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Description 

BACKGROUND  OF  THE  INVENTION 

[Field  of  Invention] 

This  invention  relates  to  a  method  of  identifying  a 
particular  optical  cable  out  of  a  number  of  similar  optical 
cables  at  any  point  along  the  route  of  installation. 

[Prior  Art] 

In  modern  telecommunication  systems,  optical  ca- 
bles  are  housed  in  ducts  and  conduits  and  laid  along  the 
route  of  installation. 

With  the  recent  development  of  telecommunication 
networks,  a  large  number  of  different  optical  cables  are 
often  laid  along  a  single  route  of  installation. 

Particularly  in  the  case  of  an  optical  LAN  system 
installed  in  a  so-called  intelligent  building,  a  large 
number  of  optical  cables  are  often  housed  in  a  single 
duct  to  produce  a  congested  condition  there,  anticipat- 
ing  an  increase  in  the  number  of  subscribers  of  telecom- 
munication  services  in  the  future.  Optical  cables  are  ac- 
companied  by  greater  possibilities  than  ever  of  branch- 
ing  and  replacing  operations  after  the  initial  installation. 

Fig.  9  of  the  accompanying  drawings  schematically 
illustrates  atypical  telecommunication  networkcompris- 
ing  central  stations  01,  relay  stations  02  and  terminal 
stations  03  interconnected  by  means  of  a  large  number 
of  optical  cables  C,  which  are  often  ramified,  star-con- 
nected  and  looped. 

Since  many  of  these  optical  cables  resemble  one 
another,  skilled  workers  find  it  difficult  to  single  out  a  par- 
ticular  optical  cable  at  a  given  intermediate  point  that 
needs  to  be  branched  or  replaced  out  of  a  number  of 
cables  that  have  been  laid  in  the  same  route  of  installa- 
tion. 

In  an  attempt  to  remedy  this  problem,  EP-A-390 
341,  Laid-Open  Japanese  Patent  Nos.  2-230105  and 
2-230106  propose  methods  of  identifying  a  particular 
optical  cable  by  utilizing  fluctuation  of  polarized  light  in 
a  single  mode  optical  fiber. 

Referring  to  Fig.  1  0,  with  these  known  methods,  po- 
larized  light  is  transmitted  through  a  single  mode  optical 
fiber  of  an  optical  cable  C  from  a  light  source  I  of  a  light 
source  station  while  an  external  signal  (such  as  me- 
chanical  vibration)  is  applied  to  the  optical  cable  C  at  a 
work  site  by  means  of  a  signal  application  device  2  so 
that  any  fluctuation  in  the  level  of  polarized  light  caused 
by  the  external  signal  may  be  detected  to  identify  the 
optical  fiber  by  a  photodetector  3  as  the  light  is  received 
by  a  light  receiving  device  4  at  a  detecting  station. 

More  specifically,  while  the  operator  of  the  light 
source  station  applies  a  given  signal  to  a  particular  op- 
tical  fiber  of  each  of  the  optical  cables  in  the  route  for 
signal  transmission  and  the  operator  of  the  detecting 
station  monitors  the  reception  of  the  signal,  the  operator 

in  the  work  site  sequentially  applies  an  external  signal 
to  the  optical  cables  laid  there  on  a  one  by  one  basis 
and,  each  time  an  external  signal  is  applied  to  an  optical 
cable,  the  operator  at  the  work  site  and  his  colleague  at 

5  the  detecting  station  talk  over  through  a  radio  commu- 
nication  channel,  using,  for  instance,  a  pair  of  transceiv- 
ers  to  make  sure  if  the  optical  cable  in  question  is  de- 
tected  or  not. 

As  the  operation  of  sequentially  applying  an  exter- 
10  nal  signal  to  the  optical  cables  laid  in  the  work  site  pro- 

ceeds  on  a  one  by  one  basis,  the  operator  there  will 
eventually  come  across  the  optical  cable  in  question  to 
apply  a  signal  to  it  and  the  operator  monitoring  the  sig- 
nals  at  the  detecting  station  will  detect  the  cable  carrying 

is  a  fluctuated  signal. 
Then,  the  operator  at  the  detecting  station  notifies 

his  colleague  at  the  work  site  that  the  cable  to  which  an 
external  signal  is  applied  last  time  is  the  optical  cable  to 
be  detected  so  that  the  latter  can  identify  the  optical  ca- 

20  ble. 
Now,  the  optical  cable  is  identified  and  the  operator 

at  the  work  site  can  proceed  with  predetermined  work 
to  be  conducted  on  the  cable  in  question.  The  above 
described  known  method  is  advantageous  in  that  it  re- 

25  duces  the  workload  of  operators  and  does  not  damage 
optical  cables  when  compared  with  the  local  detection 
method  and  the  local  injection  method  where  cable 
sheaths  need  to  be  dismantled  to  identify  a  particular 
optical  cable. 

30  The  above  described  known  method  is  used  better 
with  the  photoelastic  effect  than  with  the  Faraday  effect 
in  terms  of  the  dimensions  of  the  equipment  involved 
and  the  required  capacity  of  the  power  source.  However, 
the  above  described  known  method  of  identifying  an  op- 

35  tical  cable  by  utilizing  the  fluctuation  of  polarized  light 
wave  is  accompanied  by  certain  problems  to  be  solved 
particularly  when  it  is  used  with  the  photoelastic  effect. 
Some  of  the  problems  will  be  described  below. 

Firstly,  it  is  rather  difficult  to  find  an  appropriate  spot 
40  located  closest  to  the  active  optical  fiber  of  the  optical 

cable  in  question  (which  is  currently  transmitting  optical 
signals)  for  externally  applying  signals  to  that  active  op- 
tical  fiber  because  no  one  can  tell  where  the  active  op- 
tical  fiber  can  be  found  from  outside. 

45  In  many  occasions,  consequently,  the  spot  selected 
for  applying  signals  can  be  remote  from  the  active  opti- 
cal  fiber  and  the  objects  existing  between  them  within 
the  optical  cable  can  hinder  the  transmission  of  mechan- 
ical  vibration,  absorbing  the  energy  of  vibration  of  the 

so  applied  external  signal  and  lowering  the  SN  ratio  to  a 
level  below  the  minimum  level  (20dB)  required  for  a  sig- 
nal  detector. 

If  such  is  the  case,  the  fluctuation  in  the  level  of  the 
optical  signal  detected  by  the  signal  detector  at  the  de- 

55  tecting  station  can  be  very  small  and  hardly  discriminat- 
ed  from  noise,  leading  the  operator  observing  the  mon- 
itor  at  the  detecting  station  to  commit  errors  in  recogniz- 
ing  the  fluctuated  signals. 
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Secondly,  a  phenomenon  of  cross  talk  can  take 
place  in  adjacent  optical  cables  when  the  frequency  of 
the  external  signal  (mechanical  vibration)  applied  to  an 
optical  cable  is  low. 

This  means  that  the  applied  external  signal  is  trans- 
mitted  through  not  only  the  optical  cable  to  which  it  is 
applied  but  also  any  of  the  optical  cables  laid  in  its  vi- 
cinity  to  produce  a  condition  where  identification  of  ca- 
bles  is  impossible  or  misidentification  of  cables  can  oc- 
cur. 

This  problem  may  be  partly  avoided  by  observing 
higher  harmonics  in  addition  to  the  fundamental  wave 
to  identify  the  external  signal. 

However,  the  higher  harmonics  are  not  attenuated 
to  a  nil  level  if  they  leakfrom  the  optical  cable  in  question 
and  go  into  adjacent  optical  cables  and,  therefore,  the 
utilization  of  higher  harmonics  cannot  provide  a  perfect 
solution  to  the  above  described  problem. 

SUMMARY  OF  THE  INVENTION 

In  view  of  the  above  discussed  technical  problems, 
it  is  therefore  an  object  of  the  present  invention  to  pro- 
vide  a  method  of  identifying  a  particular  optical  cable  out 
of  a  number  of  similar  optical  cables  at  any  point  along 
the  route  of  installation  in  an  easy,  swift  and  economical 
manner. 

According  to  the  invention,  the  above  object  is 
achieved  by  providing  a  method  of  identifying  a  partic- 
ular  optical  cable  out  of  a  number  of  similar  optical  ca- 
bles  laid  along  the  same  route  of  installation  comprising 
steps  of  sequentially  applying  an  external  signal  at  an 
intermediate  point  of  each  of  the  optical  cables  on  a  one 
by  one  basis  by  a  signal  applying  means  while  transmit- 
ting  an  optical  signal  from  a  signal  transmitting  means 
to  a  signal  receiving/detecting  means  by  way  of  a  par- 
ticular  optical  fiber  in  each  of  the  optical  cables  and  de- 
tecting  at  the  signal  receiving/detecting  means  any  fluc- 
tuation  of  the  optical  signal  transmitted  through  the  par- 
ticular  optical  cable  caused  by  the  photoelastic  effect 
when  an  signal  is  applied  to  the  particular  cable,  wherein 
a  plurality  of  external  signals  are  sequentially  applied  at 
respective  spots  circumferentially  distributed  on  the  out- 
er  peripheral  surface  of  each  of  the  optical  cables. 

For  the  purpose  of  the  present  invention,  external 
signals  are  preferably  applied  to  each  of  the  cables  laid 
along  the  same  route  of  installation  at  three  or  more  than 
three  spots  on  the  peripheral  surface  of  each  cable  and, 
more  preferably,  external  signals  are  applied  to  each  ca- 
ble  at  these  spots  at  different  points  of  time. 

For  the  purpose  of  the  present  invention,  the  fre- 
quency  of  the  external  signals  which  are  mechanical  vi- 
bration  is  preferably  found  between  1  and  550kHz  and 
the  duration  of  time  of  applying  an  external  signal  is 
found  between  0.01  and  2  seconds  at  any  spot  of  signal 
application. 

Vibration  and/or  stress  having  a  frequency  greater 
than  the  maximum  frequency  (except  the  carrier  fre- 

quency)  of  the  external  signals  may  preferably  be  ap- 
plied  to  the  terminal  of  the  optical  fiber  on  the  side  of  the 
signal  receiving/detecting  means  when  an  external  sig- 
nal  is  applied  to  an  intermediate  point  of  each  of  the  op- 

5  tical  cables  on  a  one  by  one  basis  by  the  external  signal 
applying  means  while  an  optical  signal  is  being  trans- 
mitted  from  the  signal  transmitting  means  to  the  signal 
receiving/detecting  means  by  way  of  an  optical  fiber  of 
each  of  a  number  of  similar  optical  cables  laid  along  the 

10  same  route. 
The  method  of  identifying  a  particular  optical  cable 

according  to  the  present  invention  is  used,  by  definition, 
at  installations  where  a  number  of  similar  optical  cables 
are  laid  along  the  same  route. 

is  The  optical  signal  transmitting  means  and  the  opti- 
cal  signal  receiving/detecting  means  are  connected  to 
the  respective  ends  of  the  optical  cables  and  the  exter- 
nal  signal  applying  means  is  arranged  at  an  intermedi- 
ate  point  along  the  route  of  installation  of  the  optical  ca- 

20  bles. 
Normally,  the  optical  signal  transmitting  means  and 

the  optical  signal  receiving/detecting  means  are  respec- 
tively  located  at  the  light  source  station  and  the  detecting 
station  while  the  external  signal  applying  means  is  dis- 

25  posed  at  the  work  site. 
While  the  cables  laid  along  the  same  route  of  instal- 

lation  can  be  identified  at  the  light  source  station  and 
the  detecting  station,  they  cannot  be  identified  at  the 
work  site. 

30  Thus,  when  a  particular  cable  needs  to  be  identified 
at  the  work  site,  the  operators  at  the  light  source  station, 
the  detecting  station  and  the  work  site  cooperate  for  that 
purpose  in  a  manner  as  described  below. 

The  operator  at  the  light  source  station  transmits  an 
35  optical  signal  (polarized  light)  to  the  detecting  station  by 

way  of  a  particular  optical  fiber  of  each  of  the  optical 
cables  and  the  operator  at  the  detecting  station  detects 
the  optical  signal. 

While  the  optical  signal  is  being  transmitted,  the  op- 
40  erator  at  the  work  site  applies  external  signals  (mechan- 

ical  vibration)  to  each  of  the  optical  cables  on  a  one  by 
one  basis  at  an  intermediate  point  along  the  route  of  in- 
stallation. 

When  an  external  signal  is  applied  to  the  optical  fib- 
45  er  of  the  optical  cables  through  which  an  optical  signal 

is  being  transmitted,  there  may  arise  the  photoelastic 
effect  of  fluctuating  the  level  of  the  optical  signal  which 
is  being  transmitted  through  the  optical  cables  and  then 
the  fluctuation,  if  any,  in  the  level  of  the  signal  is  dis- 

50  played  on  the  monitor  screen  of  the  optical  signal  receiv- 
ing/detecting  means.  So,  the  operator  at  the  work  site 
asks  his  or  her  colleague  at  the  detecting  station  if  the 
phenomenon  of  signal  fluctuation  is  observed  on  the  op- 
tical  cable  in  question  or  not  each  time  he  or  she  applies 

55  an  external  signal  at  the  work  site  until  the  optical  cable 
in  question  is  identified. 

An  optical  cable  typically  comprises  a  tension  mem- 
ber  running  along  the  central  axis  of  the  cable  and  a  plu- 
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rality  of  optical  fibers  arranged  around  and  extending 
along  the  tension  member. 

Since  the  optical  cable  is  normally  housed  in  a 
opaque  sheath,  the  optical  fibers  of  the  cable  cannot  be 
seen  from  outside  for  their  identification. 

When  an  external  signal  applying  device  is  placed 
on  a  randomly  selected  spot  on  the  outer  peripheral  sur- 
face  of  an  optical  cable  having  a  configuration  as  de- 
scribed  above,  it  is  not  likely  that  the  signal  applying  de- 
vice  is  placed  at  a  location  possibly  closest  to  a  partic- 
ular  optical  fiber  and,  if  the  signal  applying  device  is 
placed  at  a  location  remotest  from  the  particular  optical 
fiber,  the  external  signal  applied  by  the  signal  applying 
device  cannot  possibly  reach  the  optical  fiber  through 
which  an  optical  signal  is  being  transmitted. 

This  problem  is  solved  by  the  method  of  the  present 
invention  as  a  plurality  of  external  signals  are  applied  at 
respective  spots  on  the  peripheral  surface  of  each  of  the 
optical  cables  laid  along  the  same  route  of  installation. 
The  spots  selected  for  signal  application  normally  divide 
the  circumference  of  the  cross  section  of  the  cable  pass- 
ing  through  the  spots  into  equal  circular  arcs. 

When  the  number  of  the  spots  is  equal  to  or  greater 
than  three,  the  probability  with  which  the  signal  applying 
device  is  placed  at  a  location  possibly  closest  to  the  op- 
tical  fiber  through  which  an  optical  signal  is  being  trans- 
mitted  is  increased  as  compared  with  the  case  where 
the  signal  applying  device  is  placed  on  a  single  spot. 
Similarly  the  probability  with  which  the  signal  applying 
device  is  piaced  at  a  location  possibly  remotest  from  the 
optical  fibre  in  question  is  reduced  to  a  third  or  less  of 
that  of  the  above  referred  case. 

For  identifying  a  particular  cable  out  of  a  number  of 
similar  cables  by  using  the  method  of  the  present  inven- 
tion,  a  plurality  of  spots  for  applying  an  external  signal 
are  selected  on  the  outer  peripheral  surface  of  each  of 
the  cables  and  an  external  signal  is  applied  to  each  of 
the  spots  by  means  of  a  signal  applying  device. 

Then,  a  particular  optical  fiber  (transmitting  an  op- 
tical  signal)  in  each  of  the  optical  cables  will  receive  en- 
ergy  of  vibration  to  the  greatest  extent  when  an  external 
signal  is  applied  to  it  from  a  spot  which  is  located  closest 
to  the  optical  cable  so  that  the  level  of  the  optical  signal 
being  transmitted  through  the  optical  fiber  is  subjected 
to  fluctuation  to  the  greatest  extent  because  of  the  pho- 
toelastic  effect  of  the  signal.  Such  fluctuation  in  the  level 
of  the  optical  signal  can  be  easily  detected  by  the  signal 
receiving/detecting  means. 

Therefore,  the  method  of  the  present  invention  that 
utilizes  the  fluctuation  in  the  level  of  an  optical  signal  to 
identify  a  particular  optical  cable  is  practically  free  from 
any  misidentification  or  failure  of  identification  and  pro- 
vides  a  reliable  means  for  identifying  a  particular  optical 
cable  in  an  installation  site. 

When  external  signals  are  applied  by  using  the 
method  of  the  present  invention  to  a  particular  optical 
cable  transmitting  an  optical  signal  from  respective 
spots  on  the  outer  peripheral  surface  of  the  optical  cable 

containing  the  optical  fiber,  they  may  be  applied  either 
simultaneously  from  a  number  of  signal  applying  devic- 
es  or  sequentially  from  one  or  more  than  one  signal  ap- 
plying  devices. 

5  The  technique  of  simultaneously  applying  external 
signals  consumes  more  electricity  and  can  produce  a 
smaller  S/N  ratio  because  of  the  non-uniformity  in  the 
external  signals  (vibrations)  due  to  the  interference  of 
vibrations  in  the  transverse  direction  of  the  optical  cable 

10  depending  on  the  configuration  of  the  optical  cable. 
To  the  contrary,  the  technique  of  sequentially  apply- 

ing  external  signals  consumes  less  electricity  and  can 
produce  a  greater  S/N  ratio  as  no  interference  of  vibra- 
tions  occurs  in  the  transverse  direction  of  the  optical  ca- 

15  ble.  Therefore,  this  technique  is  more  reliable  in  identi- 
fying  a  particular  optical  cable  by  a  signal  receiving/de- 
tecting  means. 

Thus,  the  technique  of  sequentially  applying  exter- 
nal  signals  is  preferable  to  the  technique  of  simultane- 

20  ously  applying  external  signals. 
External  signals  to  be  used  for  the  purpose  of  the 

present  invention  preferably  have  a  frequency  equal  to 
or  greater  than  1  kHz  and  more  preferably  they  have  a 
frequency  equal  to  or  greater  than  25kHz  so  that  they 

25  may  easily  be  discriminated  from  environmental  distur- 
bance  such  as  natural  vibration  (with  a  frequency  of  ap- 
proximately  100Hz). 

The  reason  for  selecting  a  frequency  equal  to  or 
greater  than  25  kHz  is  that  external  signals  can  give  rise 

30  to  auditory  nuisance  to  the  operator  and  his  or  her  col- 
leagues  at  the  work  site  because  they  are  audible 
sounds  if  their  frequency  is  less  than  25kHz  (around 
20kHz). 

Besides,  external  signals  having  a  frequency  equal 
35  to  or  greater  than  25kHz  are  not  likely  to  be  absorbed 

by  the  cable  sheath  and  are  less  affected  by  cross  talk. 
External  signals  having  a  frequency  greater  than  25 

kHz  are  not  preferable  because  they  are  rather  small  in 
vibration  and  their  polarized  waves  can  be  only  poorly 

40  fluctuated. 
The  duration  of  time  of  applying  an  external  signal 

is  preferably  between  0.01  and  2  seconds. 
The  reason  for  this  is  that,  if  the  duration  of  time  of 

applying  an  external  signal  is  in  short  of  0.01  second, 
45  there  may  be  an  insufficiency  of  signal  volume  and,  if 

the  duration  of  time  of  applying  an  external  signal  ex- 
ceeds  2  seconds,  there  may  be  an  excess  signal  vol- 
ume. 

When  an  external  signal  is  applied  to  an  optical  ca- 
50  ble  from  outside  toward  the  inside  of  the  cable  while  an 

optical  signal  is  being  transmitted  through  a  particular 
optical  fiber  in  the  optical  cable  by  using  the  method  of 
the  present  invention,  the  signal  receiving  condition  for 
the  signal  receiving/detecting  means  can  be  improved 

55  if  vibration  and/or  stress  having  a  frequency  greater  than 
the  maximum  frequency  of  the  external  signal  (other 
than  the  carrier  frequency)  is  applied  to  the  output  ter- 
minal  of  the  optical  fiber. 

4 
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Therefore,  the  operation  of  identifying  a  particular 
optical  cable  using  the  method  of  the  present  invention 
can  become  more  reliable  if  it  is  used  with  such  a  tech- 
nique  of  securing  the  transmission  of  polarized  light. 

Now  the  present  invention  will  be  described  in  s 
greater  detail  by  referring  to  the  accompanying  draw- 
ings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
10 

Fig.  1  is  a  schematic  illustration  of  an  optical  cable 
system  to  which  the  method  of  the  present  invention  is 
applied. 

Fig.  2  is  a  sectional  view  of  an  optical  cable,  sche- 
matically  showing  how  external  signals  are  applied  to  15 
the  cable  to  identify  it  at  an  intermediate  point  of  the 
route  of  installation. 

Fig.  3  is  a  schematic  sectional  view  of  a  device  of 
securing  the  transmission  of  polarized  light  to  be  used 
with  the  method  of  identifying  an  optical  cable  according  20 
to  the  present  invention. 

Fig.  4  is  a  sectional  view  along  line  A-A  of  Fig.  3. 
Fig.  5  is  a  sectional  view  along  line  B-B  of  Fig.  3. 
Fig.  6  is  a  graph  schematically  illustrating  the  rela- 

tionship  between  the  frequency  of  the  applied  external  25 
signal  and  the  resultant  cross  talk  level. 

Fig.  7  is  a  graph  schematically  illustrating  how  ex- 
ternal  signals  are  applied  with  time  for  the  purpose  of 
the  present  invention. 

Fig.  8  is  a  graph  schematically  illustrating  the  levels  30 
of  the  signals  received  by  the  signal  receiving/detecting 
means  for  the  purpose  of  the  present  invention. 

Fig.  9  is  a  schematic  illustration  of  an  optical  cable 
network. 

Fig.  10  is  a  schematic  illustration  of  a  conventional  35 
method  of  identifying  a  particular  optical  cable. 

BEST  MODE  OF  CARRYING  OUT  THE  INVENTION 

Now,  the  present  invention  will  be  described  by  re-  40 
ferring  to  the  accompanying  drawings  that  illustrate  the 
best  mode  of  carrying  out  the  invention. 

Referring  firstly  to  Fig.  1,  C1,  C2  and  C3  respective- 
ly  denote  optical  cables.  Reference  numerals  11  ,  13,  16 
and  21  respectively  denote  a  signal  transmitting  means,  45 
a  signal  receiving/detecting  means,  a  signal  applying 
device  and  a  polarization  securing  device. 

Each  of  the  optical  cables  C1  ,  C2  and  C3  comprises 
a  tension  member  and  a  large  number  of  single  mode 
type  and/or  multiple  mode  type  optical  fibers  as  well  as  so 
other  components,  which  are  housed  in  a  common 
sheath. 

If  any  of  the  optical  cables  C1  through  C3  mainly 
comprises  multiple  mode  type  optical  fibers,  it  also  com- 
prises  at  least  a  single  mode  optical  fiber.  55 

The  single  mode  optical  fiber  or  one  of  the  single 
mode  optical  fibers  of  each  of  the  optical  cables  C1 
through  C3  is  used  for  the  transmission  of  optical  sig- 

nals,  which  will  be  described  later. 
Since  the  optical  cables  C1  through  C3  are  normally 

laid  along  the  same  route  of  installation  and  housed  in 
a  common  duct  or  conduit,  they  will  hereafter  be  referred 
to  as  laid  optical  cables  C1  through  C3. 

The  signal  transmitting  means  1  1  normally  compris- 
es  light  sources  12  such  as  LDs  or  LEDs  as  its  principal 
components,  which  light  sources  12  are  optically  con- 
nected  to  respective  ends  (input  terminals)  of  the  single 
mode  type  optical  fibers  F  of  the  laid  optical  cables  C1 
through  C3. 

The  signal  receiving/detecting  means  13  typically 
comprises  waveguide  type  photodetectors  14  for  de- 
tecting  polarized  light  and  modulating  its  intensity,  light 
receiving  devices  15  such  as  PDs  or  APDs  and  other 
components. 

Each  of  the  photodetectors  14  and  the  correspond- 
ing  light  receiving  devices  1  5  of  the  signal  receiving/de- 
tecting  means  1  3  are  connected  with  each  other  and  the 
photodetectors  1  4  are  optically  connected  to  the  respec- 
tive  other  ends  (output  terminals)  of  the  single  mode 
type  optical  fibers  F  of  the  laid  optical  cables  C1  through 
C3. 

The  signal  applying  device  16  utilizes  the  interac- 
tion  of  sound  wave  and  light  in  order  to  generate  super- 
sonic  oscillation  as  mechanical  vibration. 

More  specifically,  the  signal  applying  device  16 
comprises  a  plurality  of  piezoelectric  devices  17a,  17b 
and  1  7c  for  converting  electric  signals  into  acoustic  sig- 
nals. 

The  piezoelectric  devices  17a  through  17c  are  dis- 
posed  on  the  outer  peripheral  surface  of  the  sheath  of 
one  of  the  laid  optical  cables  C1  through  C3  at  an  inter- 
mediate  point  of  the  cable. 

Typically,  the  piezoelectric  devices  1  7a  through  1  7c 
are  disposed  on  the  outer  peripheral  surface  of  the 
sheath  of  one  of  the  laid  optical  cables  C1  through  C3 
at  a  work  site. 

As  shown  in  Figs.  3  through  5,  the  polarization  se- 
curing  device  21  comprises  a  base  plate  22,  a  pair  of 
support  members  23,  24,  a  motor  26  having  a  rotary 
shaft  25,  a  rotary  member  28  having  an  eccentric  pin 
27,  a  pivot  29  and  a  swinging  body  30. 

The  eccentric  pin  27  of  the  rotary  member  28  is 
stuck  into  the  latter  at  an  eccentric  point  on  one  of  its 
surfaces. 

The  swinging  body  30  has  a  holding  hole  31  bored 
through  it  in  an  upper  region  for  holding  an  optical  fiber 
and  a  vertically  oblong  groove  32  cut  in  a  lower  region 
thereof. 

Referring  particularly  to  Fig.  3,  the  pair  of  support 
members  23,  24  are  kept  upright  at  opposite  ends  of  the 
base  plate  22. 

The  motor  26  is  fitted  to  the  support  member  23  and 
the  rotary  member  28  is  fitted  to  the  rotary  shaft  25  of 
the  motor  26,  while  the  swinging  body  30  is  rotatably 
fitted  to  the  other  support  member  24  by  way  of  a  pivot 
29  so  that  the  eccentric  pin  27  of  the  rotary  member  28 
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is  slidably  engaged  in  the  oblong  groove  32  of  the  swing- 
ing  body  30  formed  in  a  lower  region  thereof. 

Referring  to  Figs.  1  and  2,  if  the  laid  optical  cable 
C2  needs  to  be  identified,  the  cable  C2  can,  as  a  matter 
of  course,  be  easily  identified  by  the  operators  at  the 
signal  transmitting  means  11  and  the  signal  receiving/ 
detecting  means  1  3  but  it  cannot  be  visually  identified 
by  the  operator  stationed  at  a  work  site  somewhere  on 
an  intermediate  point  of  the  route  of  installation  of  the 
cables  because  the  laid  optical  cables  C1  through  C3 
resemble  to  one  another  in  appearance. 

According  to  the  present  invention,  the  optical  cable 
C2  can  be  identified  at  the  work  site  by  applying  external 
signals  (mechanical  vibrations)  to  each  of  the  laid  optical 
cables  C1  through  C3  at  the  work  site  by  means  of  the 
piezoelectric  devices  17a  through  17c  of  the  signal  ap- 
plying  device  16  while  polarized  light  (optical  signal)  is 
being  transmitted  from  the  light  sources  1  2  of  the  signal 
transmitting  means  11  by  way  of  the  single  mode  type 
optical  fibers  F  of  the  laid  optical  cables  C1  through  C3 
and  received  by  the  photodetectors  14  of  the  light  re- 
ceiving  devices  15. 

The  optical  signal  passing  through  any  of  the  single 
mode  type  type  optical  fibers  F  of  the  laid  optical  cables 
C1  through  C3  is  converted  into  a  signal  having  a  plane 
of  polarization  modulated  by  the  photoelastic  effect 
when  an  external  signal  is  applied  to  the  optical  fiber 
before  it  is  modulated  to  an  intensity  modulated  signal 
by  the  corresponding  photodetector  1  4  and  received  by 
the  light  receiving  device  15  connected  thereto  in  the 
signal  receiving/detecting  means  13. 

As  external  signals  are  applied  to  the  laid  optical 
cables  C1  through  C3  randomly  on  a  one  by  one  basis, 
for  instance,  in  the  order  of  C1,  C3  and  C2,  the  signal 
receiving/detecting  means  1  3  can  see  which  one  of  the 
laid  optical  cables  C1  through  C3  is  currently  subjected 
to  the  application  of  external  signals,  or  that  external  sig- 
nals  are  applied  sequentially  to  the  cables  in  the  order 
of  C1,  C3and  C2. 

Thus,  each  time  the  operator  at  the  work  site  applies 
a  set  of  external  signals  to  one  of  the  laid  optical  cables 
C1  through  C3,  he  or  she  asks  his  or  her  colleague  at 
the  signal  receiving/detecting  means  1  3  who  is  monitor- 
ing  the  reception  of  optical  signals  if  he  or  she  has  come 
across  the  optical  cable  in  question,  which  is  the  cable 
C2,  by  an  appropriate  telecommunication  means. 

If,  as  described  above,  external  signals  are  applied 
to  the  cables  in  the  order  of  C1  ,  C3and  C2,  the  operator 
stationed  at  the  signal  receiving/detecting  means  13 
identifies  the  cable  to  which  external  signals  are  applied 
for  the  last  time  as  the  cable  C2  and  then  the  operation 
of  identifying  the  cable  is  completed. 

If  the  external  signals  applied  to  the  cables  have  a 
frequency  as  low  as  1  00Hz,  the  modulation  of  the  optical 
signals  by  external  signals  can  hardly  be  discriminated 
from  that  of  the  optical  signals  by  external  disturbances 
(natural  vibrations),  making  it  very  difficult  to  identify  any 
particular  optical  cable. 

Fig.  6  schematically  illustrates  the  relationship  be- 
tween  the  frequency  of  the  applied  external  signal  and 
the  resultant  cross  talk  level  obtained  in  an  experiment. 

As  clearly  seen  from  Fig.  6,  the  phenomenon  of 
5  cross  talk  remarkably  appears  in  adjacent  optical  cables 

when  the  frequency  of  the  applied  external  signal  is  low- 
er  than  7kHz. 

Since  the  maximum  SN  ratio  of  the  external  signal 
is  50dB  in  the  optical  cables  used  in  the  above  experi- 

10  ment  as  shown  in  Fig.  6,  it  may  be  clear  that  optical  ca- 
bles  adjacent  to  the  one  subjected  to  external  signals 
having  such  a  SN  ratio  are  also  affected  by  the  external 
signals. 

If  external  signals  have  a  frequency  higher  than 
is  10kHz,  they  are  absorbed  by  the  sheath  of  the  cable 

and,  therefore,  the  SN  ratio  of  the  external  signals  trans- 
ferred  from  an  optical  cable  to  any  adjacent  optical  ca- 
bles  can  be  suppressed  to  below  10dB. 

With  such  an  arrangement,  there  would  be  no  mis- 
20  identification  of  the  optical  cables. 

External  signals  (mechanical  vibrations)  having  a 
frequency  lower  than  25kHz  are,  however,  audible  and 
can  give  rise  to  auditory  nuisance  to  the  operator  and 
aggregate  the  environment  of  the  work  site. 

25  In  consideration  of  the  above  described  problems, 
the  frequency  of  external  signals  (mechanical  vibra- 
tions)  applied  to  the  optical  cables  at  a  work  site  needs 
to  be  equal  to  or  higher  than  25kHz. 

For  the  purpose  of  the  present  invention,  the  signal 
30  applying  device  1  6  comprises  a  plurality  of  piezoelectric 

devices  1  7a  through  1  7c  for  applying  external  signals  at 
a  plurality  of  spots  (of  signal  application)  on  the  periph- 
eral  surface  of  each  of  the  laid  optical  cables. 

When  external  signals  are  applied  to  a  laid  optical 
35  cable  at  spots  of  signal  application  by  means  of  a  signal 

applying  device  16,  they  may  be  applied  either  simulta- 
neously  or  sequentially  (with  time  lags). 

When  external  signals  are  applied  sequentially,  the 
piezoelectric  devices  17a  through  17c  may  be  sequen- 

40  tially  used  in  any  order  and  the  duration  of  each  external 
signal  may  be  arbitrarily  determined.  External  signals 
may  be  applied  either  simultaneously  and  continuously 
without  providing  any  pauses  therebetween  or  sequen- 
tially  with  a  short  pause  provided  between  two  succes- 

45  sive  signals. 
Fig.  7  illustrates  how  external  signals  are  applied 

with  time  when  external  signals  having  a  frequency  of 
25kHz  or  100kHz  and  a  duration  of  time  of  t0  are  se- 
quentially  and  successively  applied  by  three  piezoelec- 

50  trie  devices  1  7a  through  1  7c  in  the  described  order. 
Fig.  8  illustrates  the  levels  of  the  external  signals 

received  by  the  signal  receiving/detecting  means  13. 
When  external  signals  are  applied  to  the  laid  optical 

cables  in  a  manner  as  illustrated  in  Fig.  7,  they  are  sat- 
55  isfactorily  applied  to  the  particular  optical  fibers  F  of  the 

laid  optical  cables  and  a  satisfactorily  high  SN  ratio  of 
the  optical  signals  received  by  the  signal  receiving/de- 
tecting  means  13  is  ensured  regardless  of  the  location 
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of  the  particular  optical  fibers  F  in  the  respective  laid  op- 
tical  cables. 

When  external  signals  are  applied  to  the  laid  optical 
cables  in  a  manner  as  illustrated  in  fig.  7,  the  power  con- 
sumption  level  at  any  moment  during  the  signal  applying 
operation  is  a  third  of  the  consumption  level  of  an  oper- 
ation  where  the  piezoelectric  devices  17a  through  17c 
are  driven  simultaneously.  So,  batteries  may  be  advan- 
tageously  used  as  power  source  in  the  former  case. 

As  illustrated  in  Fig.  3,  when  a  polarization  securing 
device  21  is  used  for  the  purpose  of  the  present  inven- 
tion,  an  end  portion  of  the  optical  fiber  F  taken  out  of  the 
output  terminal  of  any  of  the  laid  optical  cables  (C1  ,  C2, 
C3)  is  made  to  pass  through  the  holding  hole  31  of  the 
swinging  body  30  so  that  a  portion  P2  of  the  optical  fiber 
F  is  held  in  the  holding  hole  31  while  the  optical  fiber  F 
is  clamped  by  appropriate  clamping  means  at  two  por- 
tions  P1,  P3  of  the  optical  fiber  F  located  outside  the 
holding  hole  31  . 

With  such  an  arrangement,  when  the  rotary  shaft 
25  is  driven  to  rotate  by  the  motor  26  to  consequently 
rotate  clockwise  the  rotary  member  28  fitted  to  the  rotary 
shaft  25,  the  swinging  body  30  swings  back  and  forth  in 
the  directions  of  the  arrows  in  Fig.  4  around  the  pivot  29 
with  a  period  of  t  because  of  the  engagement  of  the  ob- 
long  groove  32  of  the  swinging  body  30  and  the  eccen- 
tric  pin  27  of  the  rotary  member  28. 

Now,  as  the  swinging  body  30  is  swung  back  and 
forth,  the  portions  P1  through  P3  of  the  optical  fiber  F 
become  twisted  and  oscillated. 

As  the  portions  P1  through  P3  of  the  optical  fiber 
are  subjected  to  such  external  force,  there  appear  phe- 
nomena  as  described  below. 

One  of  the  phenomena  is  that,  assuming  that  an  or- 
dinate  and  an  abscissa  passing  through  the  center  of  a 
cross  section  of  the  optical  fiber  F  and  are  respectively 
denominated  as  y-axis  and  x-axis  and  the  longitudinal 
axis  of  the  cable  is  denominated  as  z-axis,  the  density 
of  the  optical  fiber  F  is  differentiated  in  the  directions  of 
the  y-axis  and  the  x-axis  when  the  optical  fiber  F  is  put 
under  stress  of  vibration  in  the  direction  of  the  y-axis  and 
the  differentiated  density  results  in  a  differentiation  in  the 
refractive  index  of  the  optical  fiber  F. 

Another  phenomenon  is  that  there  arises  a  phase 
difference  between  the  x-polarization  and  the  y-polari- 
zation  of  the  optical  signal  (polarized  light)  passing 
through  the  optical  fiber  F  to  cause  changes  to  take 
place  in  the  polarized  state  of  the  optical  signal  when 
the  optical  fiber  F  is  subjected  to  external  forces  of  vi- 
bration. 

Still  another  phenomenon  is  that  there  is  a  differ- 
ence  in  the  helical  advancement  of  polarization  between 
the  clockwise  advancement  and  the  counterclockwise 
advancement  so  that  the  principal  axis  of  polarization  of 
the  light  entering  the  optical  fiber  can  be  rotated. 

Thus,  when  the  optical  fiber  F  is  subjected  to  stress 
of  vibration  at  the  portions  P1  through  P3  by  means  of 
the  polarization  securing  device  21,  the  polarization  of 

the  optical  signal  passing  through  the  optical  fiber  F  is 
modulated  with  a  period  of  t  to  positively  affect  the  op- 
eration  of  cable  identification. 

More  specifically  speaking,  if  vibration  and/or  stress 
5  having  a  frequency  greater  than  the  maximum  frequen- 

cy  (except  the  carrier  frequency)  of  the  external  signals 
are  applied  to  the  output  terminal  of  the  optical  fiber  F 
or,  differently  stated,  if  the  output  terminal  of  the  optical 
fiber  F  (the  terminal  located  at  the  signal  receiving/de- 

10  tecting  means  13)  is  subjected  to  an  oscillatory  move- 
ment  following  a  circular  arc  with  a  frequency  of  t(1/f) 
which  is  shorter  than  the  shortest  period  to  of  the  exter- 
nal  signals,  the  signal  receiving/detecting  means  1  3  can 
have  a  good  reception  of  signals  at  least  once  in  every 

is  x  (=1/f)  seconds  because  of  the  oscillatory  movement 
of  the  output  terminal  of  the  optical  fiber  F  with  a  fre- 
quency  of  1/  tHz  (>1/  to). 

When  a  polarization  securing  means  (device  21  )  as 
illustrated  in  Figs.  3  through  5  is  used,  a  wide  dynamic 

20  range  is  available  for  the  transmission  of  optical  signals 
because  there  is  no  need  for  branching  the  optical  wave 
guide  that  may  entail  a  considerable  loss  in  the  quantity 
of  light. 

A  polarization  securing  means  as  illustrated  in  Figs. 
25  3  through  5  is  advantageous  over  a  polarization  diversity 

telecommunication  technique  or  a  technique  using  pho- 
tocouplers  which  will  be  described  below. 

The  polarization  diversity  telecommunication  is  a 
technique  to  be  used  for  improving  the  reception  of  sig- 

30  nals  by  dividing  the  optical  transmission  path  into  a  plu- 
rality  of  different  directions  and  utilizing  the  best  signal 
out  of  the  received  signals  that  have  been  transmitted 
by  way  of  these  diversified  optical  transmission  paths. 

The  technique  of  polarization  diversity  telecommu- 
35  nication  is  accompanied  by  the  problem  of  loss  in  the 

quantity  of  light  that  occurs  when  the  signal  transmission 
path  is  divided  at  the  signal  receiving  terminal.  The  loss 
will  be  approximately  3dB  when  the  path  is  divided  into 
two  and  approximately  5dB  when  divided  into  three. 

40  This  means  that  a  light  source  having  a  large  output 
power  or  a  device  for  boosting  the  output  power  is  re- 
quired  when  the  polarization  diversity  telecommunica- 
tion  technique  is  used  for  an  optical  communication  sys- 
tem  having  a  long  distance  of  signal  transmission. 

45  In  addition  to  the  above  problem,  the  photodetec- 
tors  provided  at  the  output  terminal  of  the  optical  com- 
munication  system  using  the  technique  of  polarization 
diversity  telecommunication  need  to  have  a  relative  an- 
gular  difference  of  n/4  for  the  principal  axis,  although 

so  such  photodetectors  are  prepared  only  with  a  high  de- 
gree  of  elaboration  and  high  manufacturing  cost. 

The  technique  of  using  photocouplers  and  selecting 
a  relative  angular  difference  of  n/4  for  the  principal  axis 
of  the  photodetectors  disposed  at  the  output  terminal  of 

55  the  optical  communication  system  is  not  feasible  be- 
cause  of  the  technical  difficulties  it  involves. 

Thus,  the  use  of  a  polarization  securing  means  as 
illustrated  in  Figs.  3  through  5  is  a  useful  and  advanta- 
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geous  way  of  improving  the  reliability  of  the  operation  of  CI 
identifying  a  particular  optical  cable  because  it  does  not 
involve  any  loss  in  the  quantity  of  light  and  is  not  costly  1. 
for  the  modulation  of  polarization. 

For  the  purpose  of  the  present  invention,  a  means  s 
of  signal  transmission  12  and  a  signal  receiving/detect- 
ing  means  1  3  may  be  put  together  into  a  unit,  which  will 
be  connected  to  an  end  of  the  laid  optical  cables. 

When  both  the  means  of  signal  transmission  1  2  and 
the  signal  receiving/detecting  means  1  3  are  put  together  10 
into  a  unit  and  connected  to  the  same  end  of  the  laid 
optical  cables,  two  single  mode  type  optical  fibers  in  the 
same  laid  optical  cable  are  respectively  connected  to 
the  means  of  signal  transmission  12  and  the  signal  re- 
ceiving/detecting  means  1  3  at  an  end  of  the  optical  ca-  15 
ble  and  an  optical  fiber  for  reflecting  optical  signals  is 
connected  to  these  optical  fibers  at  the  other  end  of  the 
optical  cable. 

According  to  the  invention,  since  the  fluctuation  in 
the  level  of  an  optical  signal  that  appears  when  external  20 
signals  are  applied  to  an  optical  cable  due  to  the  pho- 
toelastic  effect  is  utilized  to  identify  a  particular  optical 
cable  and  external  signals  are  applied  to  the  outer  pe-  2. 
ripheral  surface  of  the  optical  cable  at  a  plurality  of 
spots,  the  fluctuation  in  the  level  of  the  optical  signal  is  25 
boosted  and  a  particular  optical  cable  can  be  surely 
identified  on  the  basis  of  the  fluctuation  in  the  level  of 
the  optical  signal. 

Thus,  with  the  method  of  the  present  invention,  a  3. 
particular  optical  cable  can  be  identified  out  of  a  plurality  30 
of  similar  optical  cables  in  a  reliable  and  quick  manner 
by  using  a  relatively  simple  technique  of  applying  exter- 
nal  signals  to  the  outer  surface  of  each  of  the  optical 
cables  at  a  plurality  of  spots.  4. 

When  external  signals  are  applied  sequentially  to  35 
optical  cables,  the  level  of  power  consumption  can  be 
significantly  reduced  and  any  interference  of  external 
signals  in  a  transverse  direction  of  the  optical  cable  re- 
duced,  to  increase  the  SN  ratio  of  the  signals  and,  there-  5. 
fore,  make  the  method  of  the  present  invention  even  40 
more  reliable. 

The  additional  use  of  a  polarization  securing  means 
of  a  given  type  with  the  method  of  the  present  invention 
can  significantly  improve  the  reception  of  optical  signals 
by  the  signal  receiving/detecting  means  to  make  the  45  6. 
method  of  the  present  invention  further  reliable. 

Particularly,  since  the  polarization  securing  means 
applies  given  vibration  and/or  stress  to  the  end  of  the 
optical  fiber  where  the  signal  receiving/detecting  means 
is  located,  it  does  not  involve  any  loss  in  the  quantity  of  so 
light  and  require  any  costly  components  to  enhance  the 
reliability  and  the  economic  feasibility  of  the  method  of 
identifying  a  particular  optical  cable  of  the  present  in- 
vention. 

A  method  of  identifying  a  particular  optical  cable  out 
of  a  number  of  similar  optical  cables  (C-,,  C2,  C3) 
laid  along  the  same  route  of  installation  comprising 
steps  of  sequentially  applying  an  external  signal  at 
an  intermediate  point  of  each  of  the  optical  cables 
on  a  one  by  one  basis  by  a  single  signal  applying 
means  (16,  17a,  17b,  17c)  while  transmitting  an  op- 
tical  signal  from  a  signal  transmitting  means  (11,12) 
to  a  signal  receiving/detecting  means  (13)  by  way 
of  a  particular  optical  fiber  in  each  of  the  optical  ca- 
bles  and  detecting  by  the  signal  receiving/detecting 
means  (13)  any  fluctuation  of  the  optical  signal 
transmitted  through  the  particular  optical  cable  (C-,  , 
C2,  C3)  caused  by  the  photoelastic  effect  when  an 
external  signal  is  applied  to  the  particular  cable  (C-,, 
C2,  C3),  characterized  in  that  a  plurality  of  external 
signals  are  sequentially  applied  at  respective  spots 
circumferentially  distributed  on  the  outer  peripheral 
surface  of  each  of  the  optical  cables. 

A  method  of  identifying  a  particular  optical  cable  ac- 
cording  to  claim  1  ,  wherein  external  signals  are  ap- 
plied  to  each  of  the  cables  laid  along  the  same  route 
of  installation  at  three  or  more  than  three  spots  on 
the  peripheral  surface  of  each  cable. 

A  method  of  identifying  a  particular  optical  cable  ac- 
cording  to  claim  1  or  2,  wherein  external  signals  are 
applied  at  different  points  of  time  to  each  of  the  ca- 
bles  laid  along  the  same  route  of  installation. 

A  method  of  identifying  a  particular  optical  cable  ac- 
cording  to  one  of  claims  1  through  3,  wherein  the 
frequency  of  the  external  signals,  which  are  me- 
chanical  vibrations,  is  between  1kHz  and  550kHz. 

A  method  of  identifying  a  particular  optical  cable  ac- 
cording  to  one  of  claims  1  through  4,  wherein  the 
duration  of  time  of  applying  said  external  signal  is 
between  0.01  and  2  seconds  at  any  spot  of  signal 
application. 

A  method  of  identifying  a  particular  optical  cable  ac- 
cording  to  one  of  claims  to  5,  wherein  vibration  and/ 
or  stress  having  a  frequency  greater  than  the  max- 
imum  frequency  except  the  carrier  frequency,  of  the 
external  signals  is  applied  to  the  terminal  of  the  op- 
tical  fiber  on  the  side  of  the  signal  receiving/detect- 
ing  means  (13)  when  an  external  signal  is  applied 
to  an  intermediate  point  of  each  of  the  optical  cables 
on  a  one  by  one  basis  by  the  external  signal  apply- 
ing  means  (16,  17a,  17b,  17c)  while  an  optical  sig- 
nal  is  being  transmitted  from  the  signal  transmitting 
means  to  the  signal  receiving/detecting  means  (1  3) 
by  way  of  an  optical  fiber  of  each  of  a  number  of 
similar  optical  cables  laid  along  the  same  route  of 
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installation. 

Patentanspriiche 

1.  Verfahren  zur  Identifizierung  eines  bestimmten  op- 
tischen  Kabels  aus  einer  Anzahl  von  ahnlichen  op- 
tischen  Kabeln  (C1  ,  C2,  C3),  die  entlang  desselben 
Installationsweges  verlegt  sind,  umfassend  die 
Schritte:  sequentielles  Zufuhren  eines  externen  Si- 
gnals  an  einem  Zwischenpunkt  jedes  optischen  Ka- 
bels  auf  einer  Eines-nach-dem-anderen-Basis 
durch  ein  einzelnes  Signalzufuhrungsmittel  (16, 
17a,  17b,  17c),  wahrend  ein  optisches  Signal  von 
Signal-Sendemitteln  (11,  12)  zu  Signal-Emp- 
fangs-/-Feststellungsmitteln  (13)  iiber  eine  be- 
stimmte  optische  Faser  in  jedem  der  optischen  Ka- 
bel  gesendet  wird,  und  Feststellen  irgendeiner 
Fluktuation  des  durch  das  bestimmte  optische  Ka- 
bel  (C1,  C2,  C3)  gesendeten  optischen  Signals 
durch  die  Signal-EmpfangsV-Feststellungsmittel 
(13),  die  durch  den  fotoelastischen  Effekt  bewirkt 
wird,  wenn  dem  bestimmten  Kabel  (C1  ,  C2,  C3)  ein 
externes  Signal  zugefuhrt  wird,  dadurch  gekenn- 
zeichnet,  dal3  eine  Vielzahl  von  externen  Signalen 
sequentiell  an  entsprechenden  auf  dem  Umfang 
der  auBeren  Umfangsflache  jedes  optischen  Ka- 
bels  verteilten  Stellen  zugefuhrt  wird. 

2.  Verfahren  zur  Identifizierung  eines  bestimmten  op- 
tischen  Kabels  nach  Anspruch  1,  bei  dem  externe 
Signale  jedem  der  Kabel,  die  entlang  desselben  In- 
stallationsweges  verlegt  sind,  an  drei  oder  mehr  als 
drei  Stellen  der  Umfangsflache  jedes  Kabels  zuge- 
fuhrt  werden. 

3.  Verfahren  zur  Identifizierung  eines  bestimmten  op- 
tischen  Kabels  nach  Anspruch  1  oder  2,  bei  dem 
externe  Signale  jedem  der  Kabel,  die  entlang  des- 
selben  Installationsweges  verlegt  sind,  zu  verschie- 
denen  Zeitpunkten  zugefuhrt  werden. 

4.  Verfahren  zur  Identifizierung  eines  bestimmten  op- 
tischen  Kagels  nach  einem  der  Anspruche  1  bis  3, 
bei  dem  die  Frequenz  der  externen  Signale,  die  me- 
chanische  Schwingungen  sind,  zwischen  1  kHz  und 
550  kHz  liegt. 

5.  Verfahren  zur  Identifizierung  eines  bestimmten  op- 
tischen  Kabels  nach  einem  der  Anspruche  1  bis  4, 
bei  dem  die  Zeitdauer  der  Zufuhrung  des  externen 
Signals  an  jeder  Stelle  der  Signalzufuhrung  zwi- 
schen  0,01  und  2  Sekunden  liegt. 

6.  Verfahren  zur  Identifizierung  eines  bestimmten  op- 
tischen  Kabels  nach  einem  der  Anspruche  1  bis  5, 
bei  dem  Schwingungen  und/  oder  Beanspruchun- 
gen  mit  einer  Frequenz  groBer  als  die  maximale 
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Frequenz,  ausgenommen  die  Tragerfrequenz,  der 
externen  Signale  dem  AnschluB  der  optischen  Fa- 
ser  auf  der  Seite  der  Signal-EmpfangsV-Feststel- 
lungsmittel  (13)  zugefuhrt  werden,  wenn  ein  exter- 
nes  Signal  an  einem  Zwischenpunkt  jedes  opti- 
schen  Kabels  auf  einer  Eines-nach-dem-anderen- 
Basis  durch  die  externen  Signalzufuhrungsmittel 
(16,  17a,  17b,  17c)  zugefuhrt  wird,  wahrend  ein  op- 
tisches  Signal  von  den  Signal-Sendemitteln  zu  den 
Signal-EmpfangsV-Feststellungsmitteln  (13)  iiber 
eine  optische  Faser  von  jedem  aus  einer  Anzahl 
von  ahnlichen  entlang  desselben  Installationswe- 
ges  verlegten  optischen  Kabeln  gesendet  wird. 

Revendications 

1  .  Methode  pour  identifier  un  cable  optique  particulier 
parmi  plusieurs  cables  optiques  similaires  (C-,,  C2, 

20  c3)  poses  sur  le  meme  parcours  d'installation  com- 
prenant  les  etapes  consistant  a  appliquer  sequen- 
tiellement  un  signal  exterieur  a  un  point  intermediai- 
re  de  chacun  des  cables  optiques  un  par  un  a  I'aide 
de  moyens  d'application  de  signal  unique  (16,  17a, 

25  1  7b,  1  7c)  tout  en  emettant  un  signal  optique  depuis 
des  moyens  d'emission  de  signal  (11,  12)  vers  des 
moyens  de  reception/detection  de  signal  (13)  sur 
une  fibre  optique  particuliere  dans  chacun  des  ca- 
bles  optiques  et  a  detecter  a  I'aide  des  moyens  de 

30  reception/detection  de  signal  (13)  toute  fluctuation 
du  signal  optique  emis  sur  le  cable  optique  particu- 
lier  (C-,,  C2,  C3)  due  a  I'effet  photoelastique  lors- 
qu'un  signal  exterieur  est  applique  au  cable  optique 
particulier  (C-,,  C2,  C3),  caracterisee  en  ce  que  plu- 

35  sieurs  signaux  exterieurs  sont  sequentiellement  ap- 
pliques  a  des  points  respectifs  repartis  sur  la  circon- 
ference  de  la  surface  peripherique  exterieure  de 
chacun  des  cables  optiques. 

40  2.  Methode  pour  identifier  un  cable  optique  particulier 
selon  la  revendication  1  ,  dans  laquelle  des  signaux 
exterieurs  sont  appliques  a  chacun  des  cables  po- 
ses  sur  le  meme  parcours  d'installation  a  trois  ou 
plus  de  trois  points  sur  la  surface  peripherique  de 

45  chaque  cable. 

3.  Methode  pour  identifier  un  cable  optique  particulier 
selon  la  revendication  1  ou  2,  dans  laquelle  des  si- 
gnaux  exterieurs  sont  appliques  a  des  instants  dif- 

so  ferents  a  chacun  des  cables  poses  sur  le  meme  par- 
cours  d'installation. 

4.  Methode  pour  identifier  un  cable  optique  particulier 
selon  I'une  quelconque  des  revendications  1  a  3, 

55  dans  laquelle  la  frequence  des  signaux  exterieurs, 
qui  sont  des  vibrations  mecaniques,  est  comprise 
entre  1  kHz  et  550  kHz. 
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Methode  pour  identifier  un  cable  optique  particulier 
selon  I'une  quelconque  des  revendications  1  a  4, 
dans  laquelle  la  duree  d'application  dudit  signal  ex- 
terieur  est  comprise  entre  0,01  et  2  secondes  a  un 
point  d'application  de  signal  quelconque.  s 

Methode  pour  identifier  un  cable  optique  particulier 
selon  I'une  quelconque  des  revendications  1  a  5, 
dans  laquelle  une  vibration  et/ou  une  contrainte 
ayant  une  frequence  superieure  a  la  frequence  10 
maximale,  a  I'exception  de  la  frequence  porteuse, 
des  signaux  exterieurs  est  appliquee  a  I'extremite 
de  la  fibre  optique  du  cote  des  moyens  de  reception/ 
detection  de  signal  (13)  lorsqu'un  signal  exterieur 
est  applique  a  un  point  intermediate  de  chacun  des  15 
cables  optiques  un  par  un  a  I'aide  des  moyens  d'ap- 
plication  de  signal  exterieur  (16,  17a,  17b,  17c)  tout 
en  emettant  un  signal  optique  depuis  les  moyens 
d'emission  de  signal  vers  les  moyens  de  reception/ 
detection  de  signal  (13)  sur  une  fibre  optique  de  20 
chaque  cable  parmi  plusieurs  cables  optiques  simi- 
laires  poses  sur  le  meme  parcours  d'installation. 
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