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@)  Method  for  the  adaptive  control  of  a  digital  echo  canceller  in  a  telecommunication  system. 
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(57)  The  echo  canceller  digital  filter  is  first  set  to 
zero.  Then  a  test  signal  is  sent  through  the 
down  link  to  the  echo  canceller  and  the  filter 
taps  are  adjusted  until  the  echo  signal  in  the  up 
link  to  the  echo  canceller  is  less  than  a  pre- 
determined  stored  reference  level.  The  test  sig- 
nal  is  then  removed  and  the  number  of  filter 
taps  having  signal  samples  nearing  zero  and/or 
the  number  of  filter  taps  having  significant  sig- 
nal  samples  is  determined  and  thereafter  the 
taps  having  non-significant  signal  samples  are 
eliminated  for  making  the  echo  canceller  ready 
for  operation. 
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Field  of  the  invention 

The  present  invention  relates  to  the  elimination  of 
the  echo  signals  in  telecommunication  links,  more 
particularly  in  satellite  telecommunication  links. 

Background  of  the  invention 

When  an  impulse  is  received  at  the  input  of  a  ter- 
minal  station  from  a  far-end  terminal  station  an  im- 
pulse  echo  is  produced  in  the  return  path  towards  the 
far-end  terminal  station.  The  echo  signals  are  current- 
ly  eliminated  by  connecting  an  echo  canceller  at  the 
terminal  stations  of  the  telecommunication  system. 

In  particular,  digital  echo  cancellers  are  used  to 
provide  an  echo  estimate  of  the  incoming  signal, 
which  echo  estimate  is  subtracted  from  the  echo  sig- 
nal  produced  in  the  return  path.  A  digital  echo  cancel- 
ler  essentially  comprises  a  digital  filter  including  a 
number  of  delay  cells.  Such  afilter  is  controlled  by  ad- 
justing  the  coefficients  of  each  cell  in  such  a  way  as 
to  obtain  the  suitable  impulse  response  which  is  a 
fairly  exact  replica  of  the  echo  signal. 

An  echo  impulse  appearing  in  an  up  link  shows  a 
response  curve  that  depends  on  the  delay  created  by 
the  user  terminal  circuits.  These  circuits  include  a  4- 
wire  circuit  directly  connected  to  the  up  and  down 
links  and  a  2-wire  circuit  connected  to  the  user  side. 
Each  of  said  circuits  generates  a  respective  delay  and 
produces  in  the  return  path  echo  samples  which  ex- 
tend  over  a  relatively  long  period  of  time. 

The  total  delay  introduced  by  these  circuits,  and 
consequently  the  number  of  samples,  currently  va- 
ries  from  one  telephone  link  to  the  other.  Therefore 
the  echo  cancellers  used  so  far  in  the  satellite  com- 
munication  systems  are  controlled  to  cover  the  major 
part  of  the  echo  samples  produced  both  by  the  4-wire 
and  2-wire  circuits.  By  way  of  consequence,  the  fil- 
ters  used  in  these  known  digital  echo  cancellers  must 
comprise  a  great  number  of  delay  cells,  the  control  of 
which  requires  a  great  number  of  filter  taps  to  be  ad- 
justed  and  high  computer  power  and  time  for  perform- 
ing  the  required  control. 

Summary  of  the  invention 

It  is  the  object  of  the  invention  to  reduce  the  num- 
ber  of  filter  taps  to  be  adjusted  in  a  digital  echo  can- 
cellerand  thereby  to  reduce  the  total  time  required  for 
controlling  the  echo  canceller  and  the  computer  pow- 
er  required  for  operating  a  digital  echo  canceller. 

Accordingly,  this  invention  provides  a  method  for 
an  adaptive  and  fast  control  of  an  echo  canceller  dig- 
ital  filter. 

Briefly,  use  is  made  of  a  test  signal  which  is 
launched  through  an  incoming  or  down  link  to  a  ter- 
minal  station  and  the  digital  filter  is  adjusted  using  the 
impulse  response  from  the  echo  path. 

Brief  description  of  the  drawings 

Fig.  1  is  a  schematic  diagram  of  a  digital  echo 
canceller  connected  to  a  user  terminal. 

5  Fig.  2  shows  the  typical  impulse  response  of  an 
exemplary  echo  signal. 

Fig.  3  illustrates  the  configuration  of  a  digital 
echo  canceller  operating  in  accordance  with  the  in- 
vention. 

10  Fig.  4  is  a  flow  chart  illustrating  the  adaptive  con- 
trol  method  of  the  invention. 

Description  of  the  invention 

15  Fig.  1  schematically  represents  a  user  terminal 
10  having  a  local  subscriber  set  11  connected  thereto. 
The  user  terminal  10  is  connected  to  a  down  link  12 
and  an  up  link  13  which  establish  communications 
with  a  communication  satellite.  The  terminal  10  com- 

20  prises  4-wire  circuits  for  connection  to  the  down  link 
12  and  the  up  link  13  and  2-wire  circuits  for  connec- 
tion  to  the  subscriber  set.  Between  the  down  and  up 
links  there  is  connected  a  digital  echo  canceller  14 
having  the  task  to  eliminate  the  echo  signals  p(k)  pro- 

25  duced  in  the  up  link  13  by  the  signals  a(k)  received  in 
the  down  link  12. 

The  echo  canceller  14  essentially  comprises  a 
digital  filter  15,  the  input  of  which  is  connected  to  re- 
ceive  the  incoming  signals  in  the  down  link  12.  The 

30  digital  filter  1  5  comprises  a  plurality  of  delay  cells  hav- 
ing  respective  taps  denoted  C0  ...  CX-i,  Cx,  ...  CY... 
CN. 

The  echo  canceller  uses  the  samples  from  the  fil- 
ter  taps  to  construct  an  impulse  replica  er(k)  of  the 

35  echo  signal  p(k)  and  substract  it  from  the  echo  signal 
p(k)  in  a  subtractor  16  whereby  the  echo  signal  is 
eliminated  from  the  useful  signal  q(k)  being  sent  in 
the  up  link. 

Fig.  2  shows  a  typical  impulse  response  of  an 
40  echo  path.  The  impulse  response  can  be  divided  into 

three  parts  :  a  first  part  wherein  the  samples  have  all 
a  zero  value  (his  part  comprises  the  sample  0  to  11), 
a  second  part  (samples  12  to  27)  wherein  the  samples 
have  non-zero  values,  and  a  third  part  (from  sample 

45  28  onwards)  wherein  the  samples  have  a  substantial- 
ly  zero  value.  The  task  assigned  to  the  echo  canceller 
is  to  synthesize  an  echo  replica  er(k)  having  exactly 
the  same  response  as  the  echo  response  p(k). 

The  usual  method  for  synthesizing  the  echo  rep- 
50  lica  consists  in  using  the  samples  included  in  the  first 

and  second  parts  of  the  impulse  response.  The  sam- 
ples  included  in  the  third  part  of  the  impulse  response 
are  omitted  since  they  can  only  give  a  very  small  con- 
tribution  to  the  total  echo  signal. 

55  This  invention  provides  a  method  capable  of  au- 
tomatically  determining  the  number  of  filter  cells  in 
which  the  samples  have  a  zero  value,  thereby  making 
it  possible  to  control  the  echo  canceller  such  that  it 
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can  operate  with  the  samples  included  in  the  second 
part  only  of  the  impulse  response.  When  it  is  control- 
led  in  accordance  with  the  invention,  the  echo  cancel- 
ler  operates  as  depicted  in  Fig.  3. 

The  method  of  this  invention  is  described  here-  5 
after  with  reference  to  the  flow  chart  shown  in  Fig.  4. 
The  method  is  carried  out  by  a  processor  (known  per 
se)  under  the  control  of  a  suitable  software. 

The  control  method  starts  at  block  100.  The  first 
step  consists  in  setting  X  to  0  and  Y  to  a  value  N  as  10 
large  as  possible  (block  101).  Then  a  test  signal  is 
sent  in  the  down  link  (block  1  02)  and  the  filter  taps  are 
adjusted  to  achieve  echo  canceller  convergence 
(block  103).  The  processor  monitors  the  value  of  the 
echo  signal  p(k)  in  the  return  path  and  compares  15 
same  with  a  stored  reference  value  (block  104). 

When  the  residual  echo  is  lower  than  the  refer- 
ence  value,  the  test  signal  is  removed  and  the  filter 
coefficients  are  freezed  (block  105)  in  order  to  find 
the  number  X  of  coefficients  having  a  zero  value  20 
(block  106).  Thereafter,  the  processor  defines  and 
stores  the  numbers  X  and  Y  (block  107).  The  value  Y 
is  computed  from  the  maximum  delay  in  a  subscriber 
2-wire  loop,  e.g.  2  ms  par  sample  time  slot  for  a  tele- 
phone  system  with  125  ŝ  sample  time  slots.  The  re-  25 
quired  number  of  filter  taps  will  thus  be  16. 

The  taps  C0  -  Cx.  1  are  then  omitted,  which  termin- 
ates  the  process  (block  108).  The  echo  canceller  is 
thus  ready  to  operate  with  the  configuration  as  shown 
in  Fig.  3.  In  operation,  only  the  samples  provided  in  30 
the  second  part  of  the  impulse  response  are  thereby 
used  by  the  echo  canceller  to  synthesize  the  echo 
replica's  er(k). 

Claims 

1.  A  method  for  the  adaptive  control  of  a  digital  filter 
in  a  digital  echo  canceller  connected  to  up  and 
down  telecommunication  links,  said  digital  filter  40 
having  a  plurality  of  delay  cell  taps  the  method 
comprising  the  steps  of: 

(a)  setting  the  digital  filter  to  zero, 
(b)  sending  a  test  signal  through  the  down  tel- 
ecommunication  link,  45 
(c)  adjusting  the  filter  taps  until  the  echo  sig- 
nal  in  the  up  telecommunication  link  is  less 
than  a  predetermined  stored  reference  level, 
(d)  removing  the  test  signal, 
(e)  fixing  the  filter  taps,  50 
(f)  determining  the  number  of  f  iltertaps  having 
signal  samples  nearing  zero  and/or  the  num- 
ber  of  filter  taps  having  significant  signal  sam- 
ples,  and 
(g)  eliminating  the  taps  having  non-significant  55 
signal  samples  for  operation  of  the  digital 
echo  canceller. 
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