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Description 

Technical  field 
The  present  invention  relates  to  an  apparatus 

in  transmitting  digital  signals,  each  sent  with  its 
own  frequency,  for  correcting  frequency-depen- 
dent  attenuation  in  the  transmitting  medium, 
said  apparatus  including  a  filter  means  where  at 
least  one  of  the  frequencies  can  be  attenuated 
such  as  to  retain  a  desired  relationship  between 
the  amplitudes  of  the  signals  associated  with 
different  frequencies. 

Background  art 
Frequency-dependent  attenuation  of  a  trans- 

mitting  medium  can  be  corrected  by  a  filter  with 
an  adjustable  frequency  characteristic.  In  adjust- 
ing  such  a  filter  there  is  required  knowledge  of 
the  attenuation  properties  of  the  channel  in  ques- 
tion  and  a  new  adjustment  is  required  for  alter- 
ations  in  the  channel,  e.g.  alterations  due  to  re- 
disposition  of  the  cable  etc.  Should  there  be  an 
alteration  in  the  channel,  there  is  an  obvious  risk 
that  the  filter  adjustment  is  forgotten  or  that  an 
adjustment  is  incorrect. 

In  the  US  Patent  No.  3,205,442  is  shown  an 
automatic  equalizer  for  frequency  shift  signals, 
which  are  transmitted  by  a  transmission  line  with 
differential  attenuation.  The  incoming  signal  has 
two  different  frequencies  with  different 
amplitudes  and  the  equalizer  has  a  comple- 
mentary  network,  in  which  the  incoming  signal  is 
amplitude  compensated.  The  complementary 
network  is  controlled  by  signals  from  a  loop  to 
which  the  incoming  signal  also  is  connected.  The 
loop  comprises  a  logarithmic  network,  an 
envelope  detector  and  a  rectifier.  The  logarithmic 
network  reproduces  the  incoming  signal,  but 
with  the  amplitude  difference  being  proportional 
to  the  transmission  equivalent  for  the  trans- 
mission  line.  The  logarithmic  network  cooperates 
with  the  envelope  detector  and  the  rectifier  to 
generate  the  control  signal,  a  direct  current 
signal,  for  the  amplitude  compensation.  The 
equalizer  compensates  automatically  for  differ- 
ent  attenuation  in  different  transmission  lines  but 
has  the  disadvantage  that  the  attenuation  charac- 
teristics  of  the  transmission  line  must  be  known. 

To  avoid  these  difficulties,  filters  are  used  with 
a  variable  frequency  characteristic,  which  can  be 
controlled  in  cable  transmission  by  a  DC  current 
applied  to  the  line,  the  strength  of  the  current 
being  dependent  on  the  length  of  the  line.  Since 
the  channel  signal  attenuation  is  not  unambigu- 
ously  related  to  the  strength  of  the  DC  current, 
compensation  will  be  incomplete,  resulting  in 
that  a  transmitted  signal  can  be  wrongly 
detected. 

Disclosure  of  invention 
The  above  problems  are  solved  in  accordance 

with  the  invention  by  the  received  signal  voltage 
being  detected  and  the  amplitude  differences 
between  signals  associated  with  different  fre- 
quencies  being  used  to  control  the  filter  attenua- 

tion.  The  invention  is  characterized  by  the  dis- 
closures  of  the  accompanying  claims. 

Brief  description  of  drawings 
5  The  invention  will  now  be  described  in  detail  in 

connection  with  the  appended  drawing  where 
Figure  1a  is  a  diagram  of  the  frequency-depen- 
dent  attenuation  in  two  different  transmission 
cables,  Figure  1b  is  a  diagram  of  the  frequency 

w  characteristic  of  a  compensation  filter,  Figure  2  is 
a  block  diagram  of  a  demodulator  provided  with 
an  apparatus  in  accordance  with  the  invention 
for  correcting  frequency-dependent  attenuation 
in  transmitting  four  different  frequencies.  Figure 

15  3  is  a  diagram  showing  the  time  variation  of  the 
signals  at  different  instants  in  this  demodulator, 
Figure  4  is  a  block  diagram  of  a  further  demodu- 
lator  for  correcting  attenuation  in  transmitting 
two  frequencies  and  Figure  5  is  a  diagram  show- 

20  ing  the  signals  in  this  demodulator. 

Best  mode  for  carrying  out  the  invention 
Figure  1a  illustrates  how  signals  are  attenuated 

in  transmission  in  two  separate  cables  with 
25  different  lengths  corresponding  to  graphs  a  and 

b  in  the  diagram,  in  which  A  is  the  signal 
amplitude  level  and  f  its  frequency.  For  low 
frequencies,  the  cables  attenuate  the  amplitude 
to  the  respective  given  levels  A1  and  A2,  and  for 

30  increasing  frequency  the  attenuation  in  the 
longer  cable  increases  at  a  frequency  fa  accord- 
ing  to  the  graph  a  and  the  attenuation  of  the 
shorter  cable  increases  at  a  frequency  fb  accord- 
ing  to  the  graph  b.  Figure  1b  illustrates  two 

35  characteristics  1  and  2  for  a  variable  filter,  which 
can  compensate  for  the  attenuation  of  the  long 
and  the  short  cable.  The  transmitted  signals  have 
the  frequencies  fO,  f1,  f2  and  f3  and  the  filter  is 
conventionally  selected  so  that  its  attenuation  is 

40  fixed  at  the  highest  of  these  frequencies,  fO,  but 
can  be  varied  for  the  remaining  frequencies.  This 
may  be  carried  out  with  the  aid  of  control  signals 
which  change  the  filter  parameters,  e.g.  by 
changing  the  resistance  of  a  field  effect  tran- 

45  sistor.  With  full  compensation,  all  the  signals 
after  the  filter  up  to  the  highest  desired  fre- 
quency  fO  will  be  attenuated  to  the  same  level. 
Since  the  characteristic  of  the  filter  can  be  varied 
for  the  transmitted  frequencies,  the  filter  can 

so  completely  compensate  the  received  signal  in 
spite  of  the  filter  characteristic  for  intermediate 
frequencies  not  completely  corresponding  to  the 
cable  attenuation. 

Figure  2  is  a  block  diagram  of  a  demodulator 
55  provided  with  a  variable  filter  5,  and  which  will 

now  be  described  in  connection  with  the  signal 
diagrams  in  Figure  3,  where  t  denotes  the  time.  A 
digital  signal  U1  with  the  values  0,  1,  2  and  3  can 
be  conventionally  converted  to  a  signal  U2  by 

60  frequency  shift  modulation.  The  signal  is  divided 
into  time  intervals  where  each  interval  contains 
one  of  the  frequencies  fO,  f1,  f2  or  f3  in  corre- 
spondence  to  the  values  0,  1,  2  and  3  in  the 
digital  signal.  All  the  intervals  in  the  figure  are  of 

65  the  same  length  in  the  example,  although  this  is 
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ot  necessary.  The  modulated  signal  U2  is  attenu- 
ted  during  transmission,  as  described  in  connec- 
ion  with  Figure  1a,  so  that  the  receiver  obtains  a 
ignal  U3  with  varying  amplitude.  This  signal 
lasses  the  filter  5,  the  characteristic  of  which  can 
ie  varied  at  the  frequencies  f1,  f2  and  f3  as 
lescribed  in  connection  with  Figure  1b.  In  accord- 
nce  with  the  invention  the  filter  is  controlled  by 
lutgoing  signals  US1,  US2  and  US3  from  their 
espective  difference  circuit  6.  A  first  input  on 
sach  difference  circuit  6  is  connected  to  a 
:ommon  voltage  supply  circuit  9  and  each  circuit 
!  is  connected  via  a  second  input  to  a  voltage 
iupply  circuit  10.  The  voltage  supply  circuits  are 
sach  connected  to  their  respective  amplitude 
letectors  13,  which  are  connected  to  the  filter  5 
'ia  electronic  switches  17.  A  decoder  18  is  also 
:onnected  to  the  filter  for  detecting  conven- 
ionaily  the  different  frequencies  in  the  filtered 
iignal  and  the  time  intervals  during  which  the 
espective  frequency  is  sent.  From  this  the 
Jecoder  conventionally  derives  a  digital  signal 
J4,  corresponding  to  the  signal  U1  originally 
sent.  The  decoder  also  derives  from  the  filtered 
signal  the  control  signals  SO,  S1,  S2  and  S3 
;orresponding  to  their  respective  frequencies  in 
he  signal  U3.  The  decoder  supplies  each  of  the 
switches  17  with  its  respective  control  signal, 
which  resets  the  switch  for  the  duration  of  the 
signal.  The  amplitude  detectors  are  thus  activated 
:or  the  duration  of  their  respective  signals  so  that 
3ach  detector  obtains  a  signal  corresponding  to  a 
xequency.  The  amplitude  detectors  which  are  not 
llustrated  in  detail  on  the  drawing,  measure  the 
aeak  values  of  the  signals,  e.g.  by  rectifying  the 
rull  wave  of  the  signal  received  by  the  detector. 
Fhe  amplitude  detectors  send  their  peak  values 
/ia  a  diode  to  the  voltage  supply  circuits  9  and  10. 
The  circuit  9,  its  output  signal  UfO  corresponding 
to  the  amplitude  of  the  highest  frequency  fO, 
sends  this  signal  to  the  first  input  of  each  of  the 
difference  circuits  6.  The  circuits  10,  with  their 
output  signals  Uf1,  Uf2  and  Uf3  corresponding  to 
each  of  the  remaining  frequencies,  send  these 
signals  to  the  second  input  of  the  respective 
difference  circuit.  The  difference  circuits  form  the 
control  signals  US1,  US2  and  US3  by  forming 
difference  values  between  their  input  signals.  The 
filter  5  receives  the  control  signals,  which  then 
control  the  frequency  characteristic  at  the  fre- 
quencies  f1,  f2  and  f3,  according  to  the  descrip- 
tion  above,  so  that  the  amplitude  difference  in  the 
filtered  signal  decreases.  The  frequency-depen- 
dent  attenuation  in  the  transmission  is  thus 
corrected. 

The  voltage  supply  circuits  9  and  10  include  a 
capacitor  19  which  is  charged  via  a  resistor  20  by 
signals  from  the  respective  detector  13.  The 
capacitor  is  discharged  slowly  via  a  resistor  21 
during  the  interval  between  two  charges.  For  a 
suitable  selection  of  capacitor  and  resistors  there 
are  obtained  differences  between  the  signal  UfO 
on  one  hand  and  the  signals  Uf1,  Uf2  and  Uf3  on 
the  other  hand,  which  follow  the  decrease  of  the 
amplitude  differences  in  the  filtered  signal. 

higure  4  is  a  diock  aiagram  uvei  a  mimei 
demodulator  provided  with  a  variable  filter  25, 
and  which  will  now  be  described  in  connection 
with  the  signal  diagrams  in  Figure  5,  where  t 

?  denotes  the  time  as  before.  A  binary  signal  U11 
with  the  values  0  and  1,  which  are  to  be  transmit- 
ted  to  a  receiver,  may  be  phase  shift  modulated 
conventionally  to  a  signal  U12  containing  pulse 
trains  of  two  different  frequencies  in  correspond- 

o  ence  to  the  ones  and  zeros  in  the  binary  signal.  In 
transmission  the  modulated  signal  U12  is  attenu- 
ated  as  described  in  connection  with  Figure  1a,  so 
that  the  receiver  obtains  a  signal  U13  with  varying 
amplitude,  this  signal  passing  the  filter  25  which 

5  has  a  variable  characteristic.  In  accordance  with 
the  invention  the  filter  is  controlled  by  an  output 
signal  from  a  difference  circuit  26,  the  inputs  of 
which  are  respectively  connected  to  voltage 
supply  circuits  27  and  28.  These  are  respectively 

v  connected  to  electronic  switches  29  and  30  via  a 
rectifier  31  connected  to  an  integrating  circuit  32. 
This  receives  the  filtered  signal  and  a  clock  signal 
U14,  the  latter  being  derived  conventionally  from 
the  filtered  signal  by  a  clock  signal  regenerator  33. 

>5  The  integrating  circuit  sends  a  signal  U15  by 
integrating  the  filtered  signal  with  respect  to  the 
sign  of  the  clock  signal.  A  decoder  34  controlled 
by  clock  pulses  U17  from  the  regenerator  senses 
the  signal  U15.  From  this  the  decoder  conven- 

w  tionally  derives  a  binary  signal  corresponding  to 
the  original  signal  U11  by  comparing  the  sign  for 
two  consecutive  peaks  in  the  sensed  signal  U15. 
The  integrating  circuit  32  also  sends  the  signal 
U15  to  the  rectifier  31,  which  sends  a  signal  U16 

?5  to  the  switches  29  and  30.  These  are  reset  by  the 
clock  pulses  U17  and  the  binary  signals  so  that 
the  voltage  supply  circuit  27  obtains  the  signal 
U16forthe  duration  of  the  clock  pulses,  when  the 
binary  signal  assumes  the  value  0  and  the  voltage 

to  supply  circuit  28  obtains  the  signal  U16  when  the 
binary  signal  assumes  the  value  1.  The  circuit  27 
thus  obtains  an  output  voltage  U18  corre- 
sponding  to  the  amplitude  of  the  high  frequency 
part  of  the  filtered  signal,  and  the  circuit  28  an 

45  output  voltage  U19  corresponding  to  the 
amplitude  of  the  low-frequency  part  of  the  same 
signal.  The  difference  between  the  voltages  U18 
and  U19  control  the  filter  25  via  the  difference 
circuit  26  so  that  the  amplitude  difference  for  the 

so  filtered  signal  decreases  whereby  the  frequency- 
dependent  attenuation  in  the  transmission  is 
compensated. 

The  invention  is  described  in  connection  with 
signal  transmission  in  cables,  but  may  also  be 

55  used  for  other  transmitting  media  with  frequency- 
dependent  attenuation.  For  information  transmit- 
ting  there  are  several  methods  for  signal  modula- 
tion  based  on  conversion  of  signals  with  different 
frequencies,  and  the  invention  may  be  applied  in 

60  these  different  methods.  Apparatus  has  been 
described  above  where  different  frequencies  of 
the  signals  have  been  attenuated  to  the  same 
amplitude,  but  the  filter  may  be  selected  such  that 
a  desired  relationship  between  the  signal 

65  amplitudes  of  the  two  frequencies  is  obtained. 
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Claims 

1.  Apparatus  in  transmitting  digital  signals, 
3ach  sent  with  its  own  frequency,  for  correcting 
Frequency-dependent  attenuation  in  the  transmit- 
ting  medium,  said  apparatus  including  a  filter 
means  where  at  least  one  of  the  frequencies  can 
be  attenuated  so  as  to  retain  a  desired  relation- 
ship  between  the  amplitudes  of  the  signals  asso- 
ciated  with  different  frequencies,  characterized  in 
that  a  difference  circuit  (6)  is  provided  for  each 
value  of  the  digital  signal  (U1)  which  is  to  be 
corrected,  said  difference  circuits  controlling  the 
filter  device  (5)  with  their  output  signals  (US1, 
US2,  US3),  in  that  on  its  first  input  each  difference 
circuit  (6)  receives  signals  (UfO)  from  a  voltage 
supply  circuit  (9)  common  to  the  difference  cir- 
cuits,  said  voltage  supply  circuit  being  associated 
with  one  of  the  digital  signals  which  is  selected  so 
that  the  amplitude  of  the  selected  signal  is  not 
corrected  by  the  filter  means,  in  that  on  its  second 
input  each  difference  circuit  (6)  receives  signals 
(Ufl,  Uf2,  Uf3)  from  voltage  supply  circuits  (10) 
associated  with  each  of  the  respective  difference 
circuit,  and  each  voltage  supply  circuit  (9,  10) 
obtains  signals  from  a  corresponding  amplitude 
detector  (13)  and  in  that  switches  (17)  are  pro- 
vided  for  each  of  the  voltage  supply  circuits  (10) 
and  being  connected  between  the  output  of  the 
filter  means  and  the  amplitude  detectors  (13),  said 
switches  being  reset  by  signals  (SO,  S1,  S2,  S3) 
which  are  generated  by  a  control  means  (18) 
everytime  the  corresponding  digital  signal 
occurs. 

2.  Apparatus  es  claimed  in  claim  1,  in  which  the 
digital  signals  are  binary  characterized  in  that  the 
amplitude  detector  includes  an  integrating  circuit 
(32)  which  integrates  the  filtering  signal  for  each 
period  of  the  binary  signal  (U11)  with  regard  to 
the  sign  of  both  the  filtered  signal  and  a  clock 
signal  (U14)  derived  from  the  incoming  signal 
(U13),  and  in  that  the  detector  also  includes  a 
fuilwave  rectifier  (31)  which  rectifies  the  signal 
(U15)  obtained  from  the  integrating  circuit. 

Patentanspruche 

1.  Vorrichtung  fur  die  Ubertragung  digitaler 
Signale,  die  jeweils  mit  ihrer  eigenen  Frequenz 
gesendet  werden  zur  Korrektur  der  frequenzab- 
hangigen  Dampfung  auf  dem  Ubertragungsme- 
dium,  wobei  die  Vorrichtung  eine  Filtervorrich- 
tung  umfalSt,  bei  der  zumindest  eine  der  Frequen- 
zen  so  gedampft  werden  kann,  dalS  ein 
gewunschtes  Verhaltnis  zwischen  den  Amplitu- 
den  der  Signale  erzielt  wird,  die  den  unterschiedli- 
chen  Frequenzen  zugehoren,  dadurch  gekenn- 
zeichnet,  dalS  eine  Differenzschaltkreis  (6)  fur 
jeden  Wert  des  Digitalsignals  (U1),  der  korrigiert 
wird,  vorgesehen  ist,  wobei  die  Differenzschait- 
kreise  das  Filterelement  (5)  mit  ihren  Ausgangssi- 
gnalen  (US1,  US2,  US3)  steuern,  dalS  an  seinem 
ersten  Eingang  jeder  Differenzsschaltkreis  (6) 
Signale  (UfO)  von  einem  Spannungsversorgungs- 
schaltkreis  (9)  empfangt,  der  gemeinsam  fur  alle 

Differenzschaltkreise  ist,  wobei  der  Spannungs- 
versorgungsschaltkreis  mit  einem  der  Digitalsi- 
gnale  zusammenhangt,  dafS  ausgewahlt  wird,  so 
date  die  Amplitude  des  ausgewahlten  Signals 

5  nicht  durch  die  Filtervorrichtung  korrigiert  wird, 
daG  an  seinem  zweiten  Eingang  jeder  Differenz- 
schaltkreis  (6)  Signale  (Uf1,  Uf2,  Uf3)  von  Span- 
nungsversorgungsschaltkreisen  (10)  empfangt, 
die  mit  jedem  der  jeweiligen  Differenzschaltkrei- 

10  sen  zusammenhangen  und  jeder  Spannungsver- 
sorgungsschaltkreis  (9,  10)  Signale  von  einem 
entsprechenden  Amplitudendetektor  (13)  erhalt, 
und  dalS  Schalter  (17)  fur  jeden  der  Spannungs- 
versorgungsschaltkreise  (10)  vorgesehen  und 

15  zwischen  dem  Ausgang  der  Filtervorrichtung  und 
dem  Amplitudendetektor  (13)  angeschlossen 
sind,  wobei  die  Schalter  durch  Signale  (SO,  S1, 
S2,  S3)  zuruckgesetzt  werden,  die  durch  eine 
Steuervorrichtung  (18)  immer  dann  erzeugt 

20  werden,  wenn  das  entsprechende  digitale  Signal 
auftritt. 

2.  Vorrichtung  nach  Anspruch  1,  bei  der  die 
digitalen  Signale  binar  sind,  dadurch  gekenn- 
zeichnet,  dalS  der  Amplitudendetektor  einen  inte- 

25  grierenden  Schaltkreis  (32)  umfalSt,  der  das  gefil- 
terte  Signal  uber  jede  Periode  des  binaren  Signals 
(U11),  unter  Berucksichtigung  des  Vorzeichens 
sowohl  des  gefilterten  Signals  als  auch  eines 
Zeittaktsignals  (U14)  integriert,  das  aus  dem  ein- 

30  gehenden  Signal  (U13)  abgeleitet  wird,  und  dalS 
der  Detektor  ebenfalls  einen  Vollwellengleichrich- 
ter  (31)  umfafct,  der  das  Signal  (U15)  gleichrichtet, 
das  durch  den  integrierenden  Schaltkreis  erzielt 
wird. 

35 
Revendications 

1.  Appareil  pour  la  transmission  de  signaux 
numeriques  emis  chacun  avec  sa  propre  fre- 

40  quence,  pour  corriger  I'attenuation  dependant  de 
la  frequence  dans  le  milieu  de  transmission,  cet 
appareil  comprenant  des  moyens  de  filtrage  ou 
au  moins  I'une  des  frequences  peut  etre  attenuee 
de  facon  a  conserver  une  relation  desiree  entre 

45  les  amplitudes  des  signaux  associes  a  des  fre- 
quences  differentes,  caracterise  en  ce  qu'on  a 
prevu  un  circuit  de  difference  (6)  pour  chaque 
valeur  du  signal  numerique  (U1)  qui  doit  etre 
corrige,  les  circuits  de  difference  commandant  le 

so  dispositif  de  filtre  (5)  avec  leurs  signaux  de  sortie 
(US1,  US2,  US3),  en  ce  que,  sur  sa  premiere 
entree,  chaque  circuit  de  difference  (6)  recoit  des 
signaux  (UfO)  d'un  circuit  d'alimentation  en  ten- 
sion  (9)  commun  a  tous  les  circuits  de  difference, 

55  ce  circuit  d'alimentation  en  tension  etant  associe 
a  I'un  des  signaux  numeriques  qui  est  choisi  de 
facon  que  I'amplitude  du  signal  choisi  ne  soit  pas 
corrigee  par  les  moyens  de  filtrage,  en  ce  que,  sur 
sa  seconde  entree,  chaque  circuit  de  difference  (6) 

60  recoit  des  signaux  (Uf1,  Uf2,  Uf3)  de  circuits 
d'alimentation  en  tension  (10)  associes  avec  cha- 
cun  des  circuits  de  difference  respectifs,  et  cha- 
que  circuit  d'alimentation  en  tension  (9,  10) 
obtient  des  signaux  d'un  detecteur  d'amplitude 

65  (13)  correspondant,  et  en  ce  que  des  commuta 

4 
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surs  (17)  sont  prevus  pour  chacun  des  circuits 
'alimentation  en  tension  (10)  et  etant  connectes 
itre  la  sortie  des  moyens  de  filtrage  et  les 
etecteurs  d'amplitude  (13),  ces  commutateurs 
tant  retablis  par  des  signaux  (SO,  S1,  S2,  S3)  qui  5 
Dnt  engendres  par  un  moyen  de  commande  (18) 
laque  fois  que  le  signal  numerique  correspon- 
ant  se  presente. 
2.  Appareil  suivant  la  revendication  1,  dans 

squel  les  signaux  numeriques  sont  binaires,  10 

u 

13 

ID 

31/ 

01/ 

03 

II  OUICI  IOC  Oil  >jU  l̂ Ul*  IV*  i  M  @  .  f--  •  -  —  —  — 
Dimprend  un  circuit  integrateur  (32)  qui  integre  le 
gnal  de  filtrage  pour  chaque  periode  du  signal 
inaire  (U11)  en  considerant  le  signe  a  la  fois  du 
gnal  filtre  et  d'un  signal  d'horloge  (U14)  derive 
u  signal  d'arrivee  (U13),  et  en  ce  que  le  detecteur 
amprend  aussi  un  redresseur  d'onde  complete 
!1)  qui  redresse  le  signal  (U15)  obtenu  du  circuit 
itegrateur. 
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