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0   Method  for  determining  equalization  delays  in  a  transmission  system  and  related  transmission 
system. 

CM 

0   To  determine  the  equalisation  delay  of  a  substa- 
tion  (S3),  the  main  station  (C)  of  a  transmission 
system  measures,  during  an  initial  coarse  measure- 
ment,  the  time  interval  between  the  sending  of  a  first 
ranging  signal  to  the  substation  and  the  receipt  of  a 
reply  signal.  This  reply  signal  has  a  frequency  and 
amplitude  substantially  lower  than  the  information 
signals  sent  by  other  substations  (S1,  S2)  of  the 
system  to  avoid  interference  therewith.  During  a  sub- 
sequent  fine  measurement  the  main  station  mea- 
sures  the  time  interval  between  the  sending  of  a 
second  ranging  signal  and  the  receipt  of  a  second 

reply  signal  having  the  same  characteristics  as  the 
information  signals.  The  other  substations  have  to 
stop  transmission  of  signals  during  an  interval  equal 
to  the  uncertainty  time  interval  with  which  the 
equalisation  delay  was  measured  during  the  coarse 
measurement.  To  be  able  to  apply  this  method,  the 
receiver  at  the  main  station  includes  means  to  iso- 
late  (AZ)  the  first  reply  signal  from  the  information 
signals  and  to  recognize  (COR)  them,  and  a  pro- 
cessing  unit  (PU)  to  determine  the  equalisation  de- 
lay. 
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The  present  invention  relates  to  a  method  for 
determining  equalisation  delays  in  a  transmission 
system. 

Such  a  method  is  already  known  in  the  art,  e.g. 
from  the  article  "A  B_ISDN  Local  Distribution  Sys- 
tem  based  on  a  Passive  Optical  Network"  by  J.W. 
Ballance  et  al,  Globecom  '90,  San  Diego  section 
3.3,  2nd  paragraph. 

In  this  known  method  which  is  applied  in  a 
transmission  system  wherein  an  exchange  end  or 
main  station  is  connected  to  a  plurality  of  customer 
ends  or  substations  via  the  cascade  connection  of 
a  common  optical  fiber  link  and  respective  individ- 
ual  links,  the  equalisation  delay  also  called  delay 
compensation  of  a  customer  end  is  determined  in 
the  following  way.  The  customer  end  is  told  by  the 
exchange  end  to  transmit  a  reply  signal  to  the  latter 
without  delay  compensation,  whilst  at  the  exchange 
end  first  the  propagation  delay  of  the  customer  end 
is  measured  and  afterwards  the  delay  compensa- 
tion  is  determined  by  substracting  this  delay  from 
the  maximum  propagation  delay  of  the  system. 

A  drawback  of  this  method  is  that  to  avoid 
interference  of  the  above  mentioned  reply  signal 
with  information  signals  transmitted  by  other  cus- 
tomer  ends  over  the  common  link,  the  latter  ends 
have  to  stop  transmission  of  information  signals 
during  a  time  interval  at  least  equal  to  the  maxi- 
mum  propagation  delay  of  the  system.  In  the  men- 
tioned  article  this  delay  is  equal  to  the  time  equiv- 
alent  of  71  asynchronous  transfer  mode  cells  which 
in  fact  gives  only  a  minor  reduction  in  the  network 
throughput,  but  might  result  in  an  unacceptable 
jitter  due  to  cell  accumulation. 

An  object  of  the  present  invention  is  to  provide 
a  method  for  determining  equalisation  delays  in  a 
transmission  system  requiring  only  a  reduced  in- 
terruption  in  the  transmission  of  information  signals. 

According  to  the  invention  this  object  is 
achieved  by  the  provision  of  a  method  for  deter- 
mining  a  first  equalisation  delay  to  be  used  in  a 
first  substation  of  a  transmission  system  including 
also  at  least  a  second  substation,  with  a  known 
second  equalisation  delay,  and  a  main  station 
which  is  coupled  to  said  first  and  second  substa- 
tions  via  the  cascade  connection  of  a  common  link 
and  respective  individual  first  and  second  links,  the 
first  and  second  equalisation  delays  being  such 
that  when  the  sending  of  information  signals  to  said 
main  station  by  said  first  and  second  substations  is 
delayed  with  their  respective  first  and  second 
equalisation  delays,  the  propagation  delays  be- 
tween  said  main  station  and  each  of  said  first  and 
second  substations  and  back  are  equal  to  a  pre- 
determined  propagation  delay,  said  method  includ- 
ing  the  steps  of 

-  executing  a  coarse  measurement  to  deter- 
mine  for  said  first  substation  an  intermediate 

equalisation  delay  with  a  first  predetermined 
uncertainty  time  interval;  and 

-  executing  a  fine  measurement  while  the 
sending  of  said  information  signals  is  inter- 

5  rupted  at  all  substations,  except  the  first  one, 
for  at  least  said  first  predetermined  uncer- 
tainty  time  interval,  said  fine  measurement 
taking  into  account  said  intermediate 
equalisation  delay  to  determine  said  first 

io  equalization  delay  with  a  second  predeter- 
mined  uncertainty  time  interval  which  is  lower 
than  said  first  predetermined  uncertainty  time 
interval. 

According  to  this  method  transmission  of  in- 
75  formation  signals  has  to  be  stopped  during  a  time 

interval  equal  to  the  uncertainty  time  interval  with 
which  the  intermediate  equalisation  delay  is  deter- 
mined  by  the  coarse  measurement  of  the  method. 
This  uncertainty  time  interval  is  independent  from 

20  the  size  of  the  transmission  system  and  is  much 
smaller  than  the  maximum  propagation  delay  of  the 
system  which  on  the  contrary  depends  on  the 
transmission  system  size.  A  reasonable  value  for 
the  uncertainty  time  interval  is  for  example  the  time 

25  equivalent  of  2  cells  in  an  asynchronous  transfer 
mode  system,  whereas  in  the  method  described  in 
the  above  mentioned  article  transmission  has  to  be 
stopped  during  the  equivalent  of  71  cells,  as  al- 
ready  mentioned. 

30  Another  object  of  the  invention  is  to  provide  a 
transmission  system  which  is  particularly  adapted 
to  the  application  of  the  above  method. 

According  to  the  invention  this  is  achieved  by 
the  provision  of  a  transmission  system  which  in- 

35  eludes  a  receiver  with  a  differential  amplifier  having 
a  first  input  to  which  is  applied  an  input  signal 
comprising  said  information  signals  and  said  first 
reply  signal  and  whose  output  is  coupled  to  a 
second  input  of  said  amplifier  via  separation  means 

40  wherein  said  first  reply  signal  is  separated  from 
said  information  signal  and  whose  output  is  also 
coupled  to  a  recognition  circuit  to  recognize  said 
first  reply  signal. 

The  above  mentioned  and  other  objects  and 
45  features  of  the  invention  will  become  more  appar- 

ent  and  the  invention  itself  will  be  best  understood 
by  referring  to  the  following  description  of  an  em- 
bodiment  taken  in  conjunction  with  the  accompany- 
ing  drawings  wherein: 

50  Fig.  1  is  a  schematic  representation  of  a  trans- 
mission  system  according  to  the  invention  and 
in  which  equalisation  delays  are  determined  by 
a  method  according  to  the  invention; 
Fig.  2  represents  substation  S3  of  Fig.  1  in  more 

55  detail; 
Fig.  3  shows  the  main  station  C  of  Fig.  1  in 
more  detail; 
Fig.  4  is  a  block  diagram  of  the  correlator  COR 

3 
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of  Fig.  3; 
Fig.  5  is  a  block  diagram  of  the  basic  correlator 
BCI  of  Fig.  4; 

Fig.  1  represents  an  optical  transmission  sys- 
tem  operating  according  to  the  Asynchronous 
Transfer  Mode  and  including  a  main  station  C 
which  is  connected  to  3  substations  S1  to  S3  via 
the  cascade  connection  of  a  common  optical  fiber 
link  L  and  respective  individual  optical  fiber  links  L1 
to  L3. 

The  substations  S1  to  S3  are  all  similar.  One  of 
them,  namely  S3  is  represented  in  Fig.  2.  It  com- 
prises  an  optical  receiver  R3  and  an  optical  trans- 
mitter  T3  both  coupled  to  the  individual  optical 
fiber  link  L3. 

The  optical  transmitter  T3  comprises  a  digital- 
to-analog  convertor  DAC,  e.g.  of  the  type  DAC0802 
from  National  Semiconductor,  the  enable  input  of 
which  is  connected  to  the  output  of  a  data  gener- 
ator  DG,  generating  either  an  information  signal  or 
a  15-bit  maximal  linear  code  sequence  signal  un- 
der  control  of  a  control  signal  generated  at  a  first 
output  of  a  control  unit  CU.  A  second  output  of  the 
control  unit  CU  is  connected  to  a  control  input  C  of 
the  digital-to-analog  converter  DAC  and  the  output 
of  the  latter  is  connected  to  a  laser  diode  driver  LD. 
The  output  of  the  laser  diode  driver  LD  is  con- 
nected  to  a  laser  diode  L.  The  laser  diode  driver 
LD  and  the  diode  D  are  for  instance  of  the  type 
XMT1  300-1  55  from  British  Telecom  and  Dupont  de 
Nemours.  The  diode  D  is  coupled  to  the  optical 
fiber  link  L3. 

The  above  mentioned  maximal  code  sequence 
is  the  longest  code  that  can  be  generated  by  a 
given  shift  register  or  delay  circuit  working  in  con- 
junction  with  an  appropriate  logic  feeding  back  a 
logical  combination  of  the  state  of  two  or  more  of 
its  stages  to  its  input.  Maximal  code  sequence 
signals  have  specific  properties  which  are  useful  in 
communication  systems  namely  : 

-  the  number  of  ones  minus  the  number  of 
zeros  in  a  sequence  is  equal  to  1  ; 

-  the  statistical  distribution  of  ones  and  zeros  is 
well  known  and  always  the  same; 

-  autocorrelation  of  a  maximal  linear  code  is 
such  that  the  correlation  value,  i.e.  the  num- 
ber  of  corresponding  bits  of  the  signal  minus 
the  number  of  differing  bits,  is  equal  to  -1 
when  there  is  no  match,  i.e.  when  the  signal 
is  compared  with  a  phase  shifted  replica  of 
itself,  and  has  a  peak  value  in  case  of  match; 

-  a  modulo-addition  of  a  maximal  linear  code  to 
a  phase  shifted  replica  of  itself  results  in 
another  replica  with  a  phase  shift  different 
from  either  of  the  originals. 

These  signals  are  well  known  in  the  art  and  are 
for  instance  described  in  chapter  3  of  the  book 
"Spread  Spectrum  Systems"  by  Robert  C.  Dixon, 

2nd  edition  1984,  edited  by  John  Wiley  and  Sons, 
which  also  describes  how  such  signals  are  gen- 
erated. 

The  main  station  C  is  shown  in  more  detail  in 
5  Fig.  3.  It  includes  an  optical  transmitter  Tc  and  an 

optical  receiver  Rc  both  coupled  to  the  optical  fiber 
link  L.  The  optical  receiver  Rc  includes  a  pinfet 
circuit  PFET,  e.g.  of  the  type  LOPFO120  from 
Laser  diode,  which  has  an  input  coupled  to  the 

io  optical  fiber  link  L  and  an  output  coupled  to  the 
non-inverting  input  of  an  operational  amplifier  AMP, 
e.g.  of  the  type  CLC520  from  Comlinear  Corpora- 
tion.  The  output  of  the  amplifier  AMP  is  connected 
to  an  auto-zero  circuit  AZ,  e.g.  of  the  type  LMC669 

is  from  National  Semiconductor  Corporation,  and  to  a 
module  DS  where  the  signal  is  further  processed 
depending  on  its  destination.  The  output  of  the 
auto-zero  circuit  AZ  is  coupled  to  the  inverting 
input  of  the  amplifier  AMP  and  to  the  input  IN  of  a 

20  correlator  circuit  COR  the  output  OUT  of  which  is 
coupled  to  a  processing  unit  PU  connected  to  the 
optical  transmitter  Tc.  The  transmitter  TC  is  not 
shown  in  detail.  It  differs  slightly  from  the  transmit- 
ter  T3  described  above  in  that  it  does  not  include  a 

25  digital-to-analog  convertor,  i.e.  its  data  generator  is 
directly  coupled  to  a  laser  driver  (not  shown). 

The  optical  receivers  R1  to  R3  are  also  not 
shown  in  detail  since  they  are  well  known  optical 
receiver  circuits. 

30  Following  is,  with  reference  to  Figs.  4  and  5,  a 
more  detailed  description  of  the  correlator  COR.  of 
Fig.  3. 

Fig.  4  represents  a  schematic  diagram  of  this 
correlator  COR.  It  comprises  an  analog-to-digital 

35  convertor  A/D  the  input  of  which  constitutes  the 
input  IN  of  the  correlator  COR  and  which  has  5 
outputs  D1  to  D5  each  of  which  is  connected  to  an 
input  of  an  associated  basic  correlator  circuit 
BC1/BC5  respectively.  The  ouput  of  each  basic 

40  correlator  circuit  BC1/BC5  is  connected  to  an  input 
of  a  respective  amplifier  A1/A5  and  to  one  end  of  a 
respective  resistor  R1/R5  whose  other  end  is 
grounded.  The  outputs  of  the  amplifiers  A1  to  A5 
are  each  connected  to  one  input  of  an  adder  circuit 

45  A,  the  output  OUT  of  which  is  the  output  OUT  of 
the  correlator  COR. 

One  of  the  basic  correlator  circuits,  i.e.  BC1,  is 
represented  in  relative  detail  in  Fig.  5.  It  comprises 
a  serial-to-parallel  shift  register  the  input  of  which  is 

50  the  input  IN1  of  the  basic  correlator  and  which  has 
15  outputs  each  of  which  is  connected  to  an  input 
of  a  respective  one  of  15  Exclusive-OR  circuits 
represented  by  the  block  XOR.  The  other  inputs  of 
the  Exclusive-OR  circuits  are  connected  to  a  cor- 

55  responding  one  of  15  outputs  of  a  circuit  R  locally 
generating  a  reference  signal  which  is  identical  to 
the  15  bit  maximal  linear  code  sequence  signal 
generated  by  the  data  generator  DG  of  the  optical 

4 
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transmitter  T3  (Fig.  2).  The  generation  of  maximal 
linear  code  signals  is  also  described  in  chapter  3  of 
the  earlier  mentioned  book  and  will  not  be  de- 
scribed  in  detail. 

The  outputs  of  the  Exclusive-OR  circuits  are 
each  connected  to  a  control  input  of  a  current 
generator  CG  whose  output  is  the  output  OUT1  of 
the  basic  correlator  BC1  . 

The  transmitters  of  the  substations  S1  to  S3 
are  each  adapted  to  send  optical  information  sig- 
nals  to  the  main  station  C  at  a  bitrate  of  e.g.  150 
Mb/s.  These  information  signals  are  asynchronous 
transfer  mode  cells  which  are  transmitted  in 
timeslots  assigned  by  the  main  station  C. 

Such  a  way  of  communication  in  assigned 
timeslots  is  well  known  in  the  art,  e.g.  from  the 
earlier  mentioned  article. 

When  sending  information  signals  in  the 
timeslots  assigned  to  it,  each  substation  has  to 
make  sure  that  these  signals  arrive  at  the  main 
station  in  those  assigned  time  slot  and  has  there- 
fore  to  take  into  account  its  proper  propagation 
delay,  i.e.  the  delay  elapsing  between  the  transmis- 
sion  of  an  invitation  signal  from  the  main  station  to 
the  substation  and  the  receipt  in  this  main  station 
of  an  information  signal  subsequently  sent  back  by 
the  station. 

To  achieve  this,  each  substation  delays  the 
transmission  of  its  information  signals  with  an 
equalisation  delay  equal  to  the  difference  between 
the  maximum  propagation  delay  in  the  transmis- 
sion  system,  i.e.  the  propagation  delay  of  a  substa- 
tion  situated  at  the  maximum  distance  of  the  main 
station,  and  the  propagation  delay  proper  to  the 
substation.  In  this  way  it  looks  as  if  all  substations 
were  located  at  a  predetermined  maximum  dis- 
tance  from  the  main  station. 

A  substation  cannot  start  sending  information 
signals  as  long  as  it  does  not  know  its  equalisation 
delay. 

Following  is  a  detailed  description  of  a  method 
used  to  determine  the  equalisation  delay  of  e.g.  the 
substation  S3  (Fig.  1),  it  being  supposed  that  the 
equalisation  delays  of  the  substations  S1  and  S2 
are  already  determined. 

First  a  coarse  measurement  is  performed. 
In  a  first  step  the  main  station  C  sends  a  first 

so  called  ranging  signal  to  the  substation  S3  via 
the  transmitter  TC  (Fig.  3)  and  at  the  same  time  a 
control  signal  is  sent  by  that  transmitter  to  the 
processing  unit  PU  of  the  receiver  RC  to  start  a 
counter  (not  shown)  included  in  that  processing 
unit.  This  counter  is  preset  to  a  value  equal  to  the 
maximum  propagation  delay  of  the  system  and 
starts  decounting  when  triggered  by  the  above 
mentioned  control  signal. 

The  ranging  signal  includes  a  command  for  the 
substation  S3  to  send  upon  receipt  thereof  an 

optical  reply  signal  to  the  main  station.  This  reply 
signal  is  a  15-bit  maximal  linear  code  sequence 
signal  having  a  bit  rate  of  341  Kb/s  and  being 
generated  by  the  data  generator  DG  (Fig.  2)  under 

5  control  of  the  control  unit  CU.  The  generation  of 
maximal  linear  sequence  signals  is  described  in 
the  earlier  mentioned  book  and  will  therefore  not 
be  explained  in  detail.  The  amplitude  of  the  maxi- 
mum  linear  code  signal  is  adapted  in  such  a  way 

io  by  the  digital-to-analog  convertor  DAC  under  con- 
trol  of  the  control  unit  CU  that  the  converted  reply 
signal  has  an  amplitude  which  is  10  dB  lower  than 
that  of  the  optical  information  signals  transmitted 
by  the  substations  S1  and  S2.  In  this  way  the 

is  digital-to-analog  convertor  DAC  is  not  used  to  con- 
vert  a  digital  signal  to  an  analog  one,  but  to  adapt 
the  amplitude  of  the  digital  signal  applied  to  its 
enable  input  according  to  the  control  signal  applied 
at  its  control  input  C.  The  output  signal  of  the 

20  digital-to-analog  convertor  DAC  is  applied  to  the 
laser  diode  driver  LD  to  modulate  the  amplitude  of 
the  optical  signal  produced  by  the  laser  diode  D 
with  that  signal.  The  thus  obtained  modulated  sig- 
nal  is  transmitted  to  the  main  station  C  via  the 

25  optical  fiber  links  L3  and  L.  Since  the  reply  signal 
has  a  low  amplitude  and  a  low  bitrate  compared  to 
the  amplitude  and  bitrate  of  the  mentioned  informa- 
tion  signals,  it  does  not  interfere  therewith,  so  that 
the  stations  S1  and  S2  can  continue  sending  in- 

30  formation  signals  over  the  optical  fiber  L  during  the 
coarse  measurement. 

The  optical  reply  signal  is  received  at  the  main 
station  C  together  with  information  signals  sent  by 
the  stations  S1  and  S2.  There  they  are  applied  to 

35  the  input  of  the  pinfet  circuit  PFET  of  the  receiver 
RC  (Fig.  3).  The  received  signals  are  converted  to 
an  analog  signal  which  is  fed  to  the  non-inverting 
input  of  the  amplifier  AMP.  The  signal  provided  at 
the  output  of  the  amplifier  AMP  is  fed  to  the  input 

40  of  the  auto  zero  circuit  AZ.  This  circuit  isolates  the 
information  signals  from  other  low  frequency  sig- 
nals,  in  this  case  the  optical  reply  signal,  received 
simultaneously  therewith  and  of  a  possible  DC  off- 
set  caused  by  the  amplifier  AMP  and  generates  at 

45  its  output  these  other  low  frequency  signals  and 
DC  offset  which  are  applied  to  the  inverting  input  of 
the  amplifier  AMP.  In  this  way  only  the  information 
signals  are  produced  at  the  output  of  the  amplifier 
AMP.  These  are  further  processed  by  the  module 

50  DS.  More  details  concerning  the  auto  zero  circuit 
AZ  can  be  found  in  the  data  sheet  of  the  used 
LMC669  circuit  of  National  Semiconductor  Corpora- 
tion. 

The  output  signal  of  the  auto  zero  circuit  AZ  is 
55  also  applied  to  the  input  IN  of  the  correlator  COR 

where  it  is  compared  with  a  reference  signal  which 
is  identical  to  the  15  bit  maximal  linear  code  se- 
quence  signal  to  make  sure  that  the  isolated  low 

5 
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frequency  signal  is  indeed  the  reply  signal. 
This  is  done  in  the  following  way. 
The  above  mentioned  output  signal  is  applied 

to  the  input  IN  of  the  analog-to-digital  convertor  A/D 
(Fig.  4)  and  is  converted  to  a  5-bit  digital  signal  of 
which  the  most  significant  bit  is  provided  at  its 
output  D1  connected  to  BC1  via  its  input  IN1,  the 
second  bit  is  provided  at  output  D2  and  connected 
to  BC2  via  its  input  IN2,  and  so  on  until  the  least 
significant  bit  which  is  provided  at  the  output  D5 
connected  to  BC5  via  its  input  IN5.  Each  of  the 
basic  correlators  e.g.  BC1  (Fig.  5)  compares  by 
means  of  the  15  Exclusive  OR  circuits  XOR  the 
values  of  15  consecutive  bits  applied  at  its  input 
IN1  with  the  values  of  the  15  bit  maximal  code 
sequence  signal,  generated  by  the  circuit  R.  The 
outputs  of  the  Exclusive-OR  circuits  control  the 
current  generator  CG  to  produce  for  each  control 
input  a  negative  current  with  a  fixed  value  for  a  one 
input  value  i.e.  when  there  is  no  match  of  the 
compared  bits,  and  a  positive  current  with  a  fixed 
value  for  a  zero  input  value,  i.e.  when  there  is  a 
match  of  the  compared  bits.  Due  to  the  earlier 
mentioned  characteristic  of  a  maximal  linear  code 
sequence  signal  concerning  autocorrelation  the 
current  produced  at  the  output  of  the  current  gen- 
erator  and  therefore  at  the  output  OUT1  of  the 
basic  correlator  BC1  has  a  value  equal  to  the 
above  mentioned  negative  value  when  the  refer- 
ence  signal  is  compared  with  a  phase  shifted  rep- 
lica  of  itself,  a  value  equal  to  15  times  the  above 
mentioned  positive  current  in  case  of  exact  match 
and  a  value  in  between  these  two  values  in  case  of 
comparison  with  another  signal. 

In  case  of  ideal  transmission  without  distortion, 
comparison  of  the  signal  provided  at  the  output  D1 
of  the  analog/digital  convertor  A/D  with  the  refer- 
ence  signal  would  be  sufficient  to  recognize  the 
above  mentioned  first  reply  signal.  However,  due  to 
distortion,  there  will  not  be  an  exact  match.  For  this 
reason  the  signals  produced  at  the  other  outputs 
D2  to  D5  of  the  analog-to-digital  convertor  A/D  are 
in  addition  compared  with  the  reference  signal  by 
the  basic  convertors  BC2  to  BC5  respectively. 

The  resistances  R1  to  R5  are  weighting  resis- 
tances  which  have  different  values  :  R2  equals 
R1/2,  R3  equals  R1/4,  R4  equals  R1/8  and  R5 
equals  R1/16.  In  this  way  a  weight  is  assigned  to 
the  output  signals  of  the  basic  correlators  BC1  to 
BC5,  the  output  signal  of  BC1  having  the  highest 
weight  since  this  signal  is  the  nearest  to  the  ex- 
pected  result  signal  of  the  correlation.  The  output 
signals  of  the  basic  correlators  are  amplified  by  the 
respective  amplifiers  A1  to  An  and  added  by  the 
adder  A. 

The  output  signal  of  the  correlator  COR  has  a 
triangular  form.  It  is  applied  to  the  input  of  the 
processing  unit  PU  (Fig.  3)  to  stop  the  earlier 

mentioned  counter  (not  shown)  included  therein. 
The  processing  unit  PU  then  determines  the 
elapsed  time  interval  which  is  equal  to  the 
equalisation  delay  of  the  substation  S3  and  com- 

5  municates  this  delay  to  the  substation  S3  via  the 
transmitter  TC,  over  the  optical  fiber  links  L  and  L3, 
and  via  the  receiver  R3. 

When  more  than  one  substation  reacts  upon 
the  mentioned  first  ranging  signal,  an  according 

io  number  of  reply  signals  is  received  by  the  main 
station  C  within  a  time  interval  equal  to  the  maxi- 
mum  propagation  delay  of  the  system.  In  that  case 
no  equalisation  delay  is  determined  and  commu- 
nicated  to  the  substations.  The  main  station  goes 

is  on  periodically  sending  ranging  signals  and  the 
substations  which  did  not  receive  their  determined 
equalisaiton  delay  each  skip  a  local  random  num- 
ber  of  ranging  signals  before  replying.  In  this  way 
the  possibility  of  two  substations  sending  a  reply 

20  signal  on  the  same  ranging  signal  is  much  lower. 
This  means  however  that  after  receipt  of  a  first 
reply  signal,  the  main  station  has  to  wait  for  a  time 
interval  equal  to  the  maximum  propagation  delay  of 
the  system  before  determining  the  related  equalisa- 

25  tion  delay  and  sending  the  value  of  that  delay  to 
the  concerned  substation. 

The  uncertainty  time  interval  with  which  the 
equalisation  delay  of  the  subscriber  S3  is  deter- 
mined  is  equal  to  the  uncertainty  time  interval  with 

30  which  the  mentioned  counter  is  stopped.  This  inter- 
val  is  determined  by  the  base  width  of  the  triangle 
pulse.  In  the  considered  system  this  width  is  equal 
to  the  time  equivalent  of  2  cells.  Thus  the  equalisa- 
tion  delay  of  the  substation  S3  is  determined  with  a 

35  resolution  of  plus/  minus  1  cell. 
In  order  to  determine  a  more  accurate 

equalisation  delay  a  fine  measurement  is  executed. 
To  this  end  a  second  ranging  signal  is  sent 

from  the  main  station  C  to  the  substations  S1  to  S3 
40  via  the  transmitter  TC  (Fig.  3)  while  starting  the 

decount  of  a  second  counter  (not  shown)  clocked 
with  the  system  clock  (also  not  shown)  and  preset 
at  a  value  which  is  equal  to  the  maximum  propaga- 
tion  delay  of  the  system  plus  the  coarse  equalisa- 

45  tion  delay  of  the  substation  S3  plus  the  time  equiv- 
alent  of  one  cell.  Upon  receipt  of  this  signal  each  of 
these  substations  S1  and  S2  is  allowed  to  continue 
the  sending  of  information  signals  for  a  time  inter- 
val  equal  to  its  equalisation  delay.  Afterwards  trans- 

50  mission  is  inhibited  for  a  period  equal  to  the  men- 
tioned  uncertainty  period  of  2  cells. 

Upon  receipt  of  the  second  ranging  signal,  the 
substation  S3  waits  for  a  time  interval  equal  to  the 
previously  determined  coarse  equalisation  delay 

55  plus  1  cell  and  then  transmits  a  second  reply  signal 
to  the  main  center  C  with  the  same  signal  char- 
acteristics  as  the  information  signals.  As  a  con- 
sequence  the  second  reply  signal  is  transmitted 

6 



9 EP  0  521  197  A1 10 

over  the  common  fiber  link  L  in  a  time  slot  lying 
within  a  time  interval  of  2  cells  during  which  none 
of  the  substations  S1  or  S2  sends  information 
signals.  Indeed,  by  stopping  transmission  after  their 
respective  equalisation  delay  has  elapsed,  the  sub- 
stations  S1  and  S2  act  as  if  they  were  located  at  a 
maximum  distance  from  the  main  station  where 
they  together  stop  transmission  at  an  instant  T. 
Likewise,  by  waiting  for  a  time  interval  equal  to  its 
previously  determined  intermediate  equalisation 
delay  plus  1  cell  before  sending  the  alternative 
reply  signal  the  substation  S3  acts  as  if  it  were  also 
located  at  the  maximum  distance  where  it  sends 
that  reply  signal  at  the  time  equivalent  of  1  cell 
after  the  instant  T.  Since  the  intermediate  equalisa- 
tion  delay  of  substation  S3  has  a  resolution  of 
plus/minus  1  cell  and  since  the  second  reply  signal 
is  sent  in  the  middle  of  the  wait  time  of  2  cells,  it  is 
transmitted  over  the  common  link  L  within  the 
timeslot  of  2  cells  during  which  the  other  substa- 
tions  S1  and  S2  stopped  their  transmission. 

The  second  reply  signal  received  by  the  main 
station  is  processed  in  the  same  way  as  an  in- 
formation  signal  while  the  above  mentioned  second 
counter  (not  shown)  is  stopped.  The  uncertainty 
time  interval  with  which  the  equalisation  delay  is 
determined  in  this  fine  measurement  is  not  deter- 
mined  by  the  uncertainty  time  interval  with  which 
the  counter  is  stopped  since  this  interval  is  very 
small,  but  by  the  resolution  of  the  counter  which 
corresponds  to  the  resolution  of  the  clock  with 
which  the  counter  is  clocked,  i.e.  plus/minus  1  bit. 
Thus  a  more  accurate  equalisation  delay  of  the 
substation  S3  is  obtained.  It  has  to  be  noted  that  as 
well  the  intermediate  as  the  accurate  equalisation 
delay  of  the  substation  S3  could  be  determined  by 
the  latter.  To  make  this  possible,  the  main  station  C 
has  to  send  an  acknowledge  signal  to  the  substa- 
tion  S3  upon  receipt  of  the  first  reply  signal  during 
coarse  measurement,  or  of  the  second  reply  signal 
during  fine  measurement.  The  intermediate  and 
accurate  equalisation  delays  can  then  be  deter- 
mined  by  the  substation  S3  from  the  time  of  send- 
ing  the  first,  respectively  second  reply  signal,  the 
time  of  receiving  the  first,  respectively  second  ac- 
knowledge  signal  and  the  maximum  propagation 
delay  of  the  system. 

The  equalisation  delay  of  substation  S3  could 
be  measured  in  one  step  with  the  same  accuracy 
as  by  the  fine  measurement  part  of  the  method  by 
using  the  known  method  of  measuring  the  time 
interval  between  the  sending  of  a  ranging  signal 
from  the  main  station  to  the  substation  S3  and  the 
receipt  of  a  reply  signal  with  the  same  signal 
characteristics  as  the  information  signal.  However, 
in  that  case  the  other  substations  S1  and  S2  have 
to  stop  sending  information  signals  during  at  least 
the  maximum  propagation  delay  of  the  system  to 

avoid  interference  between  those  information  sig- 
nals  and  the  reply  signal. 

While  the  principles  of  the  invention  have  been 
described  above  in  connection  with  specific  ap- 

5  paratus,  it  is  to  be  clearly  understood  that  this 
description  is  made  only  by  way  of  example  and 
not  as  a  limitation  on  the  scope  of  the  invention. 

Claims 
10 

1.  Method  for  determining  a  first  equalisation  de- 
lay  to  be  used  in  a  first  substation  (S3)  of  a 
transmission  system  including  also  at  least  a 
second  substation  (S1/S2),  with  a  known  sec- 

15  ond  equalisation  delay,  and  a  main  station  (C) 
which  is  coupled  to  said  first  and  second  sub- 
stations  via  the  cascade  connection  of  a  com- 
mon  link  (L)  and  respective  individual  first  (L3) 
and  second  (L1/L2)  links,  the  first  and  second 

20  equalisation  delays  being  such  that  when  the 
sending  of  information  signals  to  said  main 
station  (C)  by  said  first  (S3)  and  second 
(S1/S2)  substations  is  delayed  with  their  re- 
spective  first  and  second  equalisation  delays, 

25  the  propagation  delays  between  said  main  sta- 
tion  (C)  and  each  of  said  first  (S3)  and  second 
(S1/S2)  substations  and  back  are  equal  to  a 
predetermined  propagation  delay,  said  method 
including  the  steps  of 

30  -  executing  a  coarse  measurement  to  de- 
termine  for  said  first  substation  an  inter- 
mediate  equalisation  delay  with  a  first 
predetermined  uncertainty  time  interval; 
and 

35  -  executing  a  fine  measurement  while  the 
sending  of  said  information  signals  is  in- 
terrupted  at  all  substations,  except  the 
first  one,  for  at  least  said  first  predeter- 
mined  uncertainty  time  interval,  said  fine 

40  measurement  taking  into  account  said  in- 
termediate  equalisation  delay  to  deter- 
mine  said  first  equalisation  delay  with  a 
second  predetermined  uncertainty  time 
interval  which  is  lower  than  said  first  pre- 

45  determined  uncertainty  time  interval. 

2.  Method  according  to  claim  1,  wherein  said 
coarse  measurement  includes  the  steps  of: 

-  sending  a  first  ranging  signal  from  said 
50  main  station  (C)  to  said  first  substation 

(S3); 
-  sending,  upon  receipt  of  said  first  rang- 

ing  signal  by  said  first  substation  (S3),  a 
first  reply  signal  from  said  first  substation 

55  (S3)to  said  main  station  (C),  said  first 
reply  signal  being  such  that  it  does  not 
interfere  with  said  information  signals; 

-  receiving,  isolating  and  recognizing  said 

7 
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first  reply  signal  at  said  main  station  (C); 
-  determining  at  said  main  station  (C)  an 

intermediate  equalisation  delay  for  said 
first  substation  (S3)  based  on  the  time  of 
sending  said  first  ranging  signal,  the  time  5 
of  recognising  said  first  reply  signal  and 
said  predetermined  propagation  delay, 
said  intermediate  equalisation  delay  be- 
ing  determined  with  a  first  predetermined 
uncertainty  time  interval.  10 

Method  according  to  claim  1  wherein  said 
coarse  measurement  includes  the  steps  of  : 

-  sending  a  first  ranging  signal  from  said 
main  station  (C)  to  said  first  substation  is 
(S3); 

-  sending  upon  receipt  of  said  first  ranging 
signal  by  said  first  substation  (S3)  a  first 
reply  signal  from  said  first  substation 
(S3)  to  said  main  station  (C),  said  first  20 
reply  signal  being  such  that  it  does  not 
interfere  with  said  information  signals; 

-  receiving,  isolating  and  recognizing  said 
first  reply  signal  at  said  main  station  (C); 

-  sending  upon  receipt  of  said  first  reply  25 
signal  by  said  main  station  (C)  a  first 
acknowledge  signal  to  said  first  substa- 
tion  (S3); 

-  determining  at  said  first  substation  (S3) 
an  intermediate  equalisation  delay  for  30 
said  first  substation  (S3)  based  on  the 
time  of  sending  said  first  reply  signal,  the 
time  of  receiving  said  first  acknowledge 
signal  and  said  predetermined  propaga- 
tion  delay,  said  intermediate  equalisation  35 
delay  being  determined  with  a  first  pre- 
determined  uncertainty  time  interval. 

-  determining  said  first  equalisation  delay 
based  on  the  time  of  sending  said  sec- 
ond  ranging  signal,  the  time  of  receiving 
said  second  reply  signal  at  said  main 
station  (C)  and  said  predetermined  prop- 
agation  delay. 

5.  Method  according  to  claim  2  or  3  wherein  said 
fine  measurement  includes  the  steps  of  : 

-  sending  a  second  ranging  signal  from 
said  main  station  (C)  to  said  first  (S3) 
and  second  (S1/S2)  substations; 

-  sending  a  second  reply  signal  from  said 
first  substation  (S3)  to  said  main  station 
(C),  starting  a  time  interval  equal  to  said 
intermediate  equalisation  delay  plus  half 
of  said  uncertainty  time  interval  after  the 
receipt  of  said  second  ranging  signal  at 
said  first  substation  (S3); 

-  interrupting  during  at  least  said  first  pre- 
determined  uncertainty  time  interval  the 
sending  of  said  information  signals  at 
said  first  substation  (S1/S2),  starting  a 
time  interval  equal  to  said  second 
equalisation  delay  after  the  receipt  of 
said  second  ranging  signal  at  said  sec- 
ond  substation; 

-  sending  upon  receipt  of  said  second  re- 
ply  signal  at  said  main  station  a  second 
acknowledge  signal  to  said  first  substa- 
tion  (S3); 

-  determining  at  said  first  substation  (S3) 
said  first  equalisation  delay  based  on  the 
time  of  sending  said  second  reply  signal, 
the  time  of  receiving  said  second  ac- 
knowledge  signal  and  said  predeter- 
mined  propagation  delay. 

Method  according  to  claim  2  or  3  wherein  said 
fine  measurement  includes  the  steps  of: 

-  sending  a  second  ranging  signal  from 
said  main  station  (C)  to  said  first  (S3) 
and  second  (S1/S2)  substations; 

-  sending  a  second  reply  signal  from  said 
first  substation  (S3)  to  said  main  station 
(C),  starting  a  time  interval  equal  to  said 
intermediate  equalisation  delay  plus  half 
of  said  uncertainty  time  interval  after  the 
receipt  of  said  second  ranging  signal  at 
said  first  substation  (S3); 

-  interrupting  during  at  least  said  first  pre- 
determined  uncertainty  time  interval  the 
sending  of  said  information  signals  at 
said  second  substation  (S1/S2),  starting  a 
time  interval  equal  to  said  second 
equalisation  delay  after  the  receipt  of 
said  second  ranging  signal  at  said  sec- 
ond  substation; 

6.  Method  according  to  claim  1,  wherein  said 
40  transmission  system  is  an  optical  transmission 

system. 

7.  Method  according  to  claim  1,  wherein  said 
predetermined  propagation  delay  is  the  maxi- 

45  mum  propagation  delay  of  said  transmission 
system. 

8.  Method  according  to  claim  2  or  3,  wherein  said 
first  reply  signal  is  a  signal  having  a  frequency 

50  and  an  amplitude  such  that  said  first  reply 
signal  does  not  interfere  with  said  information 
signal. 

9.  Transmission  system  for  applying  the  method 
55  according  to  any  of  the  claims  1  to  8  char- 

acterized  in  that  it  includes  a  receiver  (RC) 
with  a  differential  amplifier  (AMP)  having  a  first 
input  to  which  is  applied  an  input  signal  com- 

8 
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prising  said  information  signals  and  said  first 
reply  signal  and  whose  output  is  coupled  to  a 
second  input  of  said  amplifier  via  separation 
means  (AZ)  wherein  said  first  reply  signal  is 
separated  from  said  information  signal  and  5 
whose  output  is  also  coupled  to  a  recognition 
circuit  (COR)  to  recognize  said  first  reply  sig- 
nal. 

10.  Transmission  system  according  to  claim  9,  10 
wherein  said  recognition  circuit  comprises  a 
correlator  (COR)  to  correlate  said  first  reply 
signal  with  a  reference  signal  and  to  produce 
at  its  output  a  result  signal  indicative  of  the 
result  of  said  correlation.  is 

11.  Transmission  system  according  to  claim  10, 
wherein  said  first  reply  signal  has  a  predeter- 
mined  format  which  is  such  that  the  result 
signal  at  the  output  of  said  correlator  is  a  one-  20 
pulse  signal  when  said  first  reply  signal  is 
recognized. 

25 
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