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FIBRE OPTIC SENSORS –  

 
Part  2-2:  Temperature measurement – Distributed  sensing  

 
FOREWORD 

1 )  The  I n tern ati onal  E l ectrotechn i cal  Commi ss i on  ( I EC)  i s  a  worl dwide  organ i zati on  for  s tandard i zati on  compri s i ng  
al l  nati onal  e l ectrotech n i cal  comm i ttees  ( I EC  Nati onal  Comm i ttees) .  Th e  object  o f  I EC  i s  to  promote  
i n ternati on al  co-operati on  on  al l  questi ons  con cern i n g  s tandard i zati on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  an d  i n  add i t i on  to  o ther  acti vi t i es ,  I EC  pu bl i sh es  I n ternat i onal  Stan dards ,  Techn i cal  Speci fi cati ons,  
Techn i cal  Reports ,  Publ i cl y  Avai l abl e  Speci f i cat i ons  (PAS)  an d  Gu i des  (hereafter  referred  to  as  “ I EC  
Publ i cati on (s) ”) .  The i r  preparati on  i s  en trusted  to  techn i cal  com m i ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  subject  deal t  wi th  may part i ci pate  i n  th i s  preparatory  work.  I n ternati onal ,  g overnmen tal  and  n on -
governm en tal  organ i zat i ons  l i ai s i ng  wi th  the  I EC  al so  parti c i pate  i n  th i s  preparati on .  I EC  co l l aborates  cl ose l y  
wi th  th e  I n ternat i onal  Organ i zati on  fo r  Standard i zat i on  ( I SO)  i n  accordan ce  wi th  cond i t i ons  determ ined  by  
ag reement  between  th e  two  org an i zati ons .  

2 )  Th e  form al  deci s i on s  or  ag reemen ts  o f  I EC  on  techn i cal  m atters  express,  as  n earl y  as  poss ib l e,  an  i n ternati on al  
consensus  o f  opi n i on  on  the  re l evan t  subjects  s i nce  each  techn i cal  comm i ttee  has  represen tati on  from  al l  
i n terested  I EC  N ati onal  Commi ttees.   

3 )  I EC  Publ i cati ons  have  th e  form  of  recommendati ons  for  i n ternati onal  u se  and  are  accepted  by I EC  Nati onal  
Comm i ttees  i n  th at  sense.  Wh i l e  al l  reasonable  e fforts  are  made  to  ensu re  that  the  techn i cal  con ten t  o f  I EC  
Publ i cati ons  i s  accu rate ,  I EC  cann ot  be  hel d  responsi bl e  for  the  way i n  wh i ch  they are  used  or  for  an y 
m i s i n terpretati on  by  any end  u ser.  

4)  I n  order  to  prom ote  i n ternati on al  u n i form i ty,  I EC  N ati on al  Commi ttees  un dertake  to  appl y  I EC  Publ i cati ons  
transparen tl y  to  the  maximum  exten t  possi bl e  i n  thei r  nat i onal  and  reg i onal  publ i cati ons .  An y d i verg ence  
between  any I EC  Publ i cati on  and  the  correspon d i ng  nati on al  o r  reg i onal  publ i cat i on  sh al l  be  cl earl y  i nd i cated  i n  
the  l atter.  

5)  I EC  i tsel f  does  not  provi de  any attestat i on  o f  con form i ty.  I n dependen t  cert i f i cat i on  bod ies  provi de  con form i ty  
assessmen t  servi ces  an d ,  i n  some  areas,  access  to  I EC  marks  of  con form i ty.  I EC  i s  not  responsi bl e  for  any  
servi ces  carri ed  ou t  by  i n dependen t  certi f i cati on  bod i es .  

6)  Al l  u sers  shou ld  ensu re  th at  they h ave  the  l atest  ed i t i on  o f  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,  servan ts  or  agen ts  i ncl ud i ng  i nd i vi du al  experts  and  
mem bers  of  i ts  techn i cal  comm i ttees  and  I EC  Nati onal  Comm i ttees  for  any personal  i n j u ry,  property  damage  or  
o ther  damage  o f  any natu re  whatsoever,  wh ether d i rect  or  i nd i rect,  o r  fo r  costs  ( i ncl ud i ng  l eg al  fees)  and  
expenses  ari s i ng  ou t  o f  the  pu bl i cati on ,  u se  o f,  o r  re l i ance  u pon ,  th i s  I EC  Publ i cati on  or  any o th er  I EC  
Pu bl i cati ons .   

8 )  Atten t i on  i s  d rawn  to  the  N orm ati ve  references  ci ted  i n  th i s  publ i cat i on .  U se  o f  the  referenced  publ i cati ons  i s  
i nd i spensable  for  the  correct  appl i cati on  o f  th i s  publ i cati on .  

9 )  Atten ti on  i s  d rawn  to  th e  poss ib i l i ty  that  som e  of  the  e l emen ts  o f  th i s  I EC  Publ i cati on  may be  th e  subj ect  o f  
paten t  ri g h ts .  I EC  sh al l  not  be  he l d  responsi bl e  for  i den ti fyi ng  any or  a l l  such  paten t  ri g h ts .  

I n ternational  Standard  IEC  61 757-2-2  has  been  prepared  by subcommi ttee  SC  86C:  Fibre  
optic  systems  and  acti ve  devices  of  IEC  techn ical  commi ttee  86:  Fibre  opti cs.  

The  text  o f  th i s  s tandard  i s  based  on  the  fo l l owing  documents:  

CDV Report  on  vo ti ng  

86C/1 323/CDV 86C/1 354/RVC 

 
Fu l l  i n formation  on  the  voti ng  for  the  approval  o f  th i s  s tandard  can  be  found  i n  the  report  on  
voting  i nd icated  i n  the  above  table.  

Th is  publ i cation  has  been  drafted  i n  accordance  wi th  the  ISO/IEC  Di recti ves,  Part  2 .  

A l i s t  o f  al l  parts  i n  the  IEC  61 757  series,  publ i shed  under the  general  t i t le  Fibre optic 
sensors,  can  be  found  on  the  IEC  websi te.  
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Th is  I n ternational  Standard  i s  to  be  used  i n  con junction  wi th  I EC  61 757-1 :201 2.  

The  commi ttee  has  decided  that  the  con ten ts  of  th i s  publ i cati on  wi l l  remain  unchanged  un ti 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 fi c  publ ication .  At  th is  date,  the  publ ication  wi l l  be   

•  recon fi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or  

•  amended .  

A bi l i ngual  version  of  th is  publ icati on  may be  i ssued  at  a  later  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  
understanding  of  i ts  contents.  Users  shou ld  therefore  print  th is  document  using  a  
colour printer.  
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INTRODUCTION  

I t  has  been  decided  to  restructu re  the  I EC  61 757 series  wi th  the  fo l l owing  l og ic.  From  now on ,  
the  sub-parts  wi l l  be  renumbered  as  I EC  61 757-M-T where  M denotes  the  measure  and  T the  
technology.  

The  existi ng  part  I EC  61 757-1 :201 2  wi l l  be  renumbered  as  IEC  61 757  when  i t  wi l l  be  revised  
and  wi l l  serve  as  an  umbrel la  document  over the  en ti re  series.  
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FIBRE OPTIC SENSORS –  
 

Part  2-2:  Temperature measurement – Distributed  sensing   
 
 
 

1  Scope 

Th is  part  of  I EC  61 757 defines  detai l  speci fi cations  for d istribu ted  temperatu re  measurement  
by a  f ibre  opti c  sensor,  al so  known  as  fi bre  optic  d i stribu ted  temperatu re  sensing  (DTS) .  DTS 
i ncludes  the  use  of  Raman  scattering ,  Bri l l ou in  scatteri ng  and  Rayle igh  scatteri ng  effects.  I n  
add i ti on ,  Raman  scattering  and  Rayle igh  scattering  based  measurements  are  performed  wi th  
a  s ing le-ended  f ibre  con fi gu ration  on ly.  Bri l l ou in  scattering  based  measurements  are  
performed  wi th  a  s ing le-ended  fi bre  or  f ibre  l oop con figu ration .  The  techn ique  accessible  from  
both  s ides  at  same  time  (e.  g .  Bri l l ou in  optical  t ime  domain  analysis ,  BOTDA)  i s  referred  to  
here  as  a  l oop  con figuration .  Generic  speci fi cations  for  fi bre  opti c  sensors  are  defined  i n  
IEC  61 757-1 :201 2.  

Th is  part  o f  IEC  61 757  speci fi es  the  most  importan t  DTS performance  parameters  and  defines  
the  procedures  for  thei r  determination .  I n  add i tion  to  the  g roup  of  performance  parameters,  a  
l i s t  o f  add i ti onal  parameters  has  been  defined  to  support  the  defi n i t ion  of  the  measurement 
speci fi cations  and  thei r  associated  test  procedures.  The  defin i ti ons  of  these  add i ti onal  
parameters  are  provided  for  i n formational  pu rposes  and  shou ld  be  i ncluded  wi th  the  sets  of  
performance  parameters.  

A general  test  setup  i s  defined  i n  wh ich  al l  parameters  can  be  gathered  th rough  a  set  o f  tests.  
The  speci fi c  tests  are  described  wi th in  the  clause  for  each  measurement  parameter.  Th is  
general  test  setup i s  depicted  and  described  i n  Clause  4  along  wi th  a  l i s t  of  general  
i n formation  that  shou ld  be  documented  based  upon  the  speci fi c  DTS i nstrument  and  test  
setup  used  to  measure  these  parameters  as  per  I EC  61 757-2-2.  

Annex A provides  a  b lank performance  parameter table  wh ich  shou ld  be  used  to  record  the  
performance  parameter values  for  a  g i ven  DTS i nstrument and  chosen  opti cal  test  setup 
con fi guration .  

Annex B  provides  gu idel ines  for  opti onal  determ ination  of  poin t  defect  effects.  

2  Normative references 

The  fo l l owing  documents,  i n  whole  or  i n  part,  are  normati vely referenced  i n  th is  document  and  
are  i nd ispensable  for  i ts  appl i cation .  For dated  references,  on ly  the  ed i ti on  ci ted  appl i es.  For 
undated  references,  the  l atest  ed i t ion  of  the  referenced  document  ( i nclud ing  any 
amendments)  appl ies.  

I EC  60050  (al l  parts) ,  International Electrotechnical Vocabulary (avai lable  at  
h ttp: //www.electroped ia.org )  

I EC  61 757-1 :201 2,  Fibre optic sensors – Part 1: Generic specification  

I EC  TR  61 931 ,  Fibre optic – Terminology 

I SO/IEC  Gu ide  99,  International vocabulary of metrology – Basic and general concepts and 
associated terms (VIM) 

http://www.electropedia.org/
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3  Terms and  defin i tions  

For the  pu rposes  of  th is  document,  the  defi n i t i ons  g i ven  i n  I EC  61 757-1 :201 2,  I EC  60050,  
IEC  TR  61 931 ,  ISO/IEC Gu ide  99  (VIM) ,  as  wel l  as  the  fo l l owing  apply.  

3.1   
attenuation  range 
total  cumu lated  optical  l oss  (one  way l oss)  to lerated  by the  DTS system  wi thou t  affecting  the  
speci fied  measurement performance  more  than  a  g i ven  factor  at  a  g i ven  l ocation ,  spatial  
resolu tion ,  and  measurement  t ime  

Note  1  to  en try:  Part  o f  th e  to tal  cumu lati ve  l oss  can  be  the  f i bre  attenuat i on ,  po i n t  defect  l osses  i n troduced  by  
componen ts  such  as  connectors ,  spl i ces ,  ki nk i n  the  f i bre ,  attenuators.  

Note  2  to  en try:  Th e  atten uati on  range  i s  expressed  i n  decibe l s  (dB) .  

3.2   
d istance measurement  range 
maximum  d istance   from  the  DTS i nstrument ou tpu t  connector along  the  f ibre  opti c  sensor 
wi th in  wh ich  the  i nstrument  measures  a  temperatu re  wi th  speci fi ed  measurement  performance  
under defined  cond i t ions  

Note  1  to  en try:  Th i s  supporti ng  parameter i s  c l ose l y  re l ated  to  the  atten uati on  range  of  the  i ns trumen t.  I n  test  
cases  u sed  to  prove  or  veri fy  the  reported  speci fi cat i on s,  the  to tal  f i bre  l eng th  sh al l  be  equ al  to  o r  g reater  than  the  
speci f i ed  d i s tan ce  measu remen t  range.  

Note  2  to  en try:  The  d i s tance  measu remen t  range  i s  expressed  i n  l eng th  u n i ts  (m  or  km ) .  

3.3   
envi ronmental  temperature repeatabi l i ty 
d i fference  of  the  measured  constan t  f i bre  opti c  sensor temperature  at  a  speci fied  i nstrument  
temperatu re  (e .  g .  nominal  operati ng  temperatu re)  before  and  after  temperatu re  cycl i ng  of  the  
i nstrument  across  the  en ti re  i nstrument  operating  temperatu re  range  

Note  1  to  en try:  Th i s  parameter i s  deri ved  from  envi ron mental  temperatu re  s tabi l i ty.  

3.4   
envi ronmental  temperature stabi l i ty 
d i fference  of  the  measured  constan t  f i bre  optic  sensor temperature  before,  du ring  and  after 
temperatu re  cycl ing  of  the  DTS  i nstrument  across  the  en ti re  i nstrument  operating  temperatu re  
range  

Note  1  to  en try:  Worst  case  envi ronmental  tem peratu re  e ffect,  h i g h /l ow envi ronmen tal  temperatu re  e ffect,  and  
envi ronmen tal  temperatu re  repeatabi l i ty  are  deri ved  from  th i s  defi n i t i on .  

3.5   
h igh /low environmental  temperature  effect  
d i fference  of  the  measured  constan t  f ibre  optic  sensor temperatu re  at  the  h i gh  and  low 
temperatu re  l im i t  o f  the  i nstrument  temperatu re  operating  range  

Note  1  to  en try:  Th i s  parameter i s  deri ved  from  envi ron mental  temperatu re  s tabi l i ty.  

3.6   
hot  spot  

l eng th  of fibre  optic sensor (∆L)  wh ich  i s  exposed  by a  measurable  temperature  change  (∆T)  
wh ich  i s  s i gn i fi can tl y  b i gger than  the  i nstrument  temperatu re  repeatabi l i ty  and  wh ich  i s  
con fi rmed  by reference  temperatu re  devices  i n  the  two  thermal  chambers.  

Note  1  to  en try:  See  C l ause  4  an d  Fi gu re  7 .  
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3.7  

L 

location  
optical  d i stance  (speci fied  i n  l eng th  un i ts)  from  the  DTS instrument  ou tpu t  connector to  a  
desi red  temperatu re  sample  poin t  along  the  f ibre  opti c  sensor 

Note  1  to  en try:  The  fu rthest  l ocat i on  from  DTS  i nstrumen t  ou tpu t  con nector  for  the  parti cu l ar  test  i s  quan ti f i ed  as  
Z m  an d  i s  o ften  chosen  to  be  th e  same  as  the  d i s tance  measu rement  rang e  for  pu rposes  of  compari ng  the  
measu rem ent  resu l ts  wi th  quoted  speci f i cat i ons .  

3.8   
measurement  t ime 
t ime  between  i ndependen t  temperatu re  measurements  when  making  successive  
measurements  on  a  s ing le  f i bre  optic  sensor 

Note  1  to  en try:  Th i s  parameter i ncl udes  acqu i s i t i on  t i me  and  process i ng  t i me  for  m easu red  data.  Th i s  parameter  
i s  se l ectabl e  by  the  user typi cal l y  i n  som e  l i m i ted  fash ion .  Mu l t i pl e  i ndepen den t  tem peratu re  measu rem ents  may be  
averaged  togeth er to  provi de  an  overal l  m easu remen t  t i me.  

Note  2  to  en try:  Equ i val en tl y,  i t  i s  the  t i me  i n terval  between  success i ve  temperatu re  trace  t i mestamps  u nder  these  
cond i t i ons.  

3.9   
point  defect  
l ocal  deviation  of  a  f i bre  opti c  sensor from  i ts  nominal  opti cal  and  mechan ical  properties  
occurring  at  a  s ing le  l ocati on ,  or  over a  l eng th  substan tial l y  l ess  than  the  DTS spatial  
resolu tion  

Note  1  to  en try:  The  def i n i t i on  o f  a  po i n t  defect  encompasses  a  wi de  rang e  o f  s i tuati on s,  wh i ch  m ay produce  
s im i l ar  e ffects  on  the  temperatu re  trace.  Exam ples  i ncl ude  

– a  po i n t  l oss ,  such  as  a  bad  f i bre  spl i ce;  

– a  back re fl ect i on ,  su ch  as  may ari se  from  a  f i bre  connector;  

– a  l ocal i zed  reg i on  o f  h i gh  l oss,  such  as  a  bend  o r  ki nk i n  the  f i bre;  

– a  phys i cal  d i scon ti n u i ty  i n  the  f i bre,  su ch  as  a  spl i ce  between  two  f i bres  o f  d i fferen t  core  d i ameters .  

3.1 0   
point  defect  temperature  offset  
d i fference  between  the  average  values  of  the  temperatu re  sample  poin ts  i n  two  zones  on  the  
temperatu re  trace,  one  each  s ide  of  a  po in t  defect,  where  the  actual  f i bre  opti c  sensor 
temperatu res  are  the  same 

Note  1  to  en try:  The  po i n t  defect  temperatu re  o ffset  may be  pos i t i ve ,  n egati ve  or  zero.  

3.1 1   
sample  spacing  
d istance  between  two  consecu tive  temperatu re  sample  poin ts  i n  a  s ing le  temperatu re  trace  

Note  1  to  en try:  See  Fi gu re  1 .  
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Figure  1  – Example of  a  temperature  trace  wi th  temperature sample  points  

Note  2  to  en try:  Sample  spaci ng  may be  a  user-sel ectabl e  i ns tru men t  parameter.  

Note  3  to  en try:  The  d i s tan ce  measu rem en t  ran ge  i s  expressed  i n  l eng th  un i ts  ( i n  m ) .  

Note  4  to  en try:  I n  case  o f  very  h i g h  spaci n g  resol u t i on ,  the  d i s tance  measu remen t  rang e  can  be  expressed  i n  cm  
or  mm .  

3.1 2   
spatial  resolu tion  
smal lest  l eng th  of  a  temperature-affected  fi bre  opti c  sensor for wh ich  a DTS system  can  
measure  the  reference  temperatu re  of  the  hot  spot  f i bre  cond i t ion  wi th in  the  speci fi ed  
temperatu re  measurement  error  of  the  DTS  system  

3.1 3   
spatial  temperature  uncertainty 
uncertain ty of  l ocation  of  temperatu re  data i n  a  s ing le  temperature  trace  expressed  by twice  
the  standard  deviation  of  a  speci fied  number of  ad jacen t  temperatu re  sample  poin ts,  wi th  the  
fi bre  optic  sensor he ld  at  constan t  temperature  

3.1 4   
temperature  dead  zone 
l im i ted  zone  of  a  temperatu re  trace,  where  the  temperatu re  sample  po in ts  deviate  from  the  
und isturbed  parts  of  the  trace  by a speci fi ed  l im i t  due  to  a  po in t  defect  

3.1 5   
temperature  measurement  error 
maximum  d i fference  between  a  cen tred  and  un i form ly weigh ted  moving  average  of  the  
measured  temperatu re  and  a  reference  temperatu re  for  al l  data poin ts  of  the  fi bre  opti c  
sensor over the  fu l l  operating  temperatu re  range  and  al l  acqu is i ti on  t imes  

Note  1  to  en try:  S i ng l e  val ue  (worst  case)  i s  speci f i ed  i n  temperatu re  u n i ts  (e . g .  ±  0 , 8  °C) .  

Note  2  to  en try:  The  number o f  e l emen ts  u sed  for  the  movi ng  average  i s  defi ned  i n  C l ause  5 .  I n  practi cal  
appl i cati ons ,  o ther  methods  o f  sm ooth i n g  m i gh t  be  appl i cable .  

3.1 6   
temperature  repeatabi l i ty 
precis ion  of  temperatu re  data based  on  repeated  temperatu re  traces  at  a  g i ven  l ocation  
expressed  by twice  the  standard  deviation  of  correspond ing  temperatu re  sample  po in ts  i n  
each  temperature  trace,  wi th  the  fi bre  optic  sensor he ld  at  constan t  temperatu re  

IEC  
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3.1 7  
temperature  sample  point  
measured  temperatu re  value  associated  wi th  a  s i ng le  poin t  at  a  known  l ocation  along  a  f i bre  
opti c  sensor 

Note  1  to  en try:  Due  to  thermodyn am i c  effects ,  the  measu red  val ue  represen ts  the  temperatu re  al ong  a  very  smal l  
sect i on  of  the  f i bre  opti c  sensor  th at  i ncl udes  the  po i n t.  

3.1 8  
temperature  trace 
set  of  temperature  sample  po in ts  d i stribu ted  along  a  f i bre  optic  sensor and  spaced  by the  
sample  spacing  

Note  1  to  en try:  Al l  the  sample  po i n ts  are  associ ated  wi th  a  common  t i me  o f  measu remen t,  o ften  cal l ed  the  trace  
t i mestamp.  Th e  measu red  val ues  represen t  the  temperatu re  du ri n g  a  peri od  that  i ncl u des  th e  t i m estamp.  

Note  2  to  en try:  Al l  the  sample  po i n ts  i n  a  tem peratu re  trace  are  measu red  val ues  produced  by  the  DTS  
i nstrumen t,  and  not  i n terpolated  or  smoothed  val u es  produ ced  by su bsequ en t  processi n g  ou ts i de  the  i n stru men t.  

3.1 9   
Z 
total  f ibre  length  
d istance  from  the  DTS ou tpu t  connector  to  the  fi nal  end  of  the  fi bre  optic  sensor 

Note  1  to  en try:  F i nal  end  o f  the  f i bre  opti c  sensor  can  e i ther  be  a  pu rposefu l l y  cu t  o r  term i nated  en d  of  the  f i bre  
phys i cal l y  far  from  th e  i n s trumen t  ( i n  a  s i ng le-ended  con fi gu rat i on ) ,  o r  the  en d  o f  a  l oop  consi st i ng  o f  a  con nector  
that  i s  conn ected  to  the  same  i nstrumen t  ( i n  a  l oop  con fi gu rati on ) .  

Note  2  to  en try:  Th i s  parameter i s  e i ther  equal  to  or  g reater than  th e  d i s tance  measu remen t.  

Note  3  to  en try:  The  d i s tan ce  measu remen t  range  i s  expressed  i n  l eng th  un i ts  (m  or  km ) .  

3.20   
warm-up t ime 
duration  of  t ime  starti ng  from  the  i n i tiation  of  the  fi rst  temperatu re  measurement un ti l  the  DTS 
i nstrument  compl ies  wi th  speci fied  measurement  speci fi cations  

3.21   
worst  case envi ronmental  temperature effect  
maximum  d i fference  of  the  measured  constan t  f i bre  optic  sensor temperature  at  d i fferent  
l ocations  along  the  sensor du ring  a  complete  temperatu re  cycl i ng  of  the  DTS instrument  
across  the  en ti re  i nstrument  operating  temperatu re  range  

Note  1  to  en try:  Th i s  parameter  i s  deri ved  from  envi ron mental  temperatu re  s tabi l i ty.  

4 General  test  setups for measurement  of  performance parameters 

4.1  General  and  test  setup requ irements 

General  test  setups  for  s i ng le  and  l oop  con figurations  are  schematical l y shown  i n  Figu re  2  
and  Figu re  3  respectively.  Thei r  aim  i s  to  provide  a  common  base  for  determin ing  the  
measurement  speci fi cations  wh i le  at  the  same  t ime  m in im iz ing  complexi ty,  cost,  
recon figuration  requ i rements,  and  test  execu tion  t ime.  
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Figure  2  – General  test  setup:  sing le-ended  

 

Figure 3  – General  test  setup:  loop  configuration  

I nd ividual  evaluation  procedures  may be  performed  wi th  a  mod i fied  type  of  setup  provid ing  
the  requ i red  measurement  cond i ti ons.  I n  th is  case,  a  detai l ed  setup  description  and  
documentation  i s  requ i red .  

The  f i bre  leng ths  A,  B,  C  o f  the  f i bre  coi l s  i n  the  thermal  chambers  at  the  end  of  the  setup  
shal l  be  se lected  based  upon  the  expected  spatial  resolu tion  of  the  DTS system.  The  fi bre  
l eng ths  D  and  W wi th in  and  ou ts ide  the  cen tre  chamber shal l  be  chosen  to  make  the  total  f i bre  
leng th  Z match  the  d istance  measurement  range  of  the  parti cu lar  DTS model  being  tested .  
The  use  of  fi bre  leng th  D,  l ocated  before  and  after a  l ong  leng th  W o f  f i bre  (wh ich  makes  up  
the  total  f i bre  l eng th  Z) ,  provides  a  test  setup  capable  of  accommodating  various  i nstruments  
wi th  d i fferen t  d i stance  measurement  ranges.  Fibre  l eng th  D  shal l  be  equal  to  1 0  % of  the  total  
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f i bre  l eng th  Z.  However,  the  use  of  a  l eng th  of  fi bre  ou ts ide  the  cen tral  chamber i s  optional  – 
al l  f i bre  may be  con tained  wi th i n  the  chamber,  i f  desi red ,  as  s ing le  or  mu l t iple  coi l s .  The  total  
f i bre  leng th  Z i s  equal  to  the  total  l eng th  of  fi bre  from  the  i nstrument connector up  to  the  end  
of  the  spatial  resolu ti on  fi bre  section  represen ted  by fi bre  leng ths  A,  B,  C.  

A symmetric  test  setup  represen ts  the  normal  f i e l d  operation  setup.  Th is  i s  reflected  by the  
test  setup  described  i n  Figu re  3 .  Fibre  leng th  W makes  up  the  total  f i bre  l eng th  Z.  I n  case  of  a  
system  comparison  wi th  a  s ing le-ended  test  setup,  the  l eng th  of  the  normal  spools  shal l  be  

(2  ×  W/2) .  Th is  guaran tees  the  same overal l  attenuation .  I n  al l  o ther cases  the  leng th  of  the  

normal  spools  shal l  be  (2  ×  W) .  

Fusion  spl i ces  shou ld  be  used  for  f i bre  connection  to  m in im ize  add i ti onal  optical  l osses  and  
unwanted  back-reflections.  Low inserti on  l oss  and  back-reflections  shal l  be  accompl i shed  
when  connecting  the  f ibres  by connectors.  

The  f ibres  i n  the  chambers  shal l  be  co i led  i n  such  a  way ( loose  wound)  that  the  f i bre  i s  
completely exposed  by the  surround ing  temperatu re,  and  that  there  i s  no  fi bre  strain .  Normal  
spool  i n  th i s  case  means  a  f ibre  spool  as  del i vered  from  the  f ibre  suppl ier.  

I t  shal l  be  noted  that  the  general  test  setup  provides  a  schematic  d iagram  on ly.  The  real  
implementati on  may d i ffer i n  certain  respects,  such  as  replacing  any of  the  fi bre  con tain ing  
chambers  wi th  l i qu id  f i l l ed  cal ibration  baths  or  replacing  the  double  chamber wi th  an  
al ternati ve  implementation  that  provides  a  l arge  and  sharp  enough  temperatu re  d i fference  
between  the  coi l s  (at  l east  20  °C  occurring  over no  l onger than  50  % of  the  rated  spatial  
resolu tion ) .  

I t  i s  requ i red  that  the  uncertain ty  of  the  reference  temperature  measurement  i s  at  l east  a  
factor of  5  smal ler  than  the  temperature  measurement  error that  i s  be ing  assessed .  Such  
reference  temperature  sensors  are  not  shown  i n  the  setup  d iag rams  bu t  are  requ i red  to  be  
present  and  properly  cal ibrated  wi th in  each  temperatu re  chamber and/or bath .  

Setti ng  requ i rements  on  the  homogenei ty or s tabi l i ty  o f  the  chambers  or  the  sharpness  of  the  
real i zed  temperatu re  step  i s  not  necessary.  Fai l u re  to  real i ze  these  test  setup  qual i ti es  at  a  
su ffi cien t  l evel  wi l l  on ly  produce  measurement  data that  i s  more  conservative  (worse  
performance) .  

The  DTS i nstrument-under- test  shal l  be  cal ibrated  accord ing  to  manufacturer’s  
recommendations  before  perform ing  any measurements.  

4.2  General  requ ired  information  to  be  documented  

The  general  requ i red  i n formation  to  be  documented  i s  as  fo l l ows:  

•  completion  date  of  al l  testing ;  

•  name  of  the  organ izati on  execu ting  the  testi ng ;  

•  test  setup  con fi gu rati on ;  

•  operating  mode  of  the  DTS i nstrument  (s i ng le-ended  or  l oop  con figu rati on  as  shown  i n  
Figures  2  and  3 ,  or  channel (s)  tested  i n  case  of  a  mu l ti -channel  system  using  the  same  
hardware) ;  

•  waveleng th (s)  of  the  l aunched  s ignals  (operating  waveleng th (s) ) ;  

•  manu factu rer,  model ,  and  serial  number of  the  DTS i nstrument;  

•  manu factu rer,  model ,  and  leng th  of  the  fi bre  optic  sensor i n  the  test  setup  ( i ns ide  the  
temperatu re  chamber(s) ) ;  

•  optical  l oss  (one-way i n  dB)  of  the  optical  setup  to  the  end  of  the  sensor (Z m ) ;  

•  waveleng th  used  to  measure  the  l oss  to  end  of  the  sensor (Z m ) ;  
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•  d i stance  measurement  range  of  the  DTS  instrument;  

•  sample  spacing  used  for  al l  measurements;  

•  spatial  resolu tion  setti ng  used  for  al l  measurements;  

•  measurement  t ime  used  du ring  DTS i nstrument  cal ibrati on ;  

•  l eng ths  of  f ibre  co i l s  A,  B,C  and  D  and  spool (s)  W;  

•  n om inal  temperatures  of  both  parts  of  the  double-chambers  i n  °C;  

•  maximum  (hot)  and  m in imum  (cold )  operating  temperatu re  l im i ts  (°C)  of  the  DTS 
i nstrument.  

The  general  requ i red  i n formation  for the  tested  DTS  instrument  and  the  associated  test  setup  
shal l  be  recorded  along  wi th  the  calcu lated  measurement  speci fi cations.  

5  Measurement  procedures for performance parameters  

5.1  Temperature  measurement  error 

5. 1 .1  Test  procedure  and  condi tions 

The  fo l lowing  steps  shal l  be  performed:  

1 )  Use  a  general  test  setup as  shown  i n  C lause  4.  

2)  Make  the  total  fi bre  leng th  Z equal  to  or  g reater than  the  d istance  measurement  range  
quoted  for  the  speci fi c  DTS instrument  to  be  tested .  

3 )  P lace  the  DTS instrument  i n  a  thermal  chamber and  stabi l i ze  i t  at  operating  temperature  

(e.  g .  20  °C  ±  0 , 5  °C) .  G ive  the  i nstrument su ffi cien t  t ime  before  perform ing  the  fo l l owing  
steps  to  reach  thermal  equ i l i brium  wi th  the  envi ronment  i n  accordance  wi th  the  
manu facturer's  recommendations  (start-up  t ime) .  The  operating  temperature  shal l  be  
defi ned  by the  manu factu rer of  the  DTS i nstrument.  

4)  Cal ibrate  the  DTS instrument  accord ing  to  manu facturer's  recommendations  over a  
defi ned  fi bre  temperature  range  that  corresponds  to  the  appl i cation .  The  fi bre  temperature  
range  shal l  be  ag reed  by the  manu factu rer and  the  customer.  

5)  Stabi l i ze  the  temperatu re  wi th in  ±  0 , 5  °C  of  con trol led  f i bre  l eng th (s)  D  at  th ree  
represen tative  temperatu res  T1 ,  T2 ,  T3  wi th i n  the  speci fi ed  temperatu re  range.  The  th ree  
represen tative  temperatu res  shal l  be  agreed  by the  manu factu rer and  the  customer.  

6)  Col lect  20  temperatu re  traces  at  each  of  the  th ree  requ i red  measurement  t imes  (shortest  
t ime  provided  by the  DTS  i nstrument,  recommended  t ime,  and  longest  possible  provided  
by the  DTS i nstrument)  for each  fi bre  temperatu re.  

N OTE  The  same  data  sets  can  be  u sed  for  the  performance  eval uati on  of  spati al  resol u t i on ,  spati al  
temperatu re  uncertai n ty,  and  temperatu re  repeatabi l i ty.  

5.1 .2  Parameter calcu lation  

For calcu lation  of  the  temperature  measurement  error,  the  fo l lowing  steps  shal l  be  performed  
(see  Figu res  4  th rough  5) :  

1 )  Compu te  the  average  of  al l  20  temperatu re  traces  for  each  temperatu re  sample  poin t  over 
the  en ti re  l ocation .  

2)  Calcu late  the  smoothed  average  by computing  a  cen tred  and  un i form ly weigh ted  moving  
average  over 51  of  the  averaged  temperatu re  data (DTS read ings) .  

3 )  Compu te  the  average  error for  each  sample  po in t  by  subtracti ng  the  smoothed  average  
from  the  actual  f i bre  temperatu re  (as  measured  by an  i ndependen t  cal ibrated  reference  
sensor)  over the  en ti re  l ocation .  See  Figu re  5 .  

4)  Calcu late  the  absolu te  average  error by taking  the  absolu te  value  of  each  average  error  
for  each  temperatu re  sample  poin t.  
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5)  The  temperature  measurement  error for  that  set  o f  test  cond i tions  i s  the  maximum  value  
of  al l  absolu te  average  error values  that  correspond  to  measurements  co l lected  from  the  
fi bre  l eng th  that  was  clearl y  i ns ide  the  stabi l i zed  thermal  chamber.  Temperatu re  data of  
f i bre  l eng ths  ou ts ide  the  stabi l i zed  thermal  chamber (e .  g .  end  or  l ead  i n  f i bre  leng ths ,  W 
l eng th  of  f ibre)  shal l  not  be  used  for compu tation  of  the  temperature  measurement  error.  
See  Figu re  6 .  

6)  Repeat  calcu lation  steps  1  th rough  5  for  al l  o ther  sets  of  test  cond i t ions  (a  total  o f  3  
cond i ti ons  exi st  for  each  measurement  t ime) .  

7)  Record  the  test  parameters  and  al l  9  measured  values  for  the  temperatu re  measurement  
error.  

 

Figure  4  – Temperature measurement  error  calcu lation:  step  1  

IEC  
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Figure  5  – Temperature measurement  error calcu lation:  steps  2  through  3  

 

Figure  6  – Temperature measurement  error  calcu lation:  steps  4  through  5  

5.2  Spatial  resolution  

5.2.1  Test  procedure  and  condi tions 

The  fo l lowing  steps  shal l  be  performed:  

IEC  
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1 )  G ive  equ ipment  su ffi cien t  t ime  before  the  test  to  reach  thermal  equ i l i bri um  wi th  the  
envi ronment  i n  accordance  wi th  the  manu facturer's  recommendations.  

2)  Use  a  general  test  setup as  shown  i n  C lause  4.  

3 )  The  hot  spot  f i bre  segment  l eng ths  shal l  be  equal  to  the  fo l l owing :  

a)  The  A  l eng th  shal l  be  l ess  than  the  claimed  DTS instrument  spatial  resolu tion ,  such  
that  no  s ing le  temperature  po in t  wi l l  show the  hot  spot  reference  temperature.  

b)  The  B  l eng th  shal l  be  equal  to  the  claimed  spatial  resolu tion  for  the  DTS i nstrument  

being  tested,  such  that  one  data po in t  shows  a  temperatu re  value  i ncrease  >  90  % of  
the  segment reference  temperatu re.  

c)  The  C  l eng th  shal l  be  g reater than  4  t imes  the  claimed  spatial  resolu tion  for  the  DTS  
i nstrument  being  tested .  

4)  The  sample  spacing  shal l  be  less  than  or  equal  to  one-hal f  the  claimed  spatial  resolu tion .  

5)  Hot  spots  shal l  be  generated  accord ing  to  3 . 6.  

6)  Col lect  performance  data set  as  speci fi ed  i n  5 . 1  us ing  a  measuring  t ime  wh ich  
corresponds  to  the  needs  of  the  appl i cation  (e .  g .  1 0  m in ) .  

5.2.2  Parameter  calcu lation  

For calcu lation  of  the  spatial  resolu tion  (Figu re  7)  the  fo l l owing  steps  shal l  be  performed:  

1 )  Spatial  resolu tion  i s  equal  to  the  B  f i bre  segment l eng th ,  and  i s  val i dated  wi th  th is  test  by  

at  l east  one  data poin t  i n  the  B  segment f i bre  calcu lating  a  temperatu re  >  90  % of  the  hot  
spot  reference  temperatu re  i ncrease  above  the  su rround ing  fibre  temperature.  

2)  The  A  f i bre  segment  shal l  val i date  that  no  data po in ts  show the  hot  spot  reference  
temperatu re.  

3 )  Afterwards,  the  spatial  resolu ti on  leng th ,  the  C  f i bre  hot  spot  segment,  shal l  show al l  data 
poin ts  equal  to  the  hot  spot  reference  temperature  wi th in  the  expected  spatial  temperatu re  
uncertain ty.  

4)  Record  the  B  f i bre  segment  l eng th  as  spatial  resolu tion .  

 

Figure  7  – Spatial  resolution  i l lustration  

5.3  Temperature repeatabi l i ty 

5.3.1  Test  procedure and  condi tions 

The  fo l lowing  steps  shal l  be  performed:  
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1 )  G ive  equ ipment  su ffi cien t  t ime  before  the  test  to  reach  thermal  equ i l i bri um  wi th  the  
envi ronment  i n  accordance  wi th  the  manu facturer's  recommendations.  

2)  Use  a  general  test  setup as  shown  i n  C lause  4.  

3 )  Col lect  performance  data set  as  speci fi ed  i n  5 . 1 .  

4)  Col lect  20  consecu tive  traces  wi th  a  quoted  spatial  resolu ti on  over the  total  f i bre  l eng th  Z 
after the  fibre  temperatu re  i s  s tabi l i zed :  

a)  for  each  measurement  t ime  (shortest  t ime  provided  by the  DTS i nstrument,  
recommended  time,  and  l ongest  possible  provided  by the  DTS  i nstrument) ;  and  

b)  for  th ree  represen tati ve  fi bre  temperatures  (T1 ,  T2 ,  T3)  accord ing  to  the  desi red  
appl i cation .  

5)  The  performance  data set  compri ses  9  data subsets  for  above  speci fied  pai rs  of  
measurement  t ime  and  fi bre  temperatu re.  

6)  Each  subset  i s  used  to  evaluate  the  values  of  temperatu re  repeatabi l i ty  over  l eng th .  

5.3.2  Parameter  calcu lation  

For calcu lati on  of  the  temperatu re  repeatabi l i ty  (Figu re  8)  the  fo l lowing  steps  shal l  be  
performed:  

1 )  Col lect  20  consecu ti ve  traces  for  each  data subset  (e.  g .  traces  for  1 0  m in  measurement  
t ime  at  one  represen tati ve  fi bre  temperature  (T1 ,  T2 ,  T3)  as  shown  i n  Figure  4) .  

2 )  Calcu late  twice  the  standard  deviation  of  temperatu re  for  each  sample  poin t  over t ime  
(20  consecu ti ve  traces) .  P lot  above  calcu lated  values  versus  d istance.  

3 )  Create  a  51 -poin t  cen tred  and  un i form ly weigh ted  moving  average  curve  Si  to  use  to  se lect  
the  reported  d i stance  based  temperatu re  repeatabi l i ty  values  for  each  measurement t ime  
at  each  fibre  temperature.  

4)  Report  the  maximum  temperatu re  repeatabi l i ty  value  of  the  data set  created  i n  s tep  3 .  

 

Figure 8  – Temperature repeatabi l i ty calcu lated  from  Figure 4  
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5)  Repeat  th is  procedure  at  each  measurement  t ime  for  the  remain ing  two  representati ve  
fi bre  temperatu res  (T1 ,  T2 ,  T3) .  

5.3.3  Formulas  

Standard  deviation  i n  5 . 3 . 2 ,  s tep  2  i s  calcu lated  by:  
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Tj(i)   i s  the  col lected  temperatu re  data at  ith  l ocation  of  jth  trace;  

Sx( i)   i s  the  standard  deviati on  for  each  data po in t  ( ith  l ocation  wi th in  a  trace)  over t ime  (N 
consecu tive  traces) ;  

N i s  the  number of  traces  (N =  20) .  

The  temperature  repeatabi l i ty  S  u s ing  the  moving  average  appl ied  on  twice  the  standard  
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where  

S(i)   i s  the  temperature  repeatabi l i ty  at  ith  l ocation .  

5.4  Spatial  temperature  uncertainty 

5.4.1  Test  procedure  and  condi tions 

The  fo l l owing  steps  shal l  be  performed:  

1 )  G ive  equ ipment  su ffi cien t  t ime  before  the  test  to  reach  thermal  equ i l ibri um  wi th  the  
envi ronment i n  accordance  wi th  the  manu facturer's  recommendations.  

2 )  Use  a  general  test  setup  shown  i n  C lause  4.  

3 )  Col lect  20  consecu tive  traces  of  temperatu re  data over total  fi bre  l eng th  Z  set  as  speci fi ed  
i n  5 . 1  after  the  fi bre  temperatu re  has  stabi l i zed :  

a)  for  each  measurement  t ime  (shortest  t ime  provided  by the  DTS instrument,  
recommended  time,  and  l ongest  possible  provided  by the  DTS i nstrument) ;  

b)  for  th ree  representative  fi bre  temperatu res  (T1 ,  T2 ,  T3)  accord ing  to  the  desi red  
appl i cation .  

5.4.2  Parameter calcu lation  

For calcu lation  of  the  spatial  temperatu re  uncertain ty  (Fi gure  9)  the  fo l l owing  steps  shal l  be  
performed:  

1 )  Calcu late  twice  the  standard  deviation  over 51  poin ts  (cen tred  and  un i form ly weigh ted)  of  
co l lected  temperatu re  Tj (i)  for  each  data poin t  o f  a  s ing le  temperatu re  trace.  
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where  

Tj(i)   i s  the  col lected  temperatu re  data at  ith  l ocation  of jth  trace;  

Sj(i)   i s  the  standard  deviation  over 51  poin ts  at  ith  l ocation  of jth  trace;  

n  i s  the  number of  data poin ts  for  calcu lation  (n =  51 ) .  

2)  Calcu late  the  spatial  temperature  uncertain ty  A( i)  by averag ing  2  ×  Sj ( i)  for  N =  20  traces  
co l lected  over t ime  at  ith  l ocation .  
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where  

A(i)  i s  the  spatial  temperatu re  uncertain ty;  

Sj(i)  i s  the  standard  deviati on  over 51  poin ts  at  ith  l ocation  of  jth  trace;  

N i s  the  number of  traces  (N =  20) .  

3 )  Report  the  maximum  spatial  temperature  uncertain ty  value  A(i)  for  the  data set  created  i n  
s tep  2) .  

 

Figure  9  – Spatial  temperature  uncertainty calcu lated  from  Figure  4  

5.5  Environmental  temperature  stabi l i ty 

5.5.1  Test  procedure and  condi tions 

The  fo l l owing  steps  shal l  be  performed:  

1 )  G ive  equ ipment  su ffi cien t  t ime  before  the  test  to  reach  thermal  equ i l ibri um  wi th  the  
envi ronment i n  accordance  wi th  the  manu factu rer's  recommendations.  

2 )  Use  a  general  test  setup  shown  i n  C lause  4.  
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3)  The  fi bre  i s  to  be  held  at  a  constan t  temperatu re  (Tconst  ±  0 , 5  °C)  for  the  en ti re  
envi ronmental  test.  Tconst  shal l  be  agreed  between  manu factu rer and  user.  

4)  P lace  DTS instrument  i n  a  thermal  chamber and  change  the  temperatu re  accord ing  to  the  
envi ronmental  temperatu re  cycle  described  i n  Figu re  1 0 .  Tmi n ,  Tmi d  and  Tmax  shal l  be  
ag reed  between  manu factu rer  and  user.  Each  temperatu re  l evel  shal l  be  held  for  3  h .  
Temperature  changes  shal l  be  performed  wi th  a  rate  of  20  °C/h .  

Step  t ime  
(h )  

Total  t i m e  
(h )  

Temperatu re  
(°C)  

 0  20  

3  3  20  

1  4  0  

3  7  0  

2  9  40  

3  1 2  40  

1  1 3  20  

3  1 6  20  
IEC  

 

 

a)  Temperature  profi l e  table  b)  Temperature  profi l e  g raph  

Figure  1 0  – Environmental  temperature  cycle  (example for  a  DTS instrument   
wi th  an  operating  temperature  range of  0  °C  to  40  °C)  

5)  Col lect  temperatu re  traces  th roughou t  the  envi ronmental  cycle  us ing  a  measurement  t ime  
of  1 0  m in .  

5.5.2  Parameter calcu lation  

For calcu lati on  of  the  envi ronmental  temperatu re  stabi l i ty,  the  fo l l owing  steps  shal l  be  
performed:  

1 )  Calcu late  a 1 01  po in t  moving  average  (cen tred  and  un i form ly weigh ted)  of  the  
temperatu re  sample  poin ts  from  every col lected  temperatu re  trace.  Fron t  and  rear end  i n  
f i bre  l eng th  (1 01  poin ts)  shal l  not  be  used  for compu tation  below.  

2)  Determ ine  the  peak-to-peak variation  i n  moving  average  temperatu res  at  each  d istance  
poin t  o f  the  temperature  stabi l i zed  f i bre  across  al l  temperatu re  traces  taken  du ring  the  
envi ronmental  temperatu re  cycle.  

3 )  The  worst  case  envi ronmental  temperatu re  effect  shal l  be  quoted  and  reported  as  the  
worst  case  peak-to-peak (maximum  – m in imum)  value  calcu lated  i n  the  previous  step.  

4)  Average  the  1 01  poin t  moving  average  temperatures  for  each  temperatu re  sample  poin t  
calcu lated  above  (step  1 )  for  the  last  6  temperatu re  traces  taken  during  each  ho ld  period ,  
i . e .  average  the  last  hou r of  measurements  taken  at  the  ho ld  temperatu res  of  m idd le,  
m in imum,  maximum,  and  m idd le  again  of  the  i nstrument  operating  range.  

5)  Calcu late  and  report  the  d i fference  between  these  values,  co l lected  at  the  maximum  
operati ng  temperatu re  and  the  i n i ti al  m idd le  operating  temperature,  and  take  the  maximum  
d i fference  for  any temperature  sample  po in t  as  the  h i gh  envi ronmental  temperatu re  effect.  

6)  Calcu late  and  report  the  d i fference  between  the  values  i n  s tep  4,  co l lected  at  the  m in imum  
operati ng  temperatu re  and  the  i n i tial  m idd le  operating  temperatu re,  and  take  the  maximum  
d i fference  for  any temperatu re  sample  po in t  as  the  l ow envi ronmental  temperatu re  effect.  

7)  Calcu late  and  report  the  d i fference  between  the  values  i n  s tep 4,  col lected  at  the  i n i t ial  
m idd le  operating  temperature  and  the  f i nal  m idd le  operating  temperature,  and  take  the  
maximum  d i fference  for  any temperatu re  sample  poin t  as  the  envi ronmental  temperature  
repeatabi l i ty.  

F igu re  1 1  g ives  a  better understand ing  of  the  calcu lations  requ i red .  
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Figure  1 1  – Envi ronmental  temperature  stabi l i ty parameter calcu lation  method  

5.6  Warm-up  t ime 

5.6.1  Test  procedure and  condi tions 

The  fo l lowing  steps  shal l  be  performed:  

1 )  Use  a  general  test  setup  shown  i n  Clause  4.  Al l  main  measurement  parameters  shal l  have  
been  previously determ ined .  

2)  The  fi bre  i s  to  be  held  at  a  constan t  temperatu re  (Tconst  ±  0 , 5  °C)  for  the  en ti re  
envi ronmental  test.  The  i nstrument  i s  to  be  con tained  wi th i n  a  chamber set  to  the  nom inal  

operati ng  temperatu re  (Toperat  ±  0 , 5  °C) .  The  i nstrument  shal l  be  powered  off  completely,  
and  shal l  be  al lowed  to  stabi l i ze  wi th in  the  chamber for  at  l east  3  h .  

3 )  After the  3  h  soak,  power on  the  i nstrument  normal l y,  bu t  do  not  i n i ti ate  a  temperature  
measurement.  

4)  Al l ow the  i nstrument  to  wai t  the  start-up  t ime  speci fi ed  by the  manu factu rer for  the  
correspond ing  operating  temperatu res,  then  beg in  the  fi rst  temperatu re  measurement  wi th  
the  measurement  t ime  set  to  30  s ,  and  start  a  t imer.  I f  a  warm-up  t ime  of  l ess  than  1 0  m in  
i s  possible  and  desi red ,  then  a  shorter measurement  t ime  than  30  s  may be  used.  I n  th is  
case,  the  main  measurement  speci fi cations  used  as  th resholds  i n  th is  s tandard  shal l  also  
be  generated  and  reported  i n  the  same  way wi th  the  same shorter measurement  t ime.  

5)  Con ti nue  col l ecting  temperatu re  traces  at  the  30  s  measurement  time.  

6)  Calcu late  the  temperatu re  measurement  error,  the  spatial  temperatu re  uncertain ty,  and  
the  temperatu re  repeatabi l i ty  us ing  the  same methods  as  described  i n  th i s  s tandard  wi th  
the  fo l l owing  exceptions:  

a)  For al l  th ree  of  these  measurement  parameters,  the  l ocation  at  wh ich  they shal l  be  
measured  and  recorded  i s  at  90  % of  the  total  f i bre  l eng th  Z on ly.  

b)  For temperatu re  measurement  error,  no  averag ing  over t ime  shal l  be  performed  – the  
value  i s  calcu lated  from  each  i nd ividual  trace.  

c)  For spatial  temperatu re  uncertain ty,  a  moving  average  of  the  l ast  20  temperatu re  
traces  co l lected  over t ime  shal l  be  used .  

d )  For temperature  repeatabi l i ty,  a  moving  standard  deviation  of  the  l ast  20  temperatu re  
traces  co l lected  over t ime  shal l  be  used .  
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7)  Once  the  measured  values  of  al l  th ree  main  i nstrument parameters  meet or  exceed  the  
claimed  values  for  those  parameters  at  a  30  s  measurement  t ime,  then  the  t imer i s  
s topped  and  the  time  du ration  i s  recorded .  

8)  Record  the  time  duration  as  the  warm-up  t ime  for  the  nom inal  operating  temperatu re.  

9)  Repeat  steps  2  th rough  7,  except  set  the  i n i t ial  temperatu re  of  the  chamber that  con tains  
the  i nstrument  to  the  m in imum  operati ng  temperatu re  Top_mi n .  Do  not  al l ow the  i nstrument 
to  cool  down  at  a  rate  g reater than  20  °C/h .  Record  the  t ime  du ration  as  the  warm-up t ime  
for  the  m in imum  instrument  operating  temperatu re.  

1 0)  Repeat  steps  2  th rough  7,  except  set  the  i n i t ial  temperatu re  of  the  chamber that  con tains  
the  i nstrument  to  the  maximum  operating  temperatu re  Top_max .  Do  not  al low the  
i nstrument  to  warm-up  at  a  rate  g reater than  20  °C/h .  Record  the  t ime  du ration  as  the  
warm-up  t ime  for  the  maximum  instrument operating  temperatu re.  

5.6.2  Parameter calcu lation  

For calcu lation  of  the  warm-up t ime  the  fo l l owing  step  shal l  be  performed:  

•  Use  the  calcu lation  methods  described  for  the  th ree  main  measurement  parameters  wi th  
the  exceptions  described  i n  s tep  6  of  5 . 6 . 1 .  

Fi gure  1 2  demonstrates  the  parameter calcu lation  by means  of  hypotheti cal  resu l ts  from  tests  
where  the  DTS i nstrument  started  at  the  nom inal  operating  temperatu re.  The  reported  value  i s  
determ ined  as  the  l ongest  t ime  for  any of  the  th ree  main  speci fi cation  parameters  to  reach  i ts  
speci fied  value.  

 
a)  Temperature  repeatabi l i ty  

 
b)  Spatial  temperature  uncertain ty  

 
c)  Temperature  measurement  error  

Figure  1 2  – Example i l lustrating  calcu lation  of  warm-up  time 
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Each  po in t  i n  the  g raphs  represents  a  1 0  m in  (20  poin ts  over t ime)  moving  average  or 

2  ×  moving  standard  deviation ,  depend ing  on  the  measurement  speci fi cation .  The  X-axis  
beg ins  at  1 0  m in ,  as  th i s  i s  the  m in imum  time  requ i red  to  gather 20  temperature  traces  at  a  
30  s  measurement t ime.  

The  temperatu re  repeatabi l i ty  (see  Figure  1 2a) )  meets  the  speci fi cation  at  1 5 , 0  m in  (al l  po in ts  
starti ng  at  1 5, 0  m in  are  below the  speci fi cati on  value  of  0 , 8  °C) .  The  spatial  temperatu re  
uncertain ty  (see  Figure  1 2b) )  meets  the  speci fi cati on  at  1 3 ,0  m in  (al l  po in ts  starting  at  
1 3 ,0  m in  are  below the  speci fi cation  value  of  0 , 5  °C) .  The  temperature  measurement  error 
(see  Figure  1 2c) )  meets  the  speci fi cati on  at  1 8 ,0  m in  (al l  poin ts  starti ng  at  1 8 ,0  m in  are  below 
the  speci fi cation  value  of  1 , 0  °C) .  

Si nce  the  longest  t ime  to  meet  al l  th ree  measurement speci fi cations  i s  1 8 ,0  m in ,  th i s  i s  the  
reported  value  for  the  warm-up  t ime  for  the  nom inal  operating  temperatu re.  

5.7 Attenuation  range 

5.7.1  Test  procedure  and  condi tions 

The  attenuation  range  for a  g i ven  waveleng th ,  spatial  resolu tion  and  measurement  t ime  i s  
measured  by evaluating  the  effect  of  add i ti onal  l oss  i n troduced  i n  the  opti cal  system  on  the  
temperatu re  repeatabi l i ty  and/or  spatial  temperatu re  uncertain ty.  The  add i ti onal  l oss  ( typical l y 
created  by a  variable  opti cal  attenuator)  i s  then  added  to  the  total  cumu lati ve  l oss  measured  
at  the  same location  at  90  % of  total  fi bre  l eng th  Z to  compu te  the  attenuation  range.  

I n  the  fo l l owing  test  procedure,  the  attenuation  range  i s  evaluated  wi th  respect  to  the  
temperatu re  repeatabi l i ty  performance,  as  an  example.  The  same procedure  shal l  be  used  to  
evaluate  the  attenuation  range  for  spatial  temperatu re  uncertain ty.  

The  temperature  repeatabi l i ty  i s  measured  us ing  the  general  test  setups  i n  Figu re  2  (s i ng le-
ended)  or  Figu re  3  ( loop con figu ration )  wh i le  the  add i tional  l oss  i s  i n troduced  by means  of  a  
variable  optical  attenuator (VOA) .  The  VOA i s  p laced  ou ts ide  the  two  thermal  chambers  where  
the  DTS  instrument  and  spools  of  f i bre  l eng th  D  are  placed .  I t  i s  connected  to  the  DTS ou tpu t  
f i bre  and  to  the  fi rst  f i bre  spool  o f  l eng th  D.  The  spatial  resolu tion  test  section  i s  opti onal  for  
th is  test.  

The  fi bre  spools  of  l eng th  D  are  main tained  at  a  constan t  temperature  (e .  g .  75  °C  ±  0 , 5  °C) .  
The  add i ti onal  attenuation  i s  g radual l y  i ncreased ,  and  both  the  temperatu re  repeatabi l i ty  and  
spatial  temperatu re  uncertain ty  are  measured  un ti l  the  maximum  acceptable  temperatu re  
repeatabi l i ty  i s  exceeded  at  a  l ocation  at  90  % of  total  f i bre  l eng th  Z.  

The  attenuation  range  reported  value  shal l  correspond  to  the  VOA attenuation  plus  the  
cumu lated  fi bre  and  poin t  defect  l osses  over the  d istance  of  90  % of  total  f i bre  leng th  Z 
(measured  at  the  system  operating  waveleng th ) .  The  attenuation  range  shal l  be  evaluated  for  
a  g i ven  spatial  resolu tion  and  for  a  1 0  m in  acqu is i ti on  t ime.  

The  detai led  procedure  i s  as  fo l lows:  

1 )  Use  a  general  test  setup shown  i n  C lause  4,  bu t  wi th  the  mod i fi cations  as  shown  i n  
Fi gu re  2 .  Preferably  by fusion  spl i cing ,  i nsert  a  VOA in to  the  f ibre  path  between  the  
chamber con tain i ng  the  i nstrument  and  the  chamber con tain ing  the  long  leng th  of  f i bre.  Al l  
main  measurement  speci fi cations  shal l  have  been  previously  determ ined  per the  
procedures  described  i n  th is  document.  

2)  I nsure  that  the  variable  optical  attenuator  i s  set  to  i ts  m in imum  value;  th i s  shou ld  i deal l y 
resu l t  i n  an  i nsertion  loss  of  l ess  than  1 , 0  dB  at  the  operating  waveleng ths  of  the  
i nstrument.  

3 )  The  f ibre  opti c  sensor i s  to  be  held  at  a  constan t  temperatu re  (e .  g .  75  °C  ±  0 , 5  °C)  for  the  
en ti re  test.  The  i nstrument  i s  to  be  con tained  wi th in  a  chamber set  to  the  nom inal  
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operating  temperatu re  (20  °C  ±  0 , 5  °C) .  Al l ow su fficien t  t ime  for  the  i nstrument  to  stabi l i ze  
wi th in  the  chamber (normal l y  3  h ) .  

4)  Col lect  20  temperatu re  traces  at  a  1 0  m in  measurement t ime.  

5)  Calcu late  the  temperature  repeatabi l i ty  and  spatial  temperatu re  uncertain ty  us ing  the  
same  methods  as  described  i n  5 . 3  and  5 .4  for  both  measurements.  

6)  Compare  the  obtained  temperatu re  repeatabi l i ty  wi th  the  maximum  acceptable  
temperatu re  repeatabi l i ty.  

7)  Change  the  VOA setting  i n  order to  i ncrease  the  attenuation  by steps  of  abou t  0 , 5  dB.  

8)  Repeat  steps  4  th rough  7  un ti l  the  calcu lated  temperature  repeatabi l i ty  i s  l arger  than  the  
maximum  acceptable  temperatu re  repeatabi l i ty  at  a  l ocation  at  90  % of  total  f i bre  leng th  Z.  

9 )  D isconnect  the  test  f i bre  and  measure  the  VOA attenuation  preferably  us ing  a  cu t-back 
method .  

5.7.2  Parameter calcu lation  

For calcu lation  and  evaluati on  use  the  calcu lation  i nstructions  described  i n  s teps  1  to  9  o f  
5. 7. 1 .  

Report  the  attenuation  range  values  as  the  sum  of  the  VOA attenuation ,  al l  po in t  
defect/connector  l osses  (exclud ing  that  at  the  i nstrument)  plus  the  fi bre  loss  over the  d istance  
of  90  % of  total  f i bre  l eng th  Z (measured  at  the  system  operating  waveleng th ) .  Also  report  the  
considered  maximum  acceptable  temperatu re  repeatabi l i ty.  
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Annex A 
( in formative)  

 
Measurement  parameter performance table 

For better comparabi l i ty,  Table  A. 1  shou ld  be  used  to  record  the  measured  parameter  values.  
A s im i lar  table  may be  used  to  provide  a  set  o f  quoted  speci fi cations  for  the  same 
measurement  parameters.  

Table  A.1  – B lank measurement  parameter performance table  

Parameter:   
__________________ 

DTS  i nstrument:  
__________________ 

  

M easu rement  t ime  U n i t  Sh ortest  t ime  provi ded  
by  the  DTS  i nstrum en t  

Recommended  t i me  Longest  t i me  poss i bl e  
provi ded  by the  DTS  
i nstrum en t  

F i bre  temperatu re  °C  T1  T2  T3  T1  T2  T3  T1  T2  T3  

Temperatu re  measu remen t  
error  

°C  
         

Temperatu re  repeatabi l i ty  °C           

Spati al  temperatu re  
un certai n ty  

°C  
         

Spati al  resol u ti on  m           

Worst  case  envi ronm en tal  
temperatu re  effect  

°C  
         

Low envi ronmen t  temperatu re  
e ffect  

°C  
         

H i g h  en vi ronmen t  temperatu re  
e ffect  

°C  
         

En vi ronm en tal  temperatu re  
repeatabi l i ty  

°C  
         

At tenu ati on  range  dB           

 

Warm-up  t ime  – n om i nal  sec   

at  a  constan t  f i bre  temperatu re  (T
con st

 ±  0 , 5  °C)  o f:            °C  Warm -up  t ime  –  m i n i mum  sec   

Warm -up  t ime  – m aximum  sec   

 

   Measurement  t ime  used  for  
cal i bration  (m in ) :  

Test  setup  Sing le-ended:  Loop  confi guration :  Waveleng th (s)  of  l aunched  
signal (s)  (nm) :  

DTS  manufacturer:  DTS model /serial  number:  A  co i l  l eng th  (m ) :  

B  co i l  l eng th  (m ) :  

C  co i l  l eng th  (m ) :  

D  co i l  l eng th  (m ) :  

W spool  l eng th  (m ) :  

Fibre  manufacturer:  Fibre  model :  

D istance  measurement  range (m ) :  Sample  spacing  (m ) :  

Total  f i bre  l eng th  Z (m ) :  Opti cal  l oss  at  Z (dB) :  

Spatial  resolu tion  sett ing  (m ) :  Waveleng th  of  l oss  
measurement  (nm) :  

Nominal  temperatures  of  both  
parts  of  the  double-chamber  
(°C) :  

Maximum  i nstrument  operati ng  temperature  
(°C) :  

M in imum  instrument  
operating  temperature  
(°C) :  

Warm-up  t ime  (m i n ) :  

Considered  test  parameters  for  

Warm-up  t ime:  

Temperature  repeatabi l i ty  ( °C) :  

Spatial  temperature  uncertain ty (°C) :  

Temperature  measurement  error  (°C) :  

Attenuation  range:  

Maximum  acceptable  temperature  repeatabi l i ty (°C) :  

Maximum  acceptable  spatial  temperature  uncertain ty (°C) :  
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Al l  d i fferen t  f i bre  manu factu res  and  types  used  i n  any of  the  co i l s  wi th in  the  con fi gu rations  
shou ld  be  i nd ividual l y  i den ti f ied .  I f  a  shorter measurement  t ime  has  been  used  to  speci fy the  
warm-up t ime,  then  the  temperatu re  measurement  error,  spatial  temperatu re  uncertain ty,  and  
temperatu re  repeatabi l i ty  shal l  also  be  reported  on  a  separate  table.  
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Annex B  
( i n formative)   

 
Point  defect  effects 

B.1  General  

Th is  procedure  al l ows  the  effect  of  a  speci fi c  poin t  defect  on  the  measurement performance  of  
a  DTS (and  associated  f i bre)  to  be  measured  i n  a  con trol l ed  way.  For example,  the  po in t  
defect  m igh t  be  a  wet-mate  connector wi th  i ts  own  parti cu lar l evels  of  l oss,  back reflection ,  
and  other properties.  Because  of  the  d i ffi cu l ty  of  creating  a  test  po in t  defect  wh ich  i s  both  
representative  of  real  world  defects,  and  reproducible  between  test  setups,  i t  i s  recommended  
that  the  parameters  measured  by the  fo l lowing  procedure  be  used  on ly  to  compare  the  effects  
of  the  same  poin t  defect  on  d i fferen t  i nstruments.  

For these  reasons,  the  response  to  a  poin t  defect  i s  not  a  recommended  DTS speci fi cati on  
i tem.  

Th is  test  does  not  make  use  of  the  general  test  setup  described  i n  Clause  4.  

B.2  Point  defect  

The  effect  of  a  po in t  defect  on  the  measurement  performance  of  a  DTS i s  characterized  by 
the  fo l l owing  parameters:  

•  The  temperature  dead  zone  caused  by the  poin t  defect.  The  zone  of  temperatu re  
d istu rbance  i s  defined  as  that  l eng th  of  the  temperatu re  trace  where  the  error  on  the  
i nd icated  temperatu re  i s  ou ts ide  the  expected  bounds  for  the  performance  of  the  DTS 
under test  on  und istu rbed  fi bre.  

•  The  temperatu re  offset  caused  by the  po in t  defect.  The  offset  i s  the  d i fference  between  
the  average  i nd icated  temperatu res  along  two  l eng ths  of  the  temperature  trace  
immediately  on  each  s i de  of  the  zone  of  temperatu re  d istu rbance.  

•  The  temperature  measurement  error decrease  caused  by the  po in t  defect.  The  po in t  
defect  may cause  a  decrease  i n  temperatu re  measurement  error,  measured  over a  
speci fied  fi bre  l eng th  each  s ide  of,  bu t  exclud ing  the  zone  of  temperatu re  d istu rbance.  

Th is  procedure  appl i es  to  any type  of  poin t  defect.  

B.3  Test  procedures and  condi tions 

The  fo l lowing  steps  shal l  be  performed :  

1 )  The  po in t  defect  to  be  tested  shal l  be  fusion-spl i ced  between  two  equal  l eng ths  of  f i bre,  
each  of  wh ich  shal l  be  a  m in imum  of  1  km  l ong .  The  two  fibres  shal l  be  loose  wound  or  
wrapped  on  col lapsible  spools,  and  the  poin t  defect  and  both  fi bre  l eng ths  shal l  be  placed  
i n  a  temperatu re-control led  chamber.  The  fi bre  type  and  l eng th ,  a  description  of  the  poin t  
defect,  and  any avai lable  measurements  such  as  i ts  forward  and  return  l osses,  shal l  be  
recorded .  

For a  DTS operating  i n  a  l oop  con figu ration  mode,  both  fibre  ends  are  connected  to  the  
DTS,  so  the  poin t  defect  i s  at  the  cen tre  of  the  loop.  

2)  Con fi gure  the  DTS as  for  normal  operation  wi th  an  und istu rbed  fibre,  i nclud ing  cal i bration  
of  the  fi bre,  i f  th i s  i s  standard  for  normal  operation .  The  DTS shal l  be  con figu red  to  
provide  a  fu l l  temperature  measurement  for  al l  temperature  sample  poin ts  i nclud ing  those  
at  the  l ocation  of  the  poin t  defect.  The  spatial  resolu tion  used  shal l  be  stated .  
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3)  Stabi l i ze  the  test  fi bre,  i nclud ing  the  po in t  defect,  at  a  constan t  temperatu re  (e. g .  

75  °C  ±  0 , 5  °C) .  

4)  Col lect  20  consecu ti ve  temperature  traces  at  measurement  t imes  of  the  shortest  t ime  
provided  by the  DTS  i nstrument  and  of  1 0  m in .  The  fo l l owing  steps  (5  th rough  1 0)  shal l  be  
repeated  for  each  measurement  t ime.  

5)  Calcu late  the  average  temperatu re  along  a  51  po in t  secti on  of  each  averaged  trace,  25  m  
each  s i de  of  the  (nom inal )  l ocation  of  the  poin t  defect  ( these  are  the  poin ts  h i gh l i gh ted  i n  
red  i n  Figure  B. 1 ) :  the  nom inal  l ocation  of  the  po in t  defect  i s  shown  i n  cyan .  The  two  
average  temperatu res  are  shown  i n  b lue  and  g reen .  The  sample  spacing  i n  th i s  example  
i s  0 , 5  m .  

 

Figure  B.1  – Point  defect  measurement  (example)  

6)  Repeat  the  calcu lation  of  the  two  average  temperatu res  for  the  en ti re  set  of  20  traces,  and  
form  the  g rand  average  of  each .  Report  the  d i fference  between  the  two  g rand  averages,  
the  po in t  defect  temperature  offset.  One  poin t  defect  temperatu re  offset  shal l  be  
calcu lated  for  each  measurement  t ime.  

7)  Calcu late  the  standard  deviation  of  the  51  po in ts  i n  each  of  the  two  secti ons.  Repeat  the  
calcu lation  for  the  en ti re  set  o f  20  traces,  and  take  the  average  of  the  20  resu l ts  to  obtain  
the  temperatu re  standard  deviation  σ  o f  each  section .  

8)  For  each  trace,  use  the  two  measured  temperatu re  standard  deviati ons  to  obtain  error 

bounds  at  ±  3σ abou t  the  two  average  temperatu res  on  each  s ide  of  the  nominal  l ocation  
of  the  poin t  defect  ( these  are  shown  as  dashed  l i nes) .  

9)  Calcu late  the  l ocation  of  the  fi rst  sample  poin t  wi th in  ±  25  m  of  the  nom inal  defect  l ocation  
to  l i e  ou ts ide  the  l eft  (g reen)  error bounds,  and  the  locati on  of  the  last  sample  poin t  wi th in  

±  25  m  of  the  nominal  defect  l ocation  to  l i e  ou tside  the  ri gh t  (blue)  error bounds.  Repeat  
the  calcu lation  for  the  en ti re  set  o f  20  traces,  and  calcu late  the  med ian  of  the  20  resu l ts  to  
obtain  the  temperatu re  dead  zone.  One  temperatu re  dead  zone  shal l  be  calcu lated  for  
each  measurement  time.  

1 0)  Use  the  parameter calcu lation  method  from  5. 1  to  calcu late  the  temperatu re  measurement  
error for  the  test  f ibre,  exclud ing  the  25  m  each  s ide  of  the  nom inal  l ocation  of  the  poin t  
defect.  One  temperatu re  measurement  error value  shal l  be  calcu lated  for  each  
measurement  t ime.  

IEC  
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1 1 )  The  test  resu l ts  shal l  be  reported  i nclud ing  the  fo l l owing  i n formation :  

a)  the  type  of  po in t  defect  i n troduced  and  i ts  l ocation ;  as  wel l  as  measurements  of  l oss,  
back-reflection ,  or  other parameters,  i f  avai lable;  

b)  the  measurement  t imes  and  spatial  resolu tion  used ;  

c)  the  measured  temperatu re  dead  zone;  

d )  the  measured  po in t  defect  temperatu re  offset;  

e)  the  measured  temperatu re  measurement  error.  

I f  an  appropriate  basel i ne  exists  ( i . e .  a  measurement  of  temperatu re  measurement  error us ing  
the  same  leng th  and  type  of  fi bre  as  i n  the  poin t  defect  test) ,  the  basel i ne  cal ibrati on  
uncertain ty  shal l  al so  be  reported .  I t  i s  recommended  that  the  basel i ne  temperatu re  
measurement  error  i s  always  reported .  
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