nominal  MFD 1  31 0  nm  and  
tolerance  

B1 .3  B6  Del ta  nom.  MFD 

Case  A  9 , 2  ±  0 , 4  µm  9 , 2  ±  0 , 4  µm  ±  0 , 0  µm  

Case  B  9 , 0  ±  0 , 4  µm  9 , 2  ±  0 , 4  µm  ±  0 , 2  µm  

Case  C  9 , 0  ±  0 , 4  µm  8, 8  ±  0 , 4  µm  ±  0 , 2  µm  

Case  D  9 , 2  ±  0 , 4  µm  8, 8  ±  0 , 4  µm  ±  0 , 4  µm  

Case  E  9 , 0  ±  0 , 4  µm  8, 6  ±  0 , 4  µm  ±  0 , 4  µm  

Case  F  9 , 2  ±  0 , 4  µm  8, 6  ±  0 , 4  µm  ±  0 , 6  µm  

 

Figu re  6  a)  and  Fi gu re  6  b)  show the  cumu lati ve  d istri bu tion  of  the  backscatteri ng  m ismatch  
for the  s ix  g i ven  B1 . 3  and  B6  f i bre  spl i ce  com binations,  shown  i n  Table  1 .  The  measuremen t  
d i rection  of  F igu re  6  a)  i s  from  B6  towards  B1 . 3  f ibre,  and  for F i gu re  6  b)  the  m easurement  
d i rection  i s  from  B1 . 3  towards  B6  f i bre.  Obvious l y,  the  apparent u n i d i recti onal  backscatter  
m ismatch  as  shown  by the  OTDR is  the  sm al lest  when  the  m ed ian  MFD  offset  between  two  
f ibre  categories  i s  the  sm al lest  (as  i n  case  A) .  

 

a)  Mean  spice loss  measured  from  B6  to  B1 .3  fibre  
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b)  Mean  spice  l oss  measured  from  B1 .3  to  B6 fibre  

 

Figure 6  – Apparent  cumulative un id i rectional  backscattering  mismatch  d istribution  for 
six spl ice  combinations  of  B1 .3  and  B6 reported  in  Table  1  

Assum ing  perfect  spl ices ,  the  percentage  of  spl i ces  wi th  apparen t  gain /l oss  i s  i nd icated .  The  
sm al l est  r i sk i s  presen t  when  com bin ing  f ibres  wi th  m ed ian  MFD  as  c lose  as  possible  to  each  
other (here  case  A) .  Choos ing  B1 . 3  and  B6  f i bres  wi th  re lat i ve  smal l  med ian  MFD  d i fferences  
is  another  pragmatic  approach  i n  reducing  the  ri sks  for  un id i recti onal  spl i ce  contro l .  

The  backscattering  d i fference  arisen  from  MFD  m ism atch  accounts  for  most  part  of  the  
apparen t  spl i ce  loss .  

7 Uncertainties,  deviation  and  resolution  

7.1  General  

Attenuation  coeffici ent  measurem ents  and  fau l t  l ocation  wi th  an  OTDR can  be  characterised  
i n  term s  of  uncertain t i es ,  deviat i on  and  resolu t i on ,  general l y defi ned  as  fo l l ows.  

– One  part  of  uncertai n t i es  i s  the  spread  of  values,  resu l ti ng  from  repeated  m easurem ents,  
around  a  target  value;  for  a  l arge  num ber o f  m easuremen ts  fo l l owing  a  Gauss ian  
d istri bu tion ,  i t  i s  the  s tandard  deviat ion  around  the  average.  

– Deviat i on  i nd icates  the  d i fference  between  the  measured  ou tpu t  (or  the  average  for 
m u l t ip le  m easurem ents)  and  the  actual ,  or  accepted ,  or  reference,  value.  Deviat ion  can  be  
corrected  wi th  cal ibration  (see  I EC  61 746-1 ) .  

– Resolu t ion  i s  the  abi l i ty to  separate  f i ne  detai l s  i n  the  m easurement.  

7.2  Attenuation  coefficien t  measurements  

Uncertain t i es  associated  to  the  attenuation  coeffi cien t  measurem ents  wi th  an  OTDR can  be  
affected  by the  durati on  of  the  measurem ent ( i . e.  the  number of  averaged  backscattered  
si gnals)  and  i n  general  by the  amoun t  of  backscattered  power,  i n  tu rn  depend ing  on  the  f i bre  
leng th  and  the  coupl i ng  l oss  (see  also  5. 3) .  Under appropriate  cond i t i ons ,  the  uncertain ti es  of  
a m easured  attenuation  coeffici en t  can  be  as  l ow as  few thousandths  of  dB/km .  

Accuracy of  attenuati on  measurem ents  depends  on  the  cal ibrat ion  status  of  the  equ ipment.  I t  
shou ld  also  be  noted  that  d i fferen t  OTDR can  have  d i fferen t  source  wavelengths,  and  thei r 
measurem ents  wi l l  therefore  be  d i fferen t.  
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Resolu tion  of  attenuati on  coeff ic i en t  measurem ents  can  be  associated  wi th  the  m in imum  
sign i f i cant  decimal  p lace  of  the  measurem ent,  i . e .  1  thousandth  of  dB/km .  

7.3  Fau l t  locations  

A break or impuri ty i n  a  f i bre ,  or  a  coupl i ng  between  two  f i bres,  can  appear i n  the  OTDR trace  
e i ther  as  a  featu re  wi th  h igher refl ect i vi ty,  or  a  h i gher l oss,  or  both .  By m eans  of  the  re lat ion  

between  the  back-and-forth  propagati on  t im e  (τ/2 )  and  the  d istance  (x)  th rough  the  speed  of  
l i gh t  i n  the  f ibre  (v) :  

 v

x
=

2

τ

 (23)  

i t  i s  poss ible  to  i den ti fy the  l ocation  (x)  of  the  defect.  I t  m ust  be  noted  also  that  v =  c/ng  where  

ng  i s  the  effecti ve  g roup  i ndex  of  the  f i bre.  

Deviati on  and  uncertai n ti es  of  a  measured  fau l t  l ocation  can  be  affected  by the  quan ti ty of  
backscattered  power and  by the  uncertai n ti es  re lated  to  the  f ibre  g roup i ndex  wh ich  i s  on l y 
approximatel y known :  however,  for  typi cal  appl i cati ons ,  an  approxim ate  evaluation  of  the  
defect  pos i t i on  i s  acceptable .  

Resolu tion  can  be  considered  as  a  combination  of  the  capaci ty to  detect  a  “sm al l ”  fau l t  and  
the  m in im um  possible  d istance  between  two  detectable  consecu ti ve  defects .  General l y 
speaking ,  a  defect  so  smal l  as  to  be  neg l i g ible  to  the  OTDR wi l l  also  be  neg l ig ib le  to  system  
operati on .  For  two  detectable  consecu ti ve  defects,  more  considerati on  i s  necessary.  

We consider i n  F igure  7  the  schematic  drawing  of  a  f ibre  wi th  two  consecu tive  defects  1  
and  2 :  

 

Figure 7  – Schematic  d rawing  of  a  f ibre  wi th  two  
consecu tive  defects  1  and  2  

The pu lse  du ration  d can  be  expressed ,  i n  the  t ime  co-ord inate,  as  

 v

d
t =Δ

 (24)  

where  

v   i s  the  l i gh t  ve loci ty i n  the  f ibre.  

The  tim e  wh ich  the  l i gh t  takes  to  go  from  1  to  2  i s  

 v

x∆
=τ

 (25)  

I n  order to  make  the  two  defects  detectable ,  the  pu lse  back-refl ected  by the  defect  2  shou ld  

reach  the  OTDR when  the  pu lse  back-refl ected  by the  defect  1 ,  wh i ch  persists  for a  t im e  ∆t,  
has  been  to tal l y received  by the  OTDR;  th i s  cond i t i on  can  be  expressed  as  

 2τ > ∆t  (26)  

IEC  
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The  factor  2  i n  th is  express ion  appears  because  the  i ncom ing  pu lse  shou ld  arri ve  to  the  

second  defect  before  be ing  ref lected  back:  therefore  i t  has  to  cover the  d i stance  ∆x  two  t imes.  
Rem embering  that  v =  x/t,  Equation  (26)  can  be  easi l y trans lated  in  the  fo l l owing  space-
dom ain  relati on :  

 2∆x d>  (27)  

wh ich  i s  i n terpreted  as  " two  consecu ti ve  defects  are  detected  separatel y by an  OTDR i f ,  and  
on l y i f ,  the i r  d istance  i s  l arger than  hal f  the  OTDR pu lse  width ";  for  i nstance,  i n  a  

m easurement us ing  a 1 0  µs  pu lse,  wh ich  covers  a  l eng th  d ∼  2  km 5) ,  two  consecuti ve  defects  
are  separated  on  the  OTDR trace  (ou ts ide  the  deadzone)  i f  thei r  d i s tance  i s  g reater than  (or 
equal  to)  1  km .  

  

___________ 

5)
  Th i s  val u e  com es  from  d  =  ∆t⋅v  =  ∆t⋅ (c/n

g
)  where  c  i s  the  vacu um  l i gh t  speed,  approx.  3  x  1 08  m /s ,  and  n

g
 i s  the  

g roup i n dex of  refracti on  of  the  f i bre,  approxim atel y  1 , 5;  therefore  d  ∼  1 0  x  1 0 -6  ⋅  3  x  1 08  /  1 , 5  =  2  x  1 03  m  =  
2  km .  
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