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©  Optical  time-domain  reflectometry  apparatus. 
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©  An  optical  time  domain  reflectometry  (OTDR) 
apparatus  uses  Raman  scattering  light  as  a  light 
source. 

A  light  pulse  having  a  high  intensity  generated 
from  laser  diode  pumped  solid  state  laser  (11)  is 
launched  into  optical  fiber  (12)  from  its  one  end  to 
generate  induced  Raman  scattering.  The  induced 
Raman  scattering  light  emitted  from  the  other  end  of 
optical  fiber  (12)  has  a  wide  spectrum  of 
wavelengths  with  strong  intensity.  Thus  obtained  in- 
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duced  Raman  scattering  light  is  introduced  into  op- 
tical  fiber  under  test  (9)  from  its  one  end.  Subse- 
quently,  the  backward  scattering  light  returning  to 
the  aforementioned  one  end  is  taken  out  by  means 
of  optical  coupler  or  optical  switch  (3)  to  brought  into 
optical  detectors  (5),  which,  in  turn,  detects  the  light 
so  as  to  be  measured  on  the  intensity  of  the  particu- 
lar  wave  components  by  every  period  of  time  by 
means  of  digital  averaging  circuit  (7)  and  computer 
(8). 
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The  present  invention  relates  to  an  optical 
time-domain  reflectometry  apparatus  capable  of 
measuring  characteristics  such  as  optical  losses  at 
every  point  along  the  longitudinal  direction  of  an 
optical  fiber  by  launching  a  light  pulse  into  the 
optical  fiber  from  its  one  end  and  measuring  the 
intensity  of  the  backward  scattering  light  with  the 
passage  of  time. 

In  an  optical  time-domain  reflectometry  (which 
will  be  abbreviated  as  OTDR  hereinafter)  appara- 
tus,  the  loss  distribution  along  the  longitudinal  di- 
rection  of  an  optical  fiber  can  be  acquired  by  the 
following  procedures.  A  light  pulse  generated  from 
a  light  source  is  launched  into  an  optical  fiber 
under  test  from  one  end  thereof  by  means  of  an 
optical  coupler  or  optical  switch.  The  light  scattered 
inside  the  optical  fiber  under  test,  returning  back- 
ward  and  outgoing  from  the  aforementioned  one 
end  (called  as  backward  scattering  light),  is  split 
from  the  incident  light  by  means  of  the  optical 
coupler  or  optical  switch.  The  backward  scattering 
light,  thereafter,  is  lead  to  an  optical  receiver  to  be 
transformed  into  electric  signals,  and  thus  the  in- 
tensity  of  the  backward  scattering  light  is  obtained 
in  correspondence  with  the  passage  of  time.  The 
variations  in  the  intensity  of  the  backward  scatter- 
ing  light  intensity  are  analyzed  with  respect  to  the 
passage  of  time  from  the  time  at  which  the  light 
pulse  is  generated,  in  order  to  obtain  the  loss 
distribution  along  the  longitudinal  direction  of  the 
optical  fiber. 

Since  the  intensity  of  the  Rayleigh  scattering 
light  detected  as  the  backward  scattering  light  is 
weaker  than  one-ten  thousandth  that  of  the  incident 
light,  use  of  a  laser  diode  (will  be  abbreviated  as 
LD  hereinafter)  which  is  compact  and  has  a  high 
intensity  of  light  has  been  made.  For  this  light 
source,  the  LD  devices  respectively  having 
Wavelengths  of  0.85  urn,  1.3  urn,  and  1.55  urn  are 
usually  employed  since  these  have  been  brought 
into  commercial  use  for  communication  equip- 
ments. 

The  conventional  OTDR  apparatus,  however, 
has  a  problem  that  it  is  impossible  to  measure  the 
loss  with  respect  to  arbitrary  wavelengths  in  the 
wide  wavelength  range,  except  at  0.85  urn,  1.3  urn, 
and  1.55  urn.  In  other  word,  an  LD  with  a 
wavelength  except  the  aforementioned  wavelengths 
is  hard  to  use  practically  since  it  is  not  available 
due  to  the  lack  of  production,  or  due  to  extremely 
high  cost. 

For  the  reasons,  it  is  impossible  to  measure 
the  loss  increase  at  a  wavelength  of  1  .38  urn  which 
may  be  arisen  when  the  optical  fiber  includes  im- 
purities  such  as  water  and  the  like.  Accordingly,  it 
is  impossible  to  measure  and  find  whether  or  not 
an  optical  fiber  has  any  locally  increased  loss  by 
being  mixed  with  impurities  in  the  course  of  manu- 

facturing,  and  whether  or  not  an  optical  fiber  has 
any  locally  increased  loss  by  water  breaking 
thereinto  when  the  optical  fiber  installed  is  sub- 
merged.  Consequently  the  conventional  ap- 

5  paratuses  have  a  difficulty  to  evaluate  important 
factors  of  optical  fibers. 

On  the  other  hand,  there  has  been  provided 
another  conventional  method  which  makes  it  possi- 
ble  to  measure  the  loss  characteristic  of  an  optical 

io  fiber  in  the  wavelength  range  except  at  0.85  urn, 
1.3  urn,  and  1.55  urn,  in  such  a  manner  that  by 
leading  light  having  a  certain  wavelength  to  one 
end  of  the  optical  fiber  with  the  help  of  a  white  light 
source  and  spectroscope,  the  output  light  from  the 

75  other  end  is  detected  to  measure  the  total  loss 
along  the  longitudinal  direction  of  the  long  optical 
fiber.  However  with  this  method,  the  measurement 
cannot  be  made  on  the  loss  at  each  point  along  the 
longitudinal  direction  of  the  optical  fiber,  so  that  it 

20  is  impossible  to  measure  the  loss  caused  by  impu- 
rities  existing  locally  along  the  longitudinal  direc- 
tion. 

It  is  therefore  an  object  of  the  present  invention 
to  provide  an  OTDR  apparatus  at  low  cost  which  is 

25  readily  capable  of  conducting  measurement  of  an 
optical  fiber  on  the  loss  characteristic  and  the  like 
at  any  wavelength  within  a  wide  range  of 
wavelengths. 

The  OTDR  apparatus  of  the  present  invention 
30  comprises: 

a  light  source  for  generating  light  pulse; 
an  optical  fiber  for  receiving  the  light  pulse  at 

its  one  end  and  emitting  from  the  other  end  thereof 
wavelength-shifted  light  having  wave  lengths  shift- 

35  ed  from  the  received  light  pulse  under  the  influ- 
ence  of  the  non-linear  optical  effect; 

an  introducing  and  extracting  means  for  in- 
troducing  said  wavelength-shifted  light  into  an  op- 
tical  fiber  under  test  and  extracting  the  backward 

40  scattering  light  emitted  from  the  optical  fiber  under 
test; 

optical  detectors  for  transforming  the  backward 
scattering  light  into  electric  signals;  and 

a  processing  means  for  analyzing  the  detected 
45  signals  from  the  optical  detectors  with  the  passage 

of  time,  to  obtain  the  loss  characteristic  of  the 
optical  fiber  under  test. 

In  the  OTDR  apparatus  of  the  present  inven- 
tion,  a  light  pulse  having  a  high  intensity  is  laun- 

50  ched  into  the  optical  fiber  from  one  end  thereof  for 
generating  induced  Raman  scattering  wavelength- 
shifted  light  to  be  emitted  from  the  other  end 
thereof.  Thus  obtained  induced  Raman  scattering 
light  is  used  as  a  light  source  to  be  incident  to  the 

55  optical  fiber  under  test  from  one  end  thereof.  In  a 
case  where  a  dispersion-shift  fiber  is  employed  as 
the  aforementioned  optical  fiber,  the  induced  Ra- 
man  scattering  light  is  to  comprise  Stokes  light 
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waves  of  first  order,  second,  third,  ...  and  higher 
orders.  On  the  other  hand,  in  a  case  where  a 
lengthy  single  mode  fiber  is  used  as  the  optical 
fiber,  the  light  is  to  have  a  continuous  spectrum  of 
wavelengths  without  any  peak.  In  either  case,  the 
scattering  light  is  to  arise  across  the  wide  range  of 
wavelengths  longer  than  that  of  the  incident  light. 
The  induced  Raman  scattering  light  thus  generated 
has  a  considerable  intensity  and  as  enough  high  an 
intensity  required  for  the  light  source  of  the  OTDR 
apparatus  as  some  tens  hundreds  mili-watts.  Ac- 
cordingly,  use  of  the  induced  Raman  scattering 
light  as  incident  light  to  the  optical  fiber  under  test 
from  one  end  thereof,  makes  it  possible  to  mea- 
sure  the  loss  characteristic  and  the  like  at  arbitrary 
wavelength  within  the  wide  range  of  wavelengths. 
In  addition,  measurements  on  the  wide  range  of 
wavelengths  can  be  made  by  this  apparatus  alone. 
Moreover  the  application  of  the  induced  Raman 
scattering  light  to  this  apparatus  decreases  the  cost 
of  the  apparatus. 

Fig.1  is  a  block  diagram  showing  an  embodi- 
ment  of  an  OTDR  apparatus  according  to  the 
present  invention; 
Fig.2  is  a  graph  plotting  spectral  characteristics; 
Fig.3  is  a  schematic  diagram  showing  a  con- 
struction  example  of  a  spectroscopic  device; 
Fig.4  is  a  block  diagram  showing  another  em- 
bodiment  of  an  OTDR  apparatus  according  to 
the  present  invention; 
Fig.5  is  a  graph  showing  several  kinds  of  light- 
emission  spectra  under  the  influence  of  the  non- 
linear  optical  effect;  and 
Fig.6  is  a  graph  showing  a  characteristics  of 
transmission  loss  caused  by  an  optical  fiber 
under  test. 
As  shown  in  Fig.1,  fiber  Raman  laser  apparatus 

1  includes  laser  diode  (LD)  pumped  solid  state 
laser  device  11,  and  optical  fiber  12  connected 
thereto.  A  light  pulse  generated  by  fiber  Raman 
laser  apparatus  1  is  incident  to  optical  fiber  under 
test  9  through  optical  attenuator  2  and  optical  cou- 
pler  or  optical  switch  3.  As  optical  switch  3,  for 
example,  a  sound  effect  optical  switch  and  the  like 
can  be  used.  The  Rayleigh  backward  scattering 
light  generated  inside  this  optical  fiber  under  test  9 
is  split  by  optical  coupler  or  optical  switch  3  to  be 
introduced  into  spectroscopic  device  4.  In  this  em- 
bodiment,  two  kinds  of  light  waves  having  different 
wavelengths  are  taken  out  from  spectroscopic  de- 
vice  4,  and  respectively  transformed  into  electric 
signals  by  optical  detector  5.  Thus  transformed 
electric  signals  are  amplified  by  amplifier  6  to  be 
inputted  to  digital  averaging  circuit  7,  which  is 
connected  to,  and  interactively  communicates  with, 
computer  8.  Digital  averaging  circuit  7  transmits  a 
trigger  signal  for  generating  a  light  pulse  to  LD 
pumped  solid  state  laser  device  1  1  .  Synchronizing 

with  a  trigger  signal,  digital  averaging  circuit  7 
starts  sampling  of  the  input  signals  and  conducting 
A/D  conversion  to  collect  data  as  to  the  intensity  of 
the  backward  scattering  by  every  unit  time  from 

5  the  time  at  which  the  light  pulse  entered  optical 
fiber  under  test  9.  In  addition,  digital  averaging 
circuit  7  is  adapted  to  take  an  arithmetical  average 
of  the  data  obtained  by  repetition  of  the  light-pulse 
incidences,  to  thereby  improve  the  S/N  ratio.  Thus 

io  obtained  data  are  transmitted  to  computer  8  to  be 
subjected  to  operation  process.  Subsequently, 
computer  8  displays  these  data  on  a  display  device 
(not  shown  in  the  figure),  plotting,  for  example,  data 
magnitudes  in  y-direction  against  data  sampling 

is  times  in  x-direction.  With  such  a  graph  is  to  be 
shown  the  loss  characteristic  at  every  points  along 
the  longitudinal  direction  of  measured  optical  fiber 
9.  When  noise  level  is  low,  the  treatment  of  taking 
an  arithmetical  average  of  data  becomes  unnec- 

20  essary,  and  consequently  the  electric  signals  ob- 
tained  by  optical  detectors  5  can  be  also  observed 
directly  through  an  oscilloscope. 

Next  will  be  an  explanation  on  the  operation  of 
the  OTDR  apparatus  configurated  as  described 

25  above. 
Optical  fiber  12  of  fiber  Raman  laser  apparatus 

I  is  adapted  to  be  provided  with  a  pulse  light 
having  a  higher  output  than  a  threshold  above 
which  induced  Raman  scattering  occurs.  To 

30  achieve  this,  the  output  of  the  light  pulse  should  be 
necessarily  more  than  some  watts,  but  it  is  difficult 
for  the  usual  LD  to  emit  a  light  with  such  a  large 
output  power.  It  is  true  that  a  solid  state  laser 
source  as  well  as  a  gas  laser  source  may  emit  a 

35  high  output  light  pulse,  but  such  apparatuses  are 
bulky  and  need  accessory  systems  such  as  cooling 
system  and  the  like,  thus  resulting  in  impracticality. 
To  overcome  this  difficulty,  solid  state  laser  device 
II  using  LD  excitation  which  has  recently  been 

40  brought  into  commercial  use  is  employed  as  the 
light  source  of  this  embodiment.  This  device  is  one 
in  which  a  flush  lamp  as  a  light  source  for  exciting 
the  conventional  solid  state  laser  is  replaced  with 
an  LD,  has  a  good  efficiency  and  can  be  miniatur- 

45  ized.  As  the  commercially  available  product  of  this 
device,  there  are  known  two  kinds  one  of  which  has 
for  laser  oscillation  a  solid  crystal  consisting  of  Nd- 
doped  YAG  (yttrium  aluminum  garnet;  Y3AI5O12) 
having  an  oscillating  wave  length  of  1.06  urn;  the 

50  other  of  which  has  a  solid  crystal  consisting  of  Nd- 
doped  YLF  (yttrium  lithium  tetra-fluoride;  YLiF+) 
having  an  oscillating  wave  length  of  1.32  urn.  In 
this  embodiment  the  latter  one  is  used  for  LD 
pumped  solid  state  laser  device  1  1  . 

55  When  a  high  output  light  pulse  having  a  light 
intensity  equal  to  a  threshold  or  more  is  incident  to 
optical  fiber  12,  the  induced  Raman  scattering  oc- 
curs.  Generally,  when  light  is  introduced  into  an 
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optical  fiber,  there  occur  a  Rayleigh  scattering  light 
wave  having  the  same  wavelength  with  that  of  the 
incident  light  and  the  Raman  scattering  light  waves 
having  shifted  wavelengths.  The  intensity  of  these 
scattering  light  waves  increase  in  proportion  to  that 
of  the  incident  light  (liner  effect).  However,  when 
the  light  intensity  of  the  incident  light  exceeds  a 
certain  threshold,  there  appears  non-liner  effect, 
that  is,  a  sharp  increase  in  the  light  intensity  of  the 
Raman  scattering  light.  Subsequently,  the  higher 
order  Stokes  light  waves,  which  are  too  faint  to  be 
observed  in  the  linear  region,  become  extremely 
large.  In  contrast,  the  components  of  the  Rayleigh 
light  and  anti-Stokes  light  decrease  largely,  losing 
their  energies. 

Hence,  the  distribution  of  the  induced  Raman 
scattering  light  exhibits  an  aspect  as  shown  by 
dashed  curve  in  Fig.2,  having  first  order,  second, 
third  and  higher  order  Stokes  light  waves  gen- 
erated  on  the  side  of  longer  wavelength  than  that  of 
the  incident  light  as  shown  by  the  solid  curve.  The 
incident  light  has  a  wavelength  of  1.32  urn  as 
stated  above,  and  the  wavelengths  of  the  Stokes 
light  waves  of  the  first  order,  second  order,  third 
order  and  the  fourth  order,  are  respectively  1.403 
urn,  1.495  urn,  1.600  urn  and  1.721  urn.  As  is 
understood  from  Fig.2,  this  induced  Raman  scatter- 
ing  light  has  and  therefore  can  provide  in  the  wide 
range  of  wavelengths  as  high  intensity  required  for 
the  OTDR  apparatus  as  more  than  some  hundreds 
mili-watts.  Also  as  is  apparent  from  the  dashed 
curve  in  Fig.2,  the  intensity  of  the  light  is  consider- 
ably  high  in  wavelengths  around  the  troughs  need- 
less  to  say  in  wavelengths  around  the  peaks.  With 
regard  to  an  optical  fiber,  since  the  incident  light  is 
confined  within  the  narrow  space  inside  the  core  of 
the  optical  fiber,  the  threshold  at  which  the  induced 
Raman  scattering  becomes  dominant  is  rather  low, 
specifically  some  tens  watts  for  multi-mode  optical 
fibers  and  some  watts  for  single-mode  optical  fi- 
bers.  The  shifts  for  Stroke  light  waves  of  respective 
orders  are  determined  depending  on  constituent 
molecules  of  the  optical  fiber  such  as  Si-0  and  the 
like. 

The  light  having  a  wide  range  of  wavelengths 
generated  in  fiber  Raman  laser  apparatus  1  is 
provided  into  optical  fiber  9  under  test  via  at- 
tenuator  2  and  optical  coupler  or  optical  switch  3. 
Here,  attenuator  2  is  used  for  regulating  the  inten- 
sity  of  incident  light  lower  than  the  threshold  in 
order  to  prevent  the  induced  Raman  scattering 
from  arising  inside  optical  fiber  under  test  9. 

Spectroscopic  device  4  is  composed  of,  for 
example  a  diffraction  grating,  an  optical  filter  film 
having  dielectric  multi-layers  or  the  like.  In  a  case 
of  a  diffraction  grating  being  used,  advantages  as 
follows  can  be  obtained: 

(a)  a  high  insertion  loss, 

(b)  capability  of  narrowing  the  range  of 
wavelengths  of  transmitted  light, 
(c)  freely  setting  up  the  range  of  wavelengths  of 
transmitted  light  by  adjusting  positions  of  the  slit 

5  and  the  optical  fiber  on  the  light  receiving  side, 
and 
(d)  feasibility  of  setting  up  a  plurality  of 
wavelengths  for  transmitted  light  waves  at  the 
same  time  by  arranging  a  plurality  of  slits  and 

io  optical  fibers  on  the  light  receiving  side.  On  the 
other  hand,  when  an  optical  filter  film  is  em- 
ployed,  the  insertion  loss  is  low,  so  that  it  is 
impossible  to  make  markedly  narrow  the  range 
of  wavelengths  of  the  transmitting  light,  but  the 

is  structure  is  simple  so  that  the  device  can  be 
miniaturized. 

In  this  embodiment,  spectroscopic  device  4  is 
structured  with  diffraction  grating  41  as  shown  in 
Fig.3.  This  diffraction  grating  41  receives  light  hav- 

20  ing  passed  through  optical  fiber  43  and  lens  44, 
and  diffracts  light  to  the  receiving  side.  On  the 
receiving  side,  two  slits  42  are  disposed  to  extract 
light  waves  from  the  light  coming  from  diffraction 
grating  41.  Thus  extracted  light  waves  are  intro- 

25  duced  using  respective  optical  fibers  43  via  respec- 
tive  lenses  44.  This  arrangement  makes  it  possible 
to  pick  up  and  transmit  two  kinds  of  light  waves 
having  different  wavelengths.  By  setting  up,  for 
example,  at  1  .38  urn  one  wavelength  of  the  trans- 

30  mitted  light,  whereas  the  other  at  any  other 
wavelength,  it  is  possible  to  detect  the  presence  of 
impurity  of  water  component,  and  at  the  same 
time,  to  measure  the  loss  characteristic,  with  re- 
spect  to  every  point  along  longitudinal  direction  of 

35  optical  fiber  under  test  9. 
In  the  embodiment  described  above,  the  in- 

duced  Raman  scattering  light  having  a  wide  range 
of  wavelengths  emitted  from  optical  fiber  12  of  fiber 
Raman  laser  apparatus  1  is  incident  to  optical  fiber 

40  9  under  test,  which  in  turn  radiates  Rayleigh  scat- 
tering  light  having  a  wide  range  of  wavelengths. 
Thus  obtained  backward  scattering  light  is  split  by 
optical  coupler  or  optical  switch  3  to  be  introduced 
to  spectroscopic  device  4.  Then  spectroscopic  de- 

45  vice  4  takes  out  particular  narrowed  ranges  of 
wavelengths  of  the  backward  scattering  light  to  be 
desired  to  measure. 

However,  it  is  possible  to  construct  an  appara- 
tus  in  which  the  light  emitted  from  optical  fiber  12 

50  of  fiber  Raman  laser  apparatus  1  is  attenuated  by 
optical  attenuator  2  to  directly  to  be  subjected  to 
spectroscopic  device  14.  This  spectroscopic  device 
14  extracts  particular  narrowed  ranges  of 
wavelengths  to  be  desired  to  measure  from  the 

55  induced  Raman  scattering  light  emitted  from  op- 
tical  fiber  12  having  a  wide  range  of  wavelengths. 
Thus  extracted  light  is  introduced  to  optical  fiber 
under  test  9,  which,  in  turn,  radiates  Rayleigh  scat- 

4 
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tering  light  having  the  particular  narrowed  ranges  of 
wavelengths.  Thus  obtained  backward  scattering 
light  is  split  by  optical  coupler  or  optical  witch  3  to 
be  introduced  to  optical  detector  5. 

As  discussed  heretofore,  the  OTDR  apparatus 
of  the  present  embodiment  makes  it  possible  to 
measure  the  loss  of  an  optical  fiber  on  the  range  of 
wavelengths  in  which  the  measurement  used  to  be 
difficult,  with  a  simple  method  at  low  cost.  More- 
over,  it  is  possible  for  this  apparatus  alone  to 
perform  the  measurement  on  the  wide  range  of 
wavelengths. 

Next  will  be  described  another  embodiment  of 
the  present  invention.  In  the  embodiment  described 
above,  a  dispersion-shift  fiber  is  employed  as  op- 
tical  fiber  12,  which  produces  under  the  influence 
of  the  non-linear  optical  effect  the  induced  Raman 
scattering  light  having  peaks  of  the  first  order 
Stokes  light  wave,  the  second  order  Stokes  light 
wave,  etc.  (refer  to  Fig.2).  Thus  generated  induced 
Raman  scattering  light  is  taken  out  and  introduced 
into  optical  fiber  under  test  9.  However,  when  a 
single  mode  fiber  is  employed  as  the  optical  fiber 
12,  scattering  light  having  a  continuous  spectrum  of 
wavelength  can  be  obtained  due  to  its  non-linear 
optical  effect. 

Fig.5  shows  several  kinds  of  light-emission 
spectra  under  the  influence  of  the  non-linear  optical 
effect,  taking  as  abscissa  the  wavelength  of  light 
emitted  from  optical  fiber  12,  with  taking  light  inten- 
sity  (with  arbitrary  unit)  as  ordinate.  In  the  figure, 
plot  L1  shows  the  spectrum  of  the  light-emission 
when  a  dispersion  shift  fiber  (of  50  m  long)  is  used, 
plot  L2  shows  the  spectrum  when  a  single  mode 
fiber  (of  50  m  long)  is  used,  and  plot  L3  shows  the 
spectrum  when  a  single  mode  fiber  (of  5  m  long)  is 
used.  Here,  the  incident  light  is  a  light  pulse  having 
a  wavelength  of  1  .32  urn  and  a  peak  output  power 
of  about  100  watts  with  30  ns  in  its  pulse  width.  In 
the  case  of  the  dispersion  shift  fiber  as  shown  by 
plot  L1  ,  a  peak  of  the  first  order  Stroke  light  due  to 
the  induced  Raman  scattering  is  observed.  Even 
though  a  single  mode  fiber  is  used,  in  the  case 
where  the  fiber  is  not  longer  than  10  m,  there 
exists,  as  shown  by  plot  L3,  a  peak  to  be  consid- 
ered  as  an  induced  Raman  scattering.  On  the  con- 
trary,  in  the  case  where  a  single  mode  fiber  having 
a  length  of  50  m  is  employed  as  the  case  of  plot 
L3,  with  respect  to  the  emitted  light,  no  peak  are 
observed,  but  an  even  or  flat  light-emission  spec- 
trum  is  observed  ranging  from  1.34  to  1.7  urn  in 
wavelength.  Here,  the  emitted  light  has  an  intensity 
of  several  tens  watts  or  more. 

Thus,  a  lengthy  single  mode  fiber  produces 
light  having  a  continuous  spectrum  of  wavelengths 
ranging  from  1.34  to  1.7  urn,  so  that  use  of  an 
optical  fiber  of  this  kind  make  it  possible  to  con- 
struct  an  OTDR  apparatus  in  which  wavelength  is 

variable.  For  example,  light  emitted  from  this  non- 
linear  optical  fiber  12  and  having  a  continuous 
spectrum  of  wavelengths  ranging  from  1.34  to  1.7 
urn,  was  made  to  pass  through  a  diffraction  grating 

5  to  obtain  light  waves  each  having  a  wavelength 
width  of  5  nm.  Thus  obtained  light  was  introduced 
into  optical  fiber  under  test  9,  and  the  transmission 
loss  was  calculated  from  the  backward  scattering 
light.  Fig.6  shows  a  characteristic  of  transmission 

io  loss  caused  by  an  optical  fiber  under  test,  taking  as 
abscissa  the  wavelength  of  incident  light  into  op- 
tical  fiber  under  test  9,  with  taking  the  transmission 
loss  as  ordinate.  As  apparent  form  Fig.6,  there  is 
an  absorption  at  the  wave  length  of  1.38  urn,  and 

is  the  loss  is  minimized  in  the  wavelength  band  of 
1.55  urn,  whereas  the  loss  increases  with  the 
wavelengths  of  1  .65  urn  or  more. 

Claims 
20 

1.  An  OTDR  apparatus  characterized  by  compris- 
ing: 

a  light  source  (11)  for  generating  a  light 
pulse; 

25  an  optical  fiber  (12)  having  a  first  end  and 
a  second  end  for  receiving  said  light  pulse  at 
the  first  end  and  emitting  from  the  other  end 
thereof  wavelength-shifted  light  having 
wavelengths  shifted  from  said  received  light 

30  pulse  under  the  influence  of  the  non-linear 
optical  effect; 

an  introducing  and  extracting  means  (3)  for 
introducing  said  wavelength-shifted  light  into 
an  optical  fiber  under  test  (9)  and  extracting 

35  the  backward  scattering  light  emitted  from  said 
optical  fiber  under  test  (9); 

optical  detectors  (5)  for  transforming  said 
backward  scattering  light  into  electric  signals; 
and 

40  a  processing  means  (6,7,8)  for  analyzing 
detected  signal  from  said  optical  detectors  with 
the  passage  of  time,  to  obtain  a  loss  char- 
acteristic  of  said  optical  fiber  under  test. 

45  2.  An  OTDR  apparatus  according  to  claim  1, 
characterized  in  that  said  optical  fiber  (12)  is 
made  of  a  dispersion-shift  optical  fiber,  and 
said  wavelength-shifted  light  is  made  of 
Strokes  light  waves  having  peaks. 

50 
3.  An  OTDR  apparatus  according  to  claim  1, 

characterized  in  that  said  optical  fiber  (12)  is 
made  of  a  single  mode  optical  fiber,  and  said 
wavelength-shifted  light  has  a  continuous  spec- 

55  trum  of  wavelengths. 

4.  An  OTDR  apparatus  according  to  any  one  of 
claims  1  to  3,  characterized  in  that  said  light 

5 
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source  is  a  solid  state  laser  device  (11)  which 
excites  a  laser  beam  by  a  laser  diode. 

5.  An  OTDR  apparatus  according  to  any  one  of 
claims  1  to  4,  characterized  in  that  said  in-  5 
traducing  and  extracting  means  includes  an 
optical  coupler  or  optical  switch  (3)  which  intro- 
duces  said  wavelength-shifted  light  into  said 
optical  fiber  under  test  (9),  and  splits  said 
backward  scattering  light  emitted  from  said  10 
optical  fiber  under  test  (9)  to  be  introduced  to 
said  optical  detectors  (5). 

6.  An  OTDR  apparatus  according  to  one  of 
claims  1  to  5,  characterized  in  that  said  in-  is 
traducing  and  extracting  means  includes  a  first 
spectroscopic  device  (4)  which  separates  said 
backward  scattering  light  into  its  spectral  com- 
ponents  and  extracts  light  waves  having  pre- 
determined  wavelengths  to  be  introduced  to  20 
said  optical  detectors  (5). 

7.  An  OTDR  apparatus  according  to  one  of 
claims  1  to  5,  characterized  in  that  said  in- 
troducing  and  extracting  means  includes  a  25 
second  spectroscopic  device  (14)  which  sepa- 
rates  said  wavelength-shifted  light  into  its 
spectral  components  and  extracts  light  waves 
having  predetermined  wavelengths  to  be  intro- 
duced  to  said  optical  coupler  or  optical  switch  30 
(3). 

8.  An  OTDR  apparatus  according  to  one  of 
claims  1  to  7,  characterized  in  that  said  pro- 
cessing  means  determines  the  loss  character-  35 
istic  of  said  optical  fiber  under  test  (9)  by 
sampling  said  detected  signal  from  said  optical 
detectors  (5)  by  every  unit  period  of  time,  and 
analyzing  the  obtained  data  with  respect  to  the 
passage  of  time.  40 

9.  An  OTDR  apparatus  according  to  one  of 
claims  1  to  8,  characterized  in  that  said  pro- 
cessing  means  (7)  transmits  to  said  light 
source  (11)  a  trigger  signal  for  generating  said  45 
light  pulse,  and  starts  processing  of  said  back- 
ward  scattering  light  with  the  passage  of  time 
by  adopting  the  moment  when  said  trigger 
signal  is  generated  as  an  original  time  point. 

50 
10.  An  OTDR  apparatus  according  to  one  of 

claims  1  to  9,  characterized  in  that  said  pro- 
cessing  means  (7)  process  data  by  taking  an 
arithmetical  average  of  measurements  on 
backward  scattering  light  corresponding  to  a  55 
plurality  of  light  pulses. 

6 
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