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Description 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  an  A.F.C. 
(automatic  frequency  control)  system  for  an  FM 
radio  receiver,  and  in  particular  to  an  A.F.C.  system 
for  a  receiver  to  be  utilized  for  the  reception  of 
broad-band  FM  signals  transmitted  from  an  earth 
satellite. 

In  an  FM  receiver  which  utilizes  a  frequency 
synthesizer  for  tuning  operation,  the  accuracy  with 
which  the  frequency  of  the  local  oscillator  is  main- 
tained  will  be  identical  to  that  of  the  reference 
frequency  signal  of  the  frequency  synthesizer  cir- 
cuit.  Usually  a  quartz  crystal  oscillator  is  utilized  to 
produce  the  reference  frequency  signal,  so  that  if 
the  frequency  accuracy  of  the  recived  signal  is 
sufficiently  high,  a  satisfactory  degree  of  the  fre- 
quency  accuracy  for  the  I.F.  (intermediate  frequen- 
cy)  signal  will  be  attained  without  the  need  to 
incorporate  an  A.F.C.  system  in  the  receiver.  How- 
ever  in  the  case  of  a  receiver  system  for  the 
reception  of  transmissions  from  an  orbiting  satellite, 
the  received  microwave  band  signal  is  first  con- 
verted  into  a  first  I.F.  signal  by  a  down-converter 
(positioned  close  to  the  antenna,  i.e.  outdoors),  and 
this  signal  is  led  to  the  receiver,  situated  indoors, 
through  a  cable.  The  first  I.F.  signal  is  then  con- 
verted  to  a  second  I.F.  signal  within  the  receiver. 
Tuning,  i.e.  selection  of  a  desired  reception  chan- 
nel,  is  performed  by  the  process  of  a  frequency 
conversion  into  the  second  I.F.  signal,  through  vari- 
ation  of  the  frequency  of  the  local  oscillator  signal 
which  is  employed  in  this  conversion.  With  such  a 
system,  even  if  the  local  oscillator  signal  of  the 
indoors  receiver  is  generated  by  a  frequency  syn- 
thesizer  circuit  and  hence  has  excellent  frequency 
accuracy,  satisfactory  frequency  accuracy  will  not 
be  attained  for  the  second  I.F.  if  the  conversion 
frequency  accuracy  of  the  down-converter,  situated 
outdoors,  is  not  sufficiently  high.  In  practice  it  is 
found  that  a  frequency  drift  of  several  MHz  will 
occur  due  to  ambient  temperature  variations,  in  the 
oscillation  frequency  of  a  local  oscillator  of  a  down- 
converter  which  is  situated  outdoors.  In  the  case  of 
the  second  I.F.  signal  however,  even  if  the  fre- 
quency  accuracy  is  relatively  poor,  the  amount  of 
the  frequency  drive  will  be  held  to  within  several 
hundred  kHz.  Thus,  even  if  a  frequency  synthesizer 
circuit  system  is  employed  in  the  tuner  circuit  of 
such  a  receiver,  it  is  essential  to  utilize  an  A.F.C. 
system  in  order  to  maintain  the  frequency  accuracy 
of  the  second  I.F.  signal  at  a  sufficient  high  level. 

In  the  following,  the  term  "local  oscillator"  will 
be  restricted  to  signifying  the  local  oscillator  whose 
signal  is  utilized  in  producing  the  second  I.F.  sig- 
nal,  while  the  second  I.F.  signal  will  be  simply 

referred  to  as  the  I.F.  signal. 
An  example  of  a  prior  art  frequency  synthe- 

sizer  circuit  type  of  tuner  circuit,  which  is  provided 
with  an  A.F.C.  system,  is  described  in  Japanese 

5  Patent  No.  55-23674.  Fig.  1  is  a  block  diagram  of 
this  prior  art  example,  in  which  reference  numeral  1 
denotes  a  received  signal  input  terminal,  numeral  2 
denotes  a  H.F.  amplifier,  numeral  3  denotes  a 
frequency  mixer,  numeral  4  denotes  a  voltage- 

io  control  type  of  a  local  oscillator,  numeral  5  denotes 
a  PLL  (phase  lock  loop)  type  of  a  frequency  syn- 
thesizer  circuit,  numeral  6  denotes  an  I.F.  amplifier, 
numeral  7  denotes  an  FM  demodulator,  numeral  8 
denotes  a  demodulated  signal  output  terminal,  nu- 

75  meral  9  denotes  a  low-pass  filter  (hereinafter  re- 
ferred  to  as  LPF),  and  numeral  10  denotes  a  fre- 
quency  error  detection  circuit.  Fig.  2  shows  an 
example  of  a  circuit  for  the  frequency  error  detec- 
tion  circuit  10,  in  which  the  demodulated  output 

20  signal  from  the  FM  demodulator  7  is  smoothed  by 
a  transfer  through  a  LPF  9,  to  thereby  derive  the 
DC  component  of  the  demodulated  signal.  This  DC 
component  is  compared  with  fixed  reference  volt- 
age  levels  Vr|  and  Vr2  in  a  pair  of  voltage  compara- 

25  tors  10a  and  10b  respectively.  The  DC  component 
of  the  demodulated  FM  signal  which  is  output  from 
the  LPF  9  represents  the  average  voltage  level  of 
the  demodulated  FM  signal.  This  average  voltage 
level  corresponds  to  the  average  frequency  of  the 

30  I.F.  signal  which  is  produced  by  the  frequency 
mixer  3.  By  comparing  this  average  voltage  level 
with  the  predetermined  reference  voltage  levels  Vr! 
and  Vr2  by  the  circuit  shown  in  Fig.  2,  it  can  be 
determined  whether  the  center  frequency  of  the  I.F. 

35  signal  has  drifted  from  a  predetermined  I.F.  fre- 
quency  by  more  than  a  predetermined  frequency 
range.  In  addition,  the  circuit  detects  the  direction 
of  this  frequency  outside  the  predetermined  range, 
i.e.  the  output  signals  from  terminals  10e,  1  0f, 

40  respectively,  indicate  whether  the  center  frequency 
of  the  I.F.  signal  frequency  is  lower  than  or  higher 
than  the  specified  I.F.  frequency.  The  output  sig- 
nals  from  terminals  10e  and  1  0f  are  applied  to  the 
PLL  frequency  synthesizer  circuit  5,  which  re- 

45  sponds  by  performing  fine  adjustment  of  the  fre- 
quency  of  oscillation  of  the  local  oscillator  4  such 
as  to  counteract  the  frequency  drift,  i.e.  to  maintain 
the  amount  of  frequency  drift  outside  the  predeter- 
mined  range  to  a  sufficiently  small  amount. 

50  However  with  the  arrangement  of  Fig.  2,  the 
frequency  reference  for  A.F.C.  system  operation  is 
constituted  by  the  demodulator  circuit  7  itself.  In 
the  case  of  a  receiver  system  for  the  reception  of 
transmissions  from  an  earth  satellite,  the  FM  de- 

55  modulator  7  does  not  display  very  good  tempera- 
ture  stability,  with  respect  to  the  relationship  be- 
tween  the  input  frequency  and  the  output  voltage, 
since  the  most  important  design  requirement  for 

2 
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such  a  demodulator  is  that  it  must  be  capable  of 
handling  high-frequency  wide-band  FM  signals.  For 
this  reason,  it  is  difficult  to  realize  an  A.F.C.  system 
of  the  form  shown  in  Fig.  1  which  will  maintain  a 
high  degree  of  I.F.  signal  frequency  accuracy.  If 
the  FM  signal  must  maintain  a  high  degree  of 
linearity  in  the  demodulation  process,  as  is  true  in 
the  case  of  a  video  signal,  then  it  is  extremely 
important  to  ensure  that  amplitude  and  phase  er- 
rors  do  not  arise.  If  I.F.  frequency  drift  occurs,  then 
such  errors  will  be  produced  as  a  result  of  passing 
the  FM  I.F.  signal  through  the  I.F.  band-pass  filter. 

In  order  to  overcome  the  problem  described 
above,  the  assignee  of  the  present  invention  has 
previously  proposed  (in  Japanese  Patent  Applica- 
tion  No.  60-205762,  filed  on  September  18,  1985) 
an  A.F.C.  system  having  the  objective  of  overcom- 
ing  the  problems  described  above.  In  that  A.F.C. 
system,  a  highly  accurate  reference  frequency  sig- 
nal  is  utilized  as  a  frequency  reference.  The  FM 
I.F.  signal  is  applied  to  the  inputs  of  two  frequency 
dividers  having  respectively  different  frequency  di- 
vision  ratios.  These  frequency  division  ratios  and 
the  frequency  of  the  reference  frequency  signal  are 
selected  such  that,  when  the  I.F.  signal  center 
frequency  coincides  with  an  upper  limit  frequency 
(which  is  higher  than  a  predetermined  I.F.  fre- 
quency  by  a  specific  amount),  the  output  of  one  of 
the  frequency  dividers  will  coincided  in  frequency 
with  the  reference  signal,  and  such  that  when  the 
I.F.  signal  center  frequency  coincides  with  a  lower 
limit  frequency  (which  is  lower  than  the  predeter- 
mined  I.F.  frequency  by  a  specific  amount),  the 
output  of  the  other  frequency  divider  will  coincide 
in  frequency  with  the  reference  signal.  Two  fre- 
quency  comparators  are  also  utilized,  with  the  ref- 
erence  frequency  signal  being  applied  to  one  input 
of  each  of  these  frequency  comparators  and  the 
outputs  from  the  frequency  dividers  being  respec- 
tively  applied  to  the  other  inputs  of  the  frequency 
comparators.  The  resultant  outputs  signals  from  the 
frequency  comparators  are  passed  through  respec- 
tive  integrator  circuits  or  low-pass  filters,  to  thereby 
produce  two  frequency  comparison  signals,  whose 
levels  indicate  the  frequency  relationship  between 
the  reference  frequency  signal  and  the  I.F.  signal. 
These  signals  are  applied  to  a  frequency  syn- 
thesizer  circuit  which  produces  a  control  voltage  to 
control  the  local  oscillator  frequency,  to  thereby 
implement  a  fine  adjustment  of  that  control  voltage 
and  hence  a  fine  control  of  the  local  oscillator 
frequency  and  hence  the  I.F.  frequency,  in  accor- 
dance  with  the  frequency  relationship  between  the 
reference  frequency  signal  and  the  I.F.  signal. 

With  such  an  A.F.C.  system,  designating  the 
upper  and  lower  limits  of  frequency  error  detection 
with  respect  to  the  specified  I.F.  frequency  as  fH 
and  fL,  the  reference  signal  frequency  as  fo,  and 

the  frequency  division  ratios  of  the  frequency 
dividers  as  NH  and  NL  respectively,  then  the  follow- 
ing  relationships  must  be  satisfied: 

5  fH  =  NH  .  Fs  (1) 
fL  =  NL  .  Fs  (2) 
fL  <  fo  <  fH  (3) 

It  can  thus  be  understood  that  when  the  center 
io  frequency  of  the  I.F.  signal  is  higher  than  the  upper 

detection  limit  fH,  the  output  frequency  from  the 
frequency  divider  having  the  frequency  division  ra- 
tio  NH  will  become  higher  than  fH/NH,  and  so  (from 
equation  (1))  will  become  higher  than  the  reference 

is  signal  frequency  Fs.  As  a  result,  the  output  from 
the  frequency  comparator  which  receives  the  latter 
frequency  divider  output  and  the  reference  fre- 
quency  signal  will  indicate  that  the  center  frequen- 
cy  of  the  I.F.  signal  has  become  higher  than  the 

20  upper  detection  limit  fH.  Similarly,  when  the  center 
frequency  of  the  I.F.  signal  is  lower  than  the  lower 
detection  limit  fL,  the  output  frequency  from  the 
frequency  divider  having  the  division  ratio  NL  will 
become  lower  than  fL/NL,  and  so  (from  equation  (2) 

25  above)  will  become  lower  than  the  reference  signal 
frequency  Fs.  As  a  result,  the  output  from  the 
frequency  comparator  which  receives  the  latter  fre- 
quency  divider  output  and  the  reference  frequency 
signal  will  indicate  that  the  center  frequency  of  the 

30  I.F.  signal  has  become  lower  than  the  lower  detec- 
tion  limit  fL. 

It  is  possible  to  utilize  a  digital  circuit  as  such  a 
frequency  comparator,  to  perform  a  phase 
(frequency)  comparison.  However  a  receiver  for  the 

35  reception  of  earth  satellite  transmissions  produces 
a  wide-band  IF  signal,  having  a  high  value  of  FM 
modulation  index.  Thus,  it  is  necessary  to  make  the 
frequency  division  ratios  NL  and  NH  sufficiently 
high,  in  order  to  ensure  that  the  FM  modulation 

40  index  of  the  output  signals  from  these  frequency 
division  ratios  will  be  low  enough  to  ensure  that  an 
erroneous  operation  of  the  frequency  comparators 
does  not  occur  as  a  result  of  the  frequency  de- 
viation  due  to  a  wide-band  FM  modulation  of  the 

45  I.F.  signal. 
The  output  signals  from  the  frequency  com- 

parators  are  then  passed  through  simple  integrator 
circuits  (or  low-pass  filters)  to  derive  the  DC  com- 
ponent  of  each  signal,  to  thereby  obtain  two  fre- 

50  quency  comparison  signals.  One  of  these  frequen- 
cy  comparison  signal  will  change  between  a  high 
and  a  low  logic  level  when  the  amount  of  error  of 
the  center  frequency  of  the  I.F.  signal  reaches  the 
upper  detection  limit  fH,  while  the  other  frequency 

55  comparison  signal  will  similarly  change  in  logic 
level  when  the  I.F.  signal  reaches  the  lower  detec- 
tion  limit  fL.  The  combination  of  these  two  fre- 
quency  comparison  signals  can  be  utilized  to  judge 

3 
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which  of  three  possible  conditions  is  currently  true 
of  the  center  frequency  fc  of  the  I.F.  signal,  i.e.  fc  < 
fL,   ̂ <  fc  <  fH  ,  or  fH  <  fc-  Thus  the  frequency 
comparison  signals  can  be  utilized  to  judge  wheth- 
er  a  fine  adjustment  of  the  local  oscillator  fre- 
quency  should  be  performed  (i.e.  by  fine  adjust- 
ment  of  the  control  voltage  applied  to  the  local 
oscillator  in  the  case  of  a  receiver  employing  a 
synthesizer  circuit  to  produce  such  a  control  volt- 
age),  and  also  the  direction  in  which  this  fine  ad- 
justment  of  the  local  oscillator  frequency  is  to  be 
executed. 

An  example  of  such  an  A.F.C.  system  is  shown 
in  the  block  diagram  of  Fig.  3.  As  in  the  previous 
example,  a  received  signal  (i.e.  from  a  down-con- 
verter)  is  transferred  through  an  H.F.  amplifier  2  to 
a  mixer  3,  to  produce  an  I.F.  signal  which  is  ap- 
plied  to  an  FM  demodulator  7.  A  synthesizer  circuit 
5  such  as  a  PLL  type  of  a  frequency  synthesizer, 
produces  a  frequency  control  voltage  which  is  ap- 
plied  to  a  local  oscillator  4  to  control  the  local 
oscillator  frequency  which  is  applied  to  the  mixer  3. 
The  I.F.  signal  is  supplied  to  each  of  two  frequency 
dividers  9  and  10,  which  have  respective  frequency 
division  ratios  NH  and  NL.  The  resultant  output 
signals  from  frequency  dividers  9  and  10  are  ap- 
plied  to  inputs  of  two  frequency  comparators  12 
and  13  respectively,  while  a  reference  frequency 
produced  from  a  reference  signal  oscillator  1  1  at  a 
frequency  Fs  is  applied  to  each  of  the  other  inputs 
of  the  frequency  comparators  12  and  13.  Each  of 
the  frequency  comparators  12  and  13  can  be  of 
digital  type,  for  example  having  the  configuration 
shown  in  Fig.  5.  Such  a  frequency  comparator 
displays  a  relationship  between  phase  (frequency) 
and  the  DC  component  of  the  output  therefrom 
having  the  form  shown  in  Fig.  4.  The  outputs  from 
frequency  comparators  12  and  13  are  transferred 
through  respective  low-pass  filters  (LPFs)  14  and 
15,  to  remove  AC  components  of  the  comparator 
output  signals  and  thereby  produce  respective  fre- 
quency  comparison  signals. 

For  each  of  the  frequency  comparators  12  and 
13  in  Fig.  3,  if  the  center  frequency  of  the 
frequency-divided  I.F.  signal  supplied  to  the  fre- 
quency  comparator  12,  13  is  higher  than  the  refer- 
ence  frequency,  then  the  corresponding  frequency 
comparison  signal  goes  to  a  high  logic  level 
(hereinafter  referred  to  as  the  H  level),  while  if  the 
center  frequency  of  the  frequency-divided  I.F.  sig- 
nal  is  lower  than  the  reference  frequency,  then  the 
corresponding  frequency  comparison  signal  will  go 
to  a  low  logic  level  (hereinafter  referred  to  as  the  L 
level).  Figs.  6A  and  6B  are  graphs  showing  the 
variation  of  of  the  frequency  comparison  signals 
produced  from  LPFs  14  and  15  respectively,  in 
which  I.F.  signal  center  frequencies  are  plotted 
along  the  horizontal  axis  and  the  level  of  the  fre- 

quency  comparison  signal  along  the  vertical  axis. 
Designating  the  specified  center  frequency  of  the 
I.F.  signal  as  fo,  the  reference  frequency  and  the 
frequency  division  ratios  NH,  NL  must  satisfy  the 

5  following  relationship 
Fs  x  NL  <  f0  <  Fs  x  NH 

As  can  be  understood  from  Fig.  6,  when  the 
first  frequency  comparison  signal  (i.e.  the  output 
from  LPF  14)  is  at  the  H  level,  the  center  frequency 

io  of  the  I.F.  signal  will  be  higher  than  the  specified 
frequency  by  an  amount  which  exceeds  a  predeter- 
mined  limit  frequency  (Fs  x  NH).  Thus  it  is  neces- 
sary  to  apply  a  fine  adjustment  to  the  control 
voltage  of  the  local  oscillator  4,  by  means  of  the 

is  synthesizer  circuit  5,  such  as  to  correct  this  fre- 
quency  error.  Similarly  if  the  second  frequency 
comparison  signal  (i.e  the  output  from  LPF  15)  is  at 
the  L  level  then  this  indicates  that  the  center  fre- 
quency  of  the  I.F.  signal  frequency  is  lower  than 

20  the  specified  I.F.  frequency  by  a  specific  amount, 
i.e.  is  lower  than  a  lower  limit  frequency  (Fs  x  NL). 
The  synthesizer  circuit  5  must  therefore  apply  a 
correction  to  the  local  oscillator  frequency  in  a 
direction  to  correct  this  frequency  error. 

25  It  is  necessary  for  an  FM  receiver  for  the 
reception  of  earth  satellite  transmissions  to  have  an 
A.F.C.  control  accuracy  which  is  within  at  least  ± 
300  kHz,  i.e.  the  frequency  error  range  should  be  ± 
300  kHz  with  respect  to  the  specified  center  fre- 

30  quency  of  the  I.F.  signal.  Thus  each  of  the  quan- 
tities  (Fs  x  NH  -  fo),  and  (fo  -  Fs  x  NL)  should  be 
selected  to  be  within  300  kHz. 

For  example  if  the  specified  center  frequency 
of  the  I.F.  signal  fo  is  510  MHz,  the  reference 

35  frequency  Fs  is  10  kHz,  one  of  the  frequency 
division  ratios  NH  is  51030  and  the  other  frequency 
division  ratio  NL  is  50970,  then  the  above  relation- 
ships  are  satisfied. 

With  the  system  of  Fig.  3  described  above,  the 
40  I.F.  signal  is  frequency  divided  by  two  frequency 

dividers  having  mutually  different  frequency  divi- 
sion  ratios,  and  the  frequency-divided  output  sig- 
nals  are  compared  in  frequency  with  a  reference 
frequency,  whereby  a  frequency  error  which 

45  causes  the  center  frequency  of  the  I.F.  signal  to 
depart  from  a  predetermined  frequency  error  range 
(centered  on  the  specified  I.F.  frequency)  can  be 
accurately  detected.  The  frequency  stability  of  this 
system  is  determined  by  the  reference  frequency, 

50  so  that  if  a  highly  stable  and  accurate  oscillator 
circuit  such  as  a  quartz  crystal  controlled  oscillator 
is  utilized  to  produce  the  reference  frequency,  an 
A.F.C.  system  can  be  realized  which  has  a  high 
degree  of  frequency  control  accuracy. 

55  However,  with  an  A.F.C.  system  of  the  form 
shown  in  Fig.  3,  although  the  frequency  accuracy  is 
extremely  high  and  the  long-term  frequency  drift  is 
almost  zero,  it  is  necessary  to  employ  two  separate 

4 
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frequency  dividers,  two  frequency  comparators, 
and  two  low-pass  filters.  Thus  this  system  has  the 
disadvantage  that  the  manufacturing  cost  will  be 
relatively  high. 

SUMMARY  OF  THE  INVENTION 

It  is  an  objective  of  the  present  invention  to 
provide  an  automatic  frequency  control  system 
which  will  hold  the  center  frequency  of  a 
frequency-modulated  intermediate  frequency  signal 
within  a  predetermined  frequency  error  range  with 
respect  to  a  predetermined  intermediate  frequency 
value,  to  a  high  degree  of  accuracy,  while  ensuring 
a  relatively  low  manufacturing  cost  for  such  a  sys- 
tem. 

It  is  a  further  objective  of  the  present  invention 
to  provide  an  automatic  frequency  control  system 
having  the  above  advantages  and  moreover  where- 
by  the  time  required  following  a  tuning  operation 
(i.e.  for  the  selection  of  a  new  reception  channel) 
until  an  automatic  frequency  control  lock  condition 
is  achieved,  can  be  substantially  reduced  by  com- 
parison  with  prior  art  types  of  circuit. 

More  specifically,  an  automatic  frequency  con- 
trol  system  according  to  the  present  invention  has 
the  function  of  performing  a  correction  of  a  fre- 
quency  error  of  a  center  frequency  of  a  frequency- 
modulated  intermediate  frequency  signal  with  re- 
spect  to  a  predetermined  intermediate  frequency 
value  such  as  to  hold  the  magnitude  of  said  fre- 
quency  error  within  a  predetermined  frequency  er- 
ror  range.  Such  an  automatic  frequency  control 
system  is  for  use  in  frequency  modulation  receiver 
system  which  includes  local  oscillator  circuit  means 
for  producing  a  local  oscillator  signal  and  a  mixer 
coupled  to  receive  the  local  oscillator  signal  for 
producing  the  frequency-modulated  intermediate 
frequency  signal,  the  automatic  frequency  control 
system  comprising: 

control  means: 
frequency  comparison  means  controlled  by  the 

control  means  to  selectively  operate  in  a  first  status 
for  comparing  the  center  frequency  of  the  inter- 
mediate  frequency  signal  with  an  upper  limit  fre- 
quency  of  the  frequency  error  range  and  in  a 
second  status  for  comparing  the  center  frequency 
of  the  intermediate  frequency  signal  with  a  lower 
limit  frequency  of  the  frequency  error  range,  and 
for  producing  a  frequency  comparison  signal  indi- 
cative  of  the  results  of  the  frequency  comparisons; 

first  and  second  latch  memory  means  con- 
trolled  by  the  control  means  to  store  the  frequency 
comparison  signal  as  data  indicative  of  the  relation- 
ship  between  the  center  frequency  of  the  inter- 
mediate  frequency  signal  and  the  upper  and  lower 
limit  frequencies,  and; 

frequency  adjustment  means  controlled  by  the 

control  means  for  adjusting  the  local  oscillator  fre- 
quency; 

the  control  means  acting,  following  the  fre- 
quency  comparison  operation,  to  judge  whether  the 

5  data  stored  in  the  first  and  second  latch  memory 
means  indicates  that  the  center  frequency  of  the 
intermediate  frequency  signal  is  within  the  frequen- 
cy  error  range,  and  acting  when  the  center  fre- 
quency  is  judged  to  be  within  the  frequency  error 

io  range  to  execute  successively  alternating  compari- 
sons  of  the  center  frequency  of  the  intermediate 
frequency  signal  with  the  upper  and  lower  limit 
frequencies  respectively  by  the  frequency  compari- 
son  means,  and  to  store  the  level  of  the  frequency 

is  comparison  signal  in  the  first  latch  memory  means 
following  a  comparison  of  the  center  frequency  of 
the  intermediate  frequency  signal  with  the  upper 
limit  frequency  and  to  store  the  level  of  the  fre- 
quency  comparison  signal  in  the  second  latch 

20  memory  means  following  a  comparison  of  the  cen- 
ter  frequency  of  the  intermediate  frequency  signal 
with  the  lower  limit  frequency,  the  control  means 
further  acting,  when  the  center  frequency  of  the 
intermediate  frequency  signal  is  judged  to  be  out- 

25  side  the  frequency  error  range  as  indicated  by  the 
data  stored  in  the  first  and  second  latch  memory 
means,  to  control  the  frequency  adjustment  means 
such  as  to  adjust  the  local  oscillator  frequency  to 
bring  the  center  frequency  of  the  intermediate  fre- 

30  quency  signal  within  the  frequency  error  range. 
Furthermore  with  an  automatic  frequency  con- 

trol  circuit  according  to  the  present  invention,  the 
control  means  acts,  when  the  center  frequency  of 
the  intermediate  frequency  signal  is  judged  to  be 

35  higher  than  the  upper  limit  frequency  as  indicated 
by  the  data  stored  in  the  first  and  second  latch 
memory  means,  to  repetitively  execute  a  series  of 
operations  comprising: 

comparison  of  the  center  frequency  of  the  in- 
40  termediate  frequency  signal  with  the  upper  limit 

frequency; 
storage  of  the  frequency  comparison  signal 

level  in  the  first  latch  memory  means,  and; 
controlling  the  frequency  adjustment  means 

45  such  as  to  decrease  the  local  oscillator  frequency 
by  a  fixed  amount, 

and  in  which  the  control  means  acts,  when  the 
center  frequency  of  the  intermediate  frequency  sig- 
nal  is  judged  to  be  lower  than  the  lower  limit 

50  frequency,  as  indicated  by  the  data  stored  in  the 
first  and  second  latch  memory  means,  to  repet- 
itively  execute  a  series  of  operations  comprising: 

comparison  of  the  center  frequency  of  the  in- 
termediate  frequency  signal  with  the  lower  limit 

55  frequency; 
storage  of  the  frequency  comparison  signal 

level  in  the  second  latch  memory  means,  and; 
controlling  the  frequency  adjustment  means 

5 
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such  as  to  increase  the  local  oscillator  frequency 
by  a  fixed  amount. 

An  A.F.C.  system  according  to  the  present 
invention  employs  a  highly  stable  reference  fre- 
quency  as  a  frequency  reference,  with  the  refer- 
ence  frequency  and  an  I.F.  signal  being  applied  to 
respective  variable  frequency  dividers  to  thereby 
produce  a  frequency-divided  I.F.  signal  and  a 
frequency-divided  reference  signal  which  are  ap- 
plied  to  the  inputs  of  a  frequency  comparator.  The 
output  signal  from  the  frequency  comparator  is 
passed  through  a  low-pass  filter  to  thereby  derive 
the  frequency  comparison  signal,  which  is  applied 
to  respective  inputs  of  two  latch  memory  circuits. 
The  frequency  division  ratios  of  the  variable  fre- 
quency  dividers  are  respectively  controlled  by  a 
controller  to  selectively  establish  two  different  com- 
binations  of  these  frequency  division  ratios,  while 
the  controller  also  controls  latch  operations  by  the 
latch  memory  circuits.  The  values  of  the  reference 
frequency  and  the  frequency  division  ratios  are 
selected  such  that,  with  one  of  these  combinations 
of  frequency  division  ratios  established  by  the  con- 
troller,  the  center  frequency  of  the  intermediate 
frequency  signal  is,  in  effect,  compared  with  the 
upper  limit  frequency  referred  to  above,  while  with 
the  other  combination  of  frequency  division  ratios 
established,  the  center  frequency  of  the  intermedi- 
ate  frequency  signal  is,  in  effect,  compared  with 
the  lower  limit  frequency  referred  to  above. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  block  circuit  diagram  of  a  prior  art 
example  of  an  A.F.C.  system  for  an  FM  receiver; 
Fig.  2  is  a  circuit  diagram  of  a  frequency  error 
detection  circuit  used  in  the  example  of  Fig.  1; 
Fig.  3  is  a  block  circuit  diagram  of  an  example 
of  an  A.F.C.  system  for  a  broad-band  FM  recep- 
tion,  which  has  been  previously  proposed  by  the 
assignee  of  the  present  invention; 
Fig.  4  is  a  graph  of  the  variation  of  DC  voltage 
component  of  an  output  signal,  with  respect  to 
an  input  signal  frequency  difference,  for  a  digital 
type  of  frequency  comparator; 
Fig.  5  is  a  circuit  diagram  of  an  example  of  a 
digital  type  of  frequency  comparator; 
Figs.  6A  and  6B  respectively  show  the  relation- 
ships  between  the  output  voltage  level  and  the 
I.F.  center  frequency,  from  the  low-pass  filters 
shown  in  the  circuit  of  Fig.  5; 
Fig.  7  is  a  block  circuit  diagram  of  a  first  em- 
bodiment  of  the  present  invention; 
Figs.  8A  and  8B  respectively  show  the  relation- 
ships  between  the  output  voltage  level  and  the 
I.F.  center  frequency,  from  two  latch  memory 
circuits  shown  in  the  circuit  of  Fig.  7; 
Fig.  9  is  a  graph  showing  the  relationship  be- 

tween  a  delay  time  produced  by  a  low-pass  filter 
in  the  circuit  of  Fig.  7  and  the  degree  of  a 
frequency  error  detection  accuracy  which  is  pro- 
vided  by  the  A.F.C.  system; 

5  Fig.  10A  and  10B  respectively  show  the  relation- 
ships  between  I.F.  signal  center  frequency  and 
output  signals  from  a  first  and  a  second  latch 
memory  circuit  in  the  embodiment  of  Fig.  7, 
during  an  A.F.C.  pull-in  operation; 

io  Fig.  11  is  a  block  circuit  diagram  of  a  second 
embodiment  of  the  present  invention; 
Fig.  12  shows  the  relationship  between  the  I.F. 
signal  center  frequency  and  the  output  signal 
from  the  first  latch  memory  circuit  in  the  em- 

is  bodiment  of  Fig.  7  during  A.F.C.  pull-in  opera- 
tion,  while  Fig.  13  shows  the  same  relationship 
when  A.F.C.  pull-in  is  completed; 
Fig.  14  shows  the  variation  with  respect  to  the 
time  axis  of  successive  local  oscillator  frequency 

20  shifts  performed  during  the  example  of  A.F.C 
pull-in  operation  shown  in  Figs.  12  and  13,  and 
the  corresponding  variations  of  latch  memory 
output  signals; 
Fig.  15  is  an  example  of  a  circuit  for  converting 

25  the  output  signals  from  the  first  and  second 
latch  memory  circuits  into  a  correction  indication 
signal  and  correction  direction  signals; 
Fig.  16  is  a  flow  diagram  of  operations  executed 
by  a  microprocessor  to  implement  various  func- 

30  tions  of  a  controller  and  a  synthesizer  circuit  of 
the  embodiment  of  Fig.  7,  and; 
Fig.  17  is  a  flow  diagram  of  operations  executed 
by  a  microprocessor  to  implement  various  func- 
tions  of  a  controller  and  a  synthesizer  circuit  of 

35  the  embodiment  of  Fig.  11. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

40  A  first  embodiment  of  an  A.F.C.  system  ac- 
cording  to  the  present  invention  will  be  described 
referring  to  the  block  diagram  of  Fig.  7.  In  Fig.  7, 
blocks  which  correspond  to  blocks  in  the  A.F.C. 
system  example  of  Fig.  3  are  designated  by  cor- 

45  responding  reference  numerals.  A  received  FM  sig- 
nal  (e.g.  supplied  from  a  down-converter)  is  applied 
from  an  input  terminal  1  through  an  H.F.  amplifier  2 
to  a  mixer  3,  to  produce  a  FM  I.F.  signal  which  is 
passed  through  an  I.F.  amplifier  6  to  be  demodu- 

50  lated  by  a  FM  demodulator  7.  A  demodulated  FM 
signal  thereby  appears  on  an  output  terminal  8. 
The  frequency  of  oscillation  of  a  voltage-controlled 
local  oscillator  4  is  determined  by  a  control  voltage 
which  is  produced  by  a  frequency  control  voltage 

55  synthesizer  circuit  5.  The  combination  of  the  fre- 
quency  control  voltage  synthesizer  circuit  5  and  the 
local  oscillator  4  will  be  assumed  in  the  following  to 
constitute  a  PLL  (phase  lock  loop)  circuit,  however 

6 
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the  invention  is  also  applicable  to  a  receiver  sys- 
tem  employing  a  voltage  synthesizer  circuit  for  the 
control  of  the  local  oscillator  frequency  which  em- 
ploys  a  digital/analog  converter  to  produce  a  fre- 
quency  control  voltage,  for  example. 

A  reference  frequency  of  high  frequency  accu- 
racy  is  generated  by  a  reference  frequency  oscilla- 
tor  11,  which  employs  a  quartz  crystal  vibrator 
element  21.  The  oscillation  frequency  of  reference 
signal  oscillator  11  will  be  designated  as  Fs.  The 
reference  frequency  and  I.F.  signal  are  supplied  to 
variable  frequency  dividers  22  and  23  (i.e.  fre- 
quency  dividers  whose  respective  division  ratios 
can  be  controllably  set  to  at  least  two  different 
values)  respectively,  and  whose  output  signals  are 
applied  to  a  frequency  comparator  24. 

The  circuit  section  25  shown  surrounded  by  a 
broken-line  outline  in  Fig.  7  is  a  PLL  (phase  lock 
loop)  LSI  section  in  this  embodiment  i.e.  a  circuit 
portion  contained  within  a  generally  used  type  of 
frequency  synthesizer  circuit  formed  in  an  inte- 
grated  circuit.  The  frequency  division  ratios  of  the 
variable  frequency  dividers  22  and  23  are  con- 
trolled  by  a  signal  applied  from  a  controller  27, 
which  is  implemented  externally  to  the  LSI  section 
25.  The  variable  frequency  divider  22  can  be  set  to 
either  of  two  frequency  division  ratios  designated 
as  N|H  and  N!L,  while  the  variable  frequency  divider 
23  can  be  set  to  two  frequency  division  ratios  NSH 
and  NSL.  The  frequency  comparator  24  is  prefer- 
ably  of  digital  configuration,  e.g.  as  shown  in  Fig.  5 
above,  having  the  relationship  between  the  input 
signal  phase  and  output  voltage  shown  in  Fig.  4, 
i.e.  with  the  output  voltage  from  the  frequency 
comparator  24  attaining  the  H  level  if  the 
frequency-divided  I.F.  signal  applied  thereto  from 
variable  frequency  divider  22  is  higher  than  the 
frequency-divided  reference  signal  applied  thereto 
from  variable  frequency  divider  23,  and  attaining 
the  L  level  if  the  frequency-divided  I.F.  signal  is 
lower  than  the  frequency-divided  reference  signal. 
The  AC  components  of  the  output  signal  from  the 
frequency  comparator  24  (e.g.  the  reference  fre- 
quency  component)  are  removed  by  a  LPF  26,  to 
thereby  derive  a  frequency  comparison  signal. 

Designating  the  specified  I.F.  frequency  as  fo, 
the  upper  and  lower  limit  frequencies  of  the  fre- 
quency  error  range  (defined  hereinabove)  as  fH  and 
fL,  the  following  relationships  must  be  satisfied  by 
the  selected  values  of  N!H,  NSH,  N!L,  NSL  and  Fs: 

fH  =  Fs  .  NIH/NSH  (6) 
fL  =  Fs  .  NIL/NSL  (7) 
fL  <  fo  <  fH  (8) 

The  logic  level  of  the  frequency  comparison 
signal  from  the  LPF  26  is  memorized  in  each  of  a 
pair  of  latch  memory  circuits  28  and  29,  at  timings 

determined  by  signals  applied  to  the  latch  memory 
circuits  28  and  29  from  the  controller  27.  The 
relationships  between  the  output  signals  from  latch 
memory  circuits  28  and  29,  i.e.  the  frequency  com- 

5  parison  signal  levels  memorized  therein,  and  the 
I.F.  signal  frequency,  are  shown  in  Figs.  8A  and 
8B. 

The  basic  operation  of  the  embodiment  of  Fig. 
7  is  as  follows.  Firstly,  if  it  is  assumed  that  the 

io  center  frequency  of  the  I.F.  signal  is  within  the 
predetermined  frequency  error  range,  i.e.  the  cen- 
ter  frequency  is  higher  than  the  lower  limit  fre- 
quency  fL  and  lower  than  the  upper  limit  frequency 
fH,  then  controller  27  controls  the  operation  of  the 

is  variable  frequency  dividers  22  and  23  such  as 
successively  and  alternately  switch  this  operation 
between  a  first  operating  status  in  which  the  vari- 
able  frequency  dividers  of  the  variable  frequency 
dividers  22  and  23  are  N!H  and  NSh  respectively, 

20  and  a  second  status  in  which  these  variable  fre- 
quency  dividers  are  N!L  and  NSl  respectively.  After 
the  first  status  has  been  established,  so  that  the 
center  frequency  of  the  I.F.  signal  is  compared  with 
the  upper  limit  frequency  fH  (  =fs  .  N|H/NSh)  of  the 

25  frequency  error  range,  the  controller  27  waits  for  a 
sufficient  length  of  time  (detection  delay  time,  as 
described  hereinafter)  for  the  output  signal  level 
from  LPF  26,  i.e.  the  frequency  comparison  signal, 
to  attain  a  level  which  correctly  represents  the 

30  result  of  this  frequency  comparison  operation.  If  the 
center  frequency  of  the  I.F.  signal  is  lower  than  the 
upper  limit  frequency  fH,  then  when  comparison  is 
performed  with  the  frequency  division  ratios  set  to 
N|H  and  NSh  the  frequency  comparison  signal  will 

35  be  at  the  L  level,  so  that  this  L  level  state  is  stored 
as  data  in  the  latch  memory  circuit  28,  while  if  the 
center  frequency  of  the  I.F.  signal  is  higher  than  fH 
then  the  frequency  comparison  signal  will  be  at  the 
H  level,  and  this  state  will  be  stored  in  the  latch 

40  memory  circuit  28. 
Similarly,  after  the  second  operating  status  of 

the  variable  frequency  dividers  22  and  23  has  been 
established,  so  that  the  center  frequency  of  the  I.F. 
signal  is  compared  with  the  lower  frequency  limit  fL 

45  (  =fs  .  N|L/NSl)  of  the  frequency  error  range,  the 
controller  27  waits  for  the  detection  delay  time  to 
elapse,  and  then  stores  the  output  signal  level  from 
the  LPF  26,  i.e.  the  frequency  comparison  signal 
level,  in  the  latch  memory  circuit  29.  If  the  center 

50  frequency  of  the  I.F.  signal  is  lower  than  the  lower 
limit  frequency  fL,  then  the  frequency  comparison 
signal  will  be  at  the  L  level  in  this  case  ,  so  that  an 
L  level  state  is  stored  as  data  in  the  latch  memory 
circuit  29  while  if  the  center  frequency  of  the  I.F. 

55  signal  is  higher  than  fL,  the  frequency  comparison 
signal  will  be  at  the  H  level,  and  this  state  will  be 
stored  in  the  latch  memory  circuit  29. 

It  will  be  apparent  from  Figs.  8A  and  8B  that 
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the  combination  of  data  stored  in  the  latch  memo- 
ries  28  and  29  (and  hence  the  output  signal  levels 
produced  by  the  latch  memories  28  and  29  respec- 
tively)  following  such  a  data  storage  operation  will 
indicate  the  current  relationship  between  the  center 
frequency  of  the  I.F.  signal  and  the  predetermined 
frequency  error  range.  That  is  to  say,  if  the  output 
signal  from  the  latch  memory  circuit  29  is  at  the  L 
level,  then  this  indicates  that  the  center  frequency 
of  the  I.F.  signal  is  below  the  lower  limit  frequency 
fL,  i.e.  the  data  contents  of  the  latch  memory  cir- 
cuits  28  and  29  indicate  that  the  center  frequency 
of  the  I.F.  signal  must  be  adjusted  upwards,  to 
bring  that  frequency  back  within  the  frequency 
error  range.  If  the  output  signal  from  the  latch 
memory  circuits  28  is  at  the  H  level,  then  this 
indicates  that  the  center  frequency  of  the  I.F.  signal 
is  higher  than  the  upper  limit  frequency  fH,  so  that 
the  center  frequency  must  be  adjusted  downwards. 
If  on  the  other  hand  the  output  signal  from  the  latch 
memory  circuit  28  is  at  the  L  level  while  the  output 
signal  from  the  latch  memory  circuit  29  is  at  the  H 
level,  then  this  indicates  that  the  center  frequency 
of  the  I.F.  signal  is  within  the  predetermined  fre- 
quency  error  range,  so  that  no  adjustment  of  the 
center  frequency  is  necessary. 

Each  time  that  the  controller  27  has  stored  new 
data  in  the  latch  memory  circuit  28  or  the  latch 
memory  circuit  29,  the  synthesizer  circuit  5  makes 
a  judgement  as  to  whether  the  combination  of  data 
stored  in  the  latch  memory  circuit  28  and  the  latch 
memory  circuit  29  indicates  that  the  center  fre- 
quency  of  the  I.F.  signal  is  within  the  predeter- 
mined  frequency  error  range,  or  whether  the  data 
indicates  that  a  correction  of  the  center  frequency 
is  required.  If  a  correction  is  required,  then  the 
synthesizer  circuit  5  judges  from  the  stored  data  in 
the  latch  memory  circuits  28  and  29  the  direction 
required  for  this  correction.  If  correction  is  found  to 
be  necessary,  then  the  synthesizer  circuit  5  applies 
a  fixed  change  in  voltage  to  the  frequency  control 
voltage  supplied  to  the  local  oscillator  4,  with  the 
direction  of  this  voltage  change  and  hence  the 
direction  of  the  resultant  frequency  change  of  the 
local  oscillator  frequency  being  determined  by  the 
direction  of  correction  required,  and  with  the  am- 
plitude  of  the  change  in  frequency  control  voltage 
(and  hence  the  amplitude  of  the  resultant  change  in 
local  oscillator  frequency)  being  a  fixed  quantity. 

If  for  example,  following  a  frequency  compari- 
son  with  the  frequency  division  ratios  of  the  vari- 
able  frequency  dividers  22  and  23  set  to  N!H  and 
NSH  respectively,  the  center  frequency  of  the  I.F. 
signal  is  found  to  be  higher  than  the  upper  fre- 
quency  limit  fH  when  the  contents  of  the  latch 
memory  circuits  28  and  29  are  judged,  then  the 
synthesizer  circuit  5  acts  to  lower  the  local  oscilla- 
tor  frequency  by  a  fixed  amount  (e.g.  200  kHz). 

The  frequency  division  ratios  of  the  variable  fre- 
quency  dividers  22  and  23  are  held  unchanged, 
and  after  the  requisite  detection  delay  time,  the 
frequency  comparison  signal  state  is  stored  in  the 

5  latch  memory  circuit  28.  If  the  resultant  output 
signal  from  the  latch  memory  circuit  28  is  now 
judged  to  be  at  the  H  level,  indicating  that  further 
frequency  correction  is  required,  the  above  se- 
quence  of  steps  is  repeated,  to  further  lower  the 

io  local  oscillator  frequency  by  the  fixed  amount. 
These  operations  are  repetitively  continued  until  it 
is  judged  that  the  output  signal  from  the  latch 
memory  circuit  28  is  at  the  L  level,  i.e.  that  the 
center  frequency  of  the  I.F.  signal  is  below  the 

is  upper  limit  frequency  fH. 
In  the  above  description,  the  controller  27  and 

the  synthesizer  circuit  5  have  been  described  as 
operating  mutually  separately.  However  in  an  actual 
A.F.C.  system  most  of  the  functions  performed  by 

20  the  controller  27  and  the  synthesizer  circuit  5,  other 
than  the  production  of  a  frequency  control  voltage, 
can  be  executed  by  a  single  control  means,  i.e.  by 
a  single  microprocessor  which  has  been  suitably 
programed. 

25  As  stated  hereinabove  with  reference  to  the 
example  of  Fig.  3,  it  is  desirable  that  the  degree  of 
the  frequency  control  accuracy  provided  by  the 
A.F.C.  circuit  should  be  within  approximately  ±  300 
kHz,  i.e.  the  frequency  error  range  should  ±  300 

30  kHz  with  respect  to  the  specified  center  frequency 
of  the  I.F.  signal.  Thus  each  of  the  quantities  (Fs  . 
Nih/NSh  -  fo),  and  (fo  -  Fs  .  N|L/NSl)  should  be 
selected  to  be  within  300  kHz.  To  lower  the  modu- 
lation  index  of  the  frequency-divided  I.F.  signal  to  a 

35  sufficient  degree  such  as  to  ensure  that  an  erro- 
neous  operation  of  the  frequency  comparator  24 
will  not  result  due  to  the  FM  modulation  of  the  I.F. 
signal,  each  of  the  frequency  division  ratios  N!H  and 
N|L  should  be  made  equal  to  approximately  50,000. 

40  For  example,  assuming  that  the  specified  I.F.  fre- 
quency  is  510  MHz,  the  frequency  of  the  reference 
frequency  is  4  MHz,  the  conditions  outlined  above 
will  be  satisfied  for  the  following  values: 
frequency  division  ratio  N!H  =  51030, 

45  frequency  division  ratio  N!L  =  50970,  and 
reference  frequency  frequency  division  ratios  NSH 
=  NSL  =  400. 

In  the  embodiment  of  Fig.  7,  the  I.F.  signal  is 
applied  directly  to  the  variable  frequency  divider  22 

50  which  is  contained  within  a  PLL-LSI  section  25. 
However  if  necessary,  preliminary  frequency  di- 
vision  of  the  I.F.  signal  can  be  performed  using  a 
pre-scaler  before  the  I.F.  signal  is  supplied  to  PLL- 
LSI  section  25.  In  this  case  the  overall  frequency 

55  division  ratio  for  the  I.F.  signal  will  be  the  product 
of  the  frequency  division  ratio  of  the  pre-scaler  and 
the  variable  frequency  divider  which  is  contained 
within  the  PLL-LSI  section  25. 
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In  the  above  embodiment,  the  frequency  di- 
vision  ratios  of  the  variable  frequency  divider  23 
are  NSH  =  NSL.  However,  if  a  pre-scaler  is  used, 
and  the  pre-scaler  is  used  for  the  reference  fre- 
quency,  and  this  has  a  frequency  division  ratio  of 
NP,  then  the  actual  frequency  division  ratios  ap- 
plied  to  the  reference  frequency  will  be  NP  .  NSH 
and  NP  .  NSL.  As  a  result  there  will  be  a  reduction 
of  freedom  to  select  desired  values  for  the  effective 
frequency  division  ratios.  In  order  to  maximize  the 
degree  of  accuracy  of  establishing  the  frequency 
error  range  limits,  it  is  important  that  NSH  and  NSL 
can  be  arbitrarily  selected. 

In  recent  years  it  has  become  general  practice 
to  perform  the  setting  of  the  frequency  division 
ratios  within  a  circuit  such  as  that  of  section  25  by 
a  suitably  programed  microprocessor.  Thus  as  pre- 
viously  stated,  such  a  microprocessor  can  also 
perform  the  functions  of  the  controller  27,  and  in 
addition  could  perform  those  of  the  latch  memory 
circuits  28  and  29,  while  if  the  synthesizer  circuit  5 
employs  a  voltage  synthesizer  type  of  PLL  based 
on  a  D/A  converter,  then  the  functions  of  syn- 
thesizer  circuit  5  could  also  be  realized  by  micro- 
processor  control. 

The  first  embodiment  of  the  present  invention 
described  above  with  reference  to  Fig.  7  provides 
the  advantage  of  highly  accurate  frequency  control, 
as  does  the  example  of  Fig.  3.  However  the  em- 
bodiment  of  the  present  invention  shown  in  Fig.  7 
has  the  further  advantage  of  a  more  simple  circuit 
configuration,  since  it  is  only  necessary  to  use  a 
single  frequency  comparator  and  a  single  low-pass 
filter.  Thus,  an  A.F.C.  system  according  to  the 
present  invention  can  be  manufactured  at  lower 
cost  than  an  A.F.C.  system  such  as  that  of  Fig.  3. 

The  modulation  index  of  the  I.F.  signal  in  a 
receiver  for  the  reception  of  wide-band  FM  signals 
(e.g.  from  an  earth  satellite)  is  fairly  high.  This  can 
result  in  an  erroneous  operation  of  the  frequency 
comparator  of  an  A.F.C.  system  according  to  the 
present  invention,  if  the  frequency  comparator  is  of 
digital  type  having  the  configuration  of  Fig.  5  and 
the  input/output  characteristic  of  Fig.  4.  In  order  to 
sufficiently  reduce  the  modulation  index  of  the 
frequency-divided  I.F.  signal  therefore,  it  is  neces- 
sary  to  make  the  frequency  division  ratios  N!H  and 
N|L  sufficiently  high,  in  order  to  ensure  a  correct 
operation  of  the  frequency  comparator.  Further- 
more  in  the  case  of  a  signal  transmitted  from  an 
earth  satellite  containing  a  video  signal  component, 
an  energy  dispersal  signal  is  superimposed  on  the 
video  signal  before  transmission,  in  order  to  pre- 
vent  certain  reception  failure  conditions,  which  do 
not  arise  in  the  case  of  land-based  microwave  radio 
communication  systems.  The  frequency  of  the  en- 
ergy  dispersal  signal  is  typically  30  Hz,  producing 
a  corresponding  FM  modulation  deviation  of  2  MHz 

p-p  (approximately).  Thus  the  modulation  index  re- 
sulting  from  the  energy  dispersal  signal  is  approxi- 
mately  67,000.  Thus  it  is  necessary  to  use  fre- 
quency  division  ratios  which  are  each  greater  than 

5  approximately  50,000  for  the  I.F.  signal  variable 
frequency  divider.  Due  to  the  use  of  such  a  high 
value  of  frequency  division  ratio,  the  frequency 
difference  between  the  frequency-divided  I.F.  sig- 
nal  and  the  reference  frequency  at  the  input  to  the 

io  frequency  comparator  (i.e.  frequency  comparator 
25  in  the  above  embodiment)  will  be  only  1/50,000 
of  the  difference  between  the  detection  limit  fre- 
quencies  Fs  .  N|H/NSH  and  Fs  .  N|L/NSL. 

For  example  a  frequency  difference  of  300  kHz 
is  within  the  I.F.  band  will  be  converted  into  a  fre- 

quency  difference  of  6  Hz  at  the  input  to  the 
frequency  comparator  24,  so  that  the  frequency 
comparator  output  will  contain  a  6  Hz  component. 
In  order  to  integrate  this  6  Hz  signal  component, 

20  and  thereby  obtain  the  DC  component  of  the  fre- 
quency  comparator  output  as  the  frequency  com- 
parison  signal,  it  is  necessary  that  the  integrating 
means  (i.e.  LPF  26  in  the  above  embodiment)  will 
cause  the  frequency  comparison  signal  to  lag  be- 

25  hind  the  frequency  comparator  output  by  an 
amount  which  is  at  least  equal  to  one  period  of  the 
6  Hz  signal.  Thus,  a  lag  of  approximately  0.17 
seconds  will  occur  before  the  change  in  level  of  the 
frequency  comparator  output  signal  is  translated 

30  into  a  corresponding  change  in  logic  level  of  the 
frequency  comparison  signal.  It  can  thus  be  under- 
stood  that  the  closer  the  frequency  error  detection 
limits  (fL  and  fH)  approach  the  specified  I.F.  fre- 
quency,  i.e.  the  more  accurate  the  frequency  com- 

35  parison  operation  is  to  be  made,  the  longer  will 
become  the  time  required  for  the  frequency  com- 
parison  signal  to  reach  a  correct  level  after  the  I.F. 
signal  moves  out  of  the  frequency  error  range.  That 
is  to  say,  as  the  desired  accuracy  of  the  frequency 

40  comparison  is  increased,  the  lower  will  become  the 
frequency  components  of  the  output  signal  pro- 
duced  from  the  frequency  comparator  circuit  (for 
example,  from  the  frequency  comparator  circuit  24 
in  Fig.  7),  so  that  the  time  constant  of  the  low-pass 

45  filter  required  to  derive  the  DC  component  of  the 
frequency  comparator  circuit  output  signal  (LPF  26 
in  Fig.  7)  must  be  correspondingly  increased.  This 
relationship  is  illustrated  in  the  graph  of  Fig.  9. 
Thus  an  appreciable  time  delay  will  elapse  be- 

50  tween  the  time  of  executing  a  frequency  compari- 
son  operation  and  the  subsequent  time  at  which 
the  frequency  comparison  signal  level  will  accu- 
rately  indicate  the  result  of  that  comparison.  Each 
time  that  frequency  comparison  operation  is  ini- 

55  tiated,  therefore,  it  is  necessary  for  the  system  to 
wait  for  a  predetermined  "detection  delay  time", 
before  storing  the  level  of  the  frequency  compari- 
son  signal  in  the  appropriate  latch  memory  circuit 
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28  or  29.  diagram.  As  can  be  understood  from  Fig. 
9,  the  detection  delay  time  should  be  made  ap- 
proximately  one  second,  if  the  frequency  accuracy 
is  to  be  held  to  50  kHz,  i.e.  if  correction  overshoot 
resulting  from  A.F.C.  operation  is  to  be  limited  to 
50  kHz. 

The  process  of  A.F.C.  pull-in  operation  will  now 
be  described,  i.e.  operation  to  bring  the  center 
frequency  of  the  I.F.  signal  within  the  predeter- 
mined  frequency  error  range  after  that  center  fre- 
quency  has  been  moved  substantially  out  of  the 
frequency  error  range  as  a  result  of  a  tuning  opera- 
tion  to  change  the  reception  channel.  In  the  follow- 
ing  it  will  be  assumed  that  the  maximum  pull-in 
range  of  the  A.F.C.  system  is  3  MHz,  that  the 
center  frequency  of  the  I.F.  frequency  is  in  error  by 
3  kHz  relative  to  the  predetermined  I.F.  frequency, 
the  frequency  control  accuracy  is  to  be  50  kHz  (so 
that  a  1  -second  detection  delay  time  is  required) 
and  that  a  fine-adjustment  frequency  control  of  the 
local  oscillator  frequency  is  performed  in  discrete 
frequency  shifts,  each  of  200  kHz.  In  this  case, 
after  a  tuning  operation  is  performed  to  select 
reception  of  a  new  channel  frequency,  the  center 
frequency  of  the  I.F.  signal  will  be  moved  in  suc- 
cessive  steps  of  200  kHz  by  the  control  operation 
of  the  controller  27  and  the  synthesizer  circuit  5,  as 
described  hereinabove,  i.e.  by  successive  steps  of 
the  fine  frequency  adjustment  of  the  local  oscillator 
frequency  by  200  kHz.  This  process  is  illustrated  in 
Figs.  10A  and  10B.  As  shown,  a  total  of  14  of  such 
frequency  shifts  will  be  required  before  the  center 
frequency  of  the  I.F.  signal  is  pulled  into  the  fre- 
quency  error  range,  i.e.  until  an  A.F.C.  lock  opera- 
tion  is  achieved.  Thus  the  total  time  required  to 
achieve  A.F.C.  pull-in  will  be  (1  second  x  14)  =  14 
seconds,  assuming  that  the  successive  200  kHz 
fine-adjustment  frequency  shifts  are  separated  by 
the  one-second  detection  delay  intervals  referred  to 
above,  i.e.  the  1  second  delay  time  which  is  re- 
quired  during  the  normal  A.F.C.  operation  in  order 
to  prevent  an  overshoot  of  the  frequency  correction 
due  to  the  frequency  comparison  signal  lag  time 
mentioned  hereinabove. 

This  excessive  length  of  time  required  for 
A.F.C.  pull-in  to  be  completed  is  a  serious  problem. 
It  should  be  noted  that  a  similar  problem  arises 
with  a  prior  art  type  of  A.F.C.  system  such  as  that 
of  Fig.  1  described  hereinabove.  In  that  case  it  is 
necessary  to  utilize  a  low-pass  filter  to  derive  the 
DC  component  of  the  demodulated  signal,  and  to 
compare  this  DC  level  with  a  reference  level  in 
order  to  detect  a  frequency  error  of  the  center 
frequency  of  the  I.F.  signal.  In  the  case  of  signal 
transmissions  from  an  earth  satellite,  having  an 
energy  dispersal  component  superimposed  on  the 
video  signal,  it  is  necessary  for  this  low-pass  filter 
to  have  a  substantially  high  value  of  time  constant, 

in  order  to  prevent  errors  in  the  operation  of  the 
frequency  detection  circuits.  Due  to  the  time  lag 
introduced  by  this  low-pass  filter,  it  is  necessary  to 
apply  a  detection  waiting  time,  i.e.  time  delay  to 

5  the  transfer  of  the  output  from  the  frequency  error 
detection  circuit  10  to  the  synthesizer  circuit  5.  As 
the  accuracy  of  the  frequency  control  is  increased, 
it  is  necessary  to  correspondingly  lengthen  this 
time  delay,  so  that  the  problem  of  lengthy  A.F.C. 

io  pull-in  time  also  occurs  with  such  a  prior  art  circuit. 
A  second  embodiment  of  the  present  invention 

will  now  be  described,  referring  first  to  Figs.  11  and 
12,  whereby  the  problem  of  long  A.F.C.  pull-in  time 
after  a  channel  tuning  change  is  substantially  over- 

15  come.  Referring  first  to  Fig.  11  ,  the  block  des- 
ignated  as  frequency  error  detection  circuit  36  con- 
sists  of  the  combination  of  circuit  blocks  in  the 
embodiment  of  Fig.  7  which  receive  the  I.F.  signal 
and  produce  as  outputs  the  first  and  second  latch 

20  memory  circuits  from  latch  memory  circuits  28  and 
29  respectively  over  output  lines  designated  as  28a 
and  28b  respectively,  i.e.  the  controller  27,  the 
variable  frequency  dividers  22  and  23,  the  refer- 
ence  signal  oscillator  1  1  ,  the  frequency  comparator 

25  24,  the  LPF  26  and  the  latch  memory  circuits  28, 
29.  However  it  should  be  noted  that  this  second 
embodiment  is  also  applicable  to  the  previously 
filed  application  by  the  assignee  of  the  present 
invention  described  above  with  reference  to  Fig.  3, 

30  in  which  case  block  36  would  correspond  to  the 
combination  of  blocks  which  receive  the  I.F.  signal 
from  I.F.  amplifier  6  and  produce  frequency  com- 
parison  signals  from  LPFs  14  and  15. 

Numeral  35  denotes  a  synthesizer  circuit  for 
35  determining  and  adjusting  a  frequency  control  volt- 

age  which  is  applied  to  a  local  oscillator  4,  in 
accordance  with  a  combination  of  output  signals 
applied  over  latch  memory  output  lines  29a,  29b, 
as  in  the  case  of  the  first  embodiment  described 

40  with  reference  to  Fig.  7.  Numeral  37  denotes  a 
controller,  having  essentially  the  same  functions  as 
those  of  the  controller  27  of  the  first  embodiment 
described  above,  but  in  addition  having  the  func- 
tion  of  determining  the  value  of  a  variable  detection 

45  delay  time,  as  described  hereinafter.  Numeral  34 
denotes  an  input  terminal  which  is  coupled  to  re- 
ceive  a  tuning  command  signal,  i.e.  a  signal  des- 
ignating  a  change  in  reception  channel  frequency 
by  execution  of  a  specific  change  in  the  level  of 

50  control  voltage  applied  to  local  the  oscillator  4  by  a 
synthesizer  circuit  35.  The  controller  37  and  the 
synthesizer  circuit  35  are  each  coupled  to  receive 
this  tuning  command  signal  from  terminal  34.  The 
controller  37  sets  the  detection  delay  time  (i.e.  the 

55  delay  time  produced  by  the  signal  input  section)  to 
one  of  two  different  values,  one  of  which  is  sub- 
stantially  lower  than  the  other,  in  accordance  with 
whether  the  system  is  operating  in  an  A.F.C  pull-in 
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condition  or  has  achieved  A.F.C  control.  Specifi- 
cally,  during  the  continuous  reception  of  a  specific 
channel,  i.e.  normal  reception  operation,  this  delay 
time  is  held  at  a  sufficiently  large  value  to  ensure  a 
high  requisite  degree  of  frequency  control  accu- 
racy.  As  in  the  first  embodiment  described  above, 
this  frequency  control  accuracy  will  be  assumed  to 
be  50  kHz,  so  that  a  detection  delay  time  of  one 
second  is  required  during  normal  A.F.C.  control 
operation.  When  a  tuning  operation  is  performed  to 
change  the  frequency  of  the  selected  channel,  the 
center  frequency  of  the  I.F.  signal  of  the  newly 
selected  channel  will  in  general  be  substantially 
displaced  from  the  specified  I.F.  frequency,  and  so 
must  be  brought  towards  that  frequency  by  an 
A.F.C.  pull-in  operation.  With  this  embodiment  of 
the  present  invention,  when  such  a  tuning  operation 
is  detected  by  the  controller  37  (from  the  tuning 
command  signal  applied  thereto),  then  the  control- 
ler  37  acts  to  change  the  detection  time  delay  to  a 
value  which  is  substantially  shorter  than  that  for 
normal  operation,  e.g  preferably  in  the  range  of  0.1 
to  0.3  times  the  delay  value  for  normal  operation. 
As  a  result,  A.F.C.  pull-in  is  accomplished  in  a 
substantially  shorter  time. 

Subsequently,  when  the  controller  37  judges 
from  the  contents  of  the  latch  memories  28  and  29 
(as  described  hereinabove  for  the  first  embodi- 
ment)  that  that  the  center  frequency  of  the  I.F. 
signal  has  been  brought  within  the  upper  and  lower 
limits  frequencies  fH  and  fL  then  the  controller  37 
immediately  changes  the  detection  delay  time  to 
the  normal  value  (i.e.  one  second,  in  the  example 
given  above).  Due  to  this  immediate  restoration  of 
the  normal  delay  time,  the  next  frequency  shift 
executed  by  the  synthesizer  circuit  35  will  not 
result  in  a  large  overshoot  of  the  center  frequency 
of  the  I.F.  signal  beyond  the  frequency  error  range, 
as  would  otherwise  occur.  Thereafter,  with  the  cen- 
ter  frequency  of  the  I.F.  signal  now  brought  within 
the  predetermined  frequency  error  range,  the  nor- 
mal  A.F.C.  operation  to  hold  the  I.F.  frequency 
within  that  frequency  error  range  is  executed  as 
described  hereinabove  with  reference  to  the  first 
embodiment. 

This  A.F.C.  pull-in  operation  of  the  second  em- 
bodiment  is  illustrated  in  Figs.  12,  13  and  14.  It  is 
assumed  that,  following  a  tuning  operation  to 
change  to  a  new  channel  frequency,  the  center 
frequency  of  the  I.F.  signal  is  displaced  from  the 
specified  I.F.  frequency  by  3  MHz,  and  that  the 
amount  of  each  frequency  adjustment  shift  is  limit- 
ed  to  200  kHz.  Upon  input  of  the  tuning  command 
signal  from  terminal  34,  the  controller  37  changes 
the  delay  time  produced  by  the  signal  input  section 
35c  from  the  normal  value  (e.g.  1  second)  to  a 
shorter  value  which  will  be  assumed  to  be  0.1 
seconds.  Thereafter,  each  of  the  200  kHz  succes- 

sive  shifts  in  the  center  frequency  of  the  I.F.  signal 
which  are  numbered  from  1  to  17  in  Figs.  12  to  14 
will  occur  at  intervals  of  0.1  seconds.  As  a  result  of 
the  14th  of  these  200  kHz  frequency  shifts,  i.e.  at 

5  time  tA  shown  in  Fig.  14,  the  center  frequency  of 
the  I.F.  signal  will  fall  below  the  upper  limit  fre- 
quency  fH  of  the  frequency  error  range,  which  in 
this  example  is  +300  kHz  with  respect  to  the 
predetermined  center  frequency.  However  due  to 

io  the  delay  produced  by  the  LPF  26  as  described 
above,  the  output  from  the  latch  memory  circuit  28 
will  only  change  from  the  H  to  the  L  level 
(indicating  that  the  center  frequency  has  come 
below  the  upper  limit  frequency  fH)  at  a  subsequent 

is  time  indicated  as  tB  in  Fig.  14,  i.e.  after  the  17'th 
200  kHz  frequency  shift  has  been  initiated,  in  this 
example.  When  this  L  level  condition  of  the  latch 
memory  28  output  is  detected  by  the  controller  37, 
the  detection  delay  time  is  immediately  changed  to 

20  1  second.  As  a  result,  although  the  17th  frequency 
shift  may  have  moved  the  center  frequency  of  the 
I.F.  signal  slightly  below  the  lower  limit  frequency 
fL,  the  subsequent  one-second  detection  delay  time 
will  allow  the  frequency  control  signal  (and  hence 

25  the  output  from  the  latch  memory  29)  to  fall  from 
the  H  to  the  L  level  before  the  memory  contents 
are  next  judged  by  the  controller  37.  At  that  time, 
the  controller  37  recognizes  from  the  L  level  con- 
dition  of  the  output  from  the  latch  memory  29  that 

30  the  center  frequency  of  the  I.F.  signal  has  fallen 
below  the  lower  limit  frequency  fL.  As  a  result,  the 
next  200  kHz  frequency  shift  (i.e.  the  18'th)  serves 
to  increase  the  center  frequency,  and  so  bring  that 
frequency  within  the  frequency  error  range.  As  a 

35  result,  at  the  start  of  the  next  1  -second  detection 
delay  interval  (i.e.  after  time  point  tc  in  Fig.  14),  the 
A.F.C.  pull-in  operation  has  been  completed,  as 
indicated  by  the  output  signal  from  the  latch  mem- 
ory  28  being  at  the  L  level  and  that  from  the  latch 

40  memory  29  being  at  the  H  level. 
It  can  be  understood  from  the  above  that,  if  the 

detection  delay  time  were  to  remain  at  0.1  seconds 
for  the  18'th  frequency  step,  then  the  center  fre- 
quency  of  the  I.F.  signal  would  substantially  over- 

45  shoot  the  lower  limit  frequency  fL,  i.e.  by  approxi- 
mately  500  kHz. 

It  can  thus  be  understood  that  in  this  example, 
the  total  time  required  for  the  A.F.C.  pull-in  opera- 
tion  to  be  completed  is  : 

50 
0.1  seconds  x  17  +  1  second  x  1  =2.7  seconds. 

This  is  therefore  substantially  shorter  than  the  time 
required  for  A.F.C.  pull-in  by  an  A.F.C.  system 

55  which  does  not  execute  selective  changeover  of 
the  detection  signal  delay  time  in  the  manner  as 
described  above  for  the  second  embodiment. 

If  the  delay  time  during  the  A.F.C.  pull-in  op- 
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eration  is  set  to  0.3  seconds  rather  than  0.1  sec- 
onds  in  the  above  example,  then  the  total  time 
required  for  the  completion  of  the  A.F.C.  pull-in 
operation  would  be  appoximately  5  seconds.  The 
inventor  has  found  that  the  shortened  detection 
delay  time  during  A.F.C.  pull-in  operation  should 
preferably  be  within  the  range  of  0.1  to  0.3  times 
the  value  of  the  detection  delay  time  which  is 
established  during  normal  A.F.C.  operation. 

In  the  description  of  the  above  embodiments  it 
has  been  assumed  that  the  controller  (27  or  37) 
directly  utilizes  the  data  contents  of  the  latch 
memories  28  and  29,  with  the  combination  of  the 
levels  of  these  data  contents  representing  whether 
the  center  frequency  of  the  I.F.  signal  is  within  or 
outside  the  frequency  error  range.  However  it  is 
equally  possible  to  employ  a  circuit  for  converting 
the  data  held  in  the  latch  memory  28  and  29,  i.e. 
the  output  signals  from  the  latch  memory  28  and 
29  representing  that  data,  into  a  correction  indica- 
tion  signal  whose  level  indicates  whether  correction 
of  the  center  frequency  of  the  I.F.  signal  is  re- 
quired,  and  correction  direction  signals  which  in- 
dicate  the  required  direction  for  such  a  correction. 
An  example  of  a  circuit  to  perform  this  function  is 
shown  in  Fig.  15.  Output  signals  from  the  latch 
memories  28  and  29  are  supplied  over  lines  28a, 
29a  respectively  to  the  inputs  of  an  exclusive-OR 
gate,  which  thereby  produces  an  output  signal  at 
the  L  level  if  correction  of  the  I.F.  center  frequency 
is  required,  and  at  the  H  level  if  no  correction  is 
required.  The  output  signals  from  the  latch  memory 
28  and  the  latch  memory  29  can  be  directly  em- 
ployed  as  correction  direction  signals,  as  will  be 
apparent  from  the  description  given  hereinabove 
with  reference  to  Figs.  8a  and  8B. 

As  stated  hereinabove,  the  functions  of  the 
controller  27  and  of  at  least  a  part  of  the  syn- 
thesizer  circuit  5,  in  the  first  embodiment  of  the 
invention  shown  in  Fig.  7,  can  be  implemented  by 
a  digital  microprocessor.  Fig.  16  is  a  flow  diagram 
to  illustrate  the  operation  of  such  a  microprocessor. 
When  a  channel  switching  is  executed  to  select  a 
new  reception  channel  (e.g.  by  a  tuning  command 
signal  applied  to  synthesizer  circuit  5,  causing  that 
synthesizer  circuit  5  to  make  a  predetermined 
change  in  the  local  oscillator  frequency),  the  micro- 
processor  system  (referred  to  in  the  following  sim- 
ply  as  the  system)  enters  the  operation  flow  shown 
in  Fig.  16,  at  step  41.  In  step  41,  the  system  sets 
the  frequency  division  ratios  of  the  variable  fre- 
quency  dividers  22  and  23  to  be  N!H  and  NSH 
respectively.  Next,  in  step  42,  waiting  is  performed 
for  a  detection  delay  time  of  1  second.  This  is  the 
time  required  for  a  change  in  level  of  the  output 
signal  (DC  component)  from  the  frequency  com- 
parator  24  to  result  in  a  change  in  the  logic  level  of 
the  frequency  comparator  signal  from  the  LPF  26. 

In  the  succeeding  step  43,  the  stored  contents  of 
the  latch  memory  (indicated  as  L.M.)  28  are  read 
into  the  system.  A  decision  is  then  made,  in  step 
44,  as  to  whether  the  latch  memory  contents  are  at 

5  the  H  or  the  L  level.  If  they  are  at  the  H  level  then 
this  indicates  that  the  center  frequency  of  the  I.F. 
signal  is  higher  than  the  upper  limit  frequency  fH,  in 
which  case  step  45  is  executed.  In  this  step,  the 
system  commands  the  synthesizer  circuit  5  to  de- 

io  crease  the  local  oscillator  frequency  by  200  kHz, 
and  operation  then  returns  to  step  41.  Processing 
then  successively  proceeds  around  the  loop  of 
steps  just  described,  until  it  is  detected  in  step  44 
that  the  contents  of  the  latch  memory  28  are  at  the 

is  L  level.  In  this  case,  operation  proceeds  to  step  46, 
in  which  the  system  sets  the  frequency  division 
ratios  of  the  variable  frequency  dividers  22  and  23 
to  N|L  AND  Nsl.  Operation  then  waits  for  a  detec- 
tion  delay  interval  of  1  second,  (step  47)  then 

20  proceeds  to  step  48,  in  which  the  contents  of  the 
latch  memory  29  are  read  in.  A  decision  is  then 
made  as  to  the  level  of  the  latch  memory  29  data 
(step  49),  and  if  the  data  is  at  the  L  level  (indicating 
that  the  center  frequency  of  the  I.F.  signal  is  lower 

25  than  the  lower  limit  frequency  fL),  then  the  system 
commands  the  synthesizer  circuit  5  to  increase  the 
local  oscillator  frequency  by  200  kHz.  Operation 
then  returns  to  step  46.  The  loop  of  steps  from  46 
to  50  is  then  cyclically  repeated,  until  it  is  deter- 

30  mined  in  step  49  that  the  contents  of  the  latch 
memory  29  are  at  the  H  level,  which  indicates  that 
the  center  frequency  of  the  I.F.  signal  is  higher 
than  the  lower  limit  frequency  fL,  i.e.  is  within  the 
frequency  error  range.  Operation  then  returns  to 

35  step  41  . 
It  can  thus  be  understood  from  the  flow  dia- 

gram  of  Fig.  17  that  in  this  example,  following  a 
channel  switching  operation,  the  frequency  division 
ratios  of  the  variable  frequency  dividers  22  and  23 

40  are  set  as  N!H  and  NSH.  However  it  should  be  noted 
that  it  would  be  equally  possible  to  initially  set 
these  frequency  division  ratios  to  N!L  AND  NSL,  i.e. 
to  enter  the  operation  flow  in  step  46  rather  than 
step  41  . 

45  In  addition,  as  stated  hereinabove,  the  control- 
ler  35  and  the  input  section  of  the  synthesizer 
circuit  35  of  the  second  embodiment,  shown  in 
Figs.  11  and  12,  can  be  implemented  as  functions 
of  a  microprocessor.  Fig.  17  shows  an  example  of 

50  a  suitable  microprocessor  flow  diagram  for  the  sec- 
ond  embodiment.  First,  when  a  channel  switching 
is  executed  (by  application  of  a  tuning  command 
signal  to  terminal  34  in  Fig.  11),  a  channel  flag  is 
set  in  an  initial  step  61  ,  then  a  delay  flag  is  set  in 

55  step  62.  The  set  status  of  the  delay  flag  indicates 
that  the  frequency  detection  delay  time  is  to  be  0.1 
seconds,  as  opposed  to  the  normal  delay  value  of 
1  second.  In  the  next  step,  63,  the  frequency 
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division  ratios  of  the  variable  frequency  dividers  22 
and  23  are  set  as  N!H  and  NSH.  In  a  succeeding 
step  64,  a  decision  is  made  as  to  whether  the 
delay  flag  is  set  or  not.  If  the  delay  flag  is  set,  then 
the  operation  waits  for  a  delay  time  of  0.1  second, 
and  while  if  the  delay  flag  is  reset,  then  the  opera- 
tion  waits  for  a  delay  time  of  1  second.  On  comple- 
tion  of  this  delay  time,  the  contents  of  the  latch 
memory  28  are  read  out.  If  the  contents  of  the 
latch  memory  28  are  at  the  H  level,  in  the  succeed- 
ing  decision  step  66,  then  this  indicates  that  the 
center  frequency  of  the  I.F.  signal  is  higher  then 
the  upper  limit  frequency  fH,and  so  the  system 
commands  the  control  voltage  generating  circuit 
(synthesizer  circuit)  5  (shown  in  Fig.  11)  to  de- 
crease  the  local  oscillator  frequency  by  200  kHz. 
Next,  in  step  68,  the  system  judges  whether  the 
delay  flag  is  set,  and  if  the  flag  is  set  then  it  is 
reset  in  a  succeeding  step  69.  Operation  then 
returns  to  step  63. 

In  the  example  of  an  A.F.C.  pull-in  operation  as 
described  above  with  reference  to  Figs.  12  to  14, 
the  operation  is  repeated  around  the  loop  contain- 
ing  steps  63  to  69,  for  a  total  of  16  circulations 
around  the  loop.  On  the  17th  repetition,  the  output 
from  the  latch  memory  28  is  judged  to  be  at  the  L 
level  in  step  66,  thereby  indicating  that  the  center 
frequency  of  the  I.F.  signal  has  become  lower  than 
the  upper  limit  frequency  fH. 

As  stated  above,  the  center  frequency  is  reset 
in  step  69.  However,  it  is  possible  to  arrange  that, 
after  the  center  frequency  has  been  reset  during  an 
initial  circulation  around  the  loop  described  above, 
step  69  is  subsequently  bypassed  during  succes- 
sive  loop  repetitions. 

If  the  data  in  the  latch  memory  28  is  found  to 
be  at  the  L  level  in  step  66,  then  the  operation 
proceeds  to  step  70,  in  which  a  decision  is  made 
as  to  whether  the  center  frequency  is  set  or  reset. 
If  the  channel  flag  is  reset,  then  the  delay  flag  is 
reset  in  step  71,  and  the  operation  proceeds  to 
step  72.  As  a  result  of  this  reset  of  the  delay  flag, 
the  detection  delay  time  is  restored  to  1  second.  If 
however  the  center  frequency  is  found  to  be  set  in 
step  70  (i.e.  indicating  that  an  A.F.C.  pull-in  opera- 
tion  is  to  commence  from  an  initial  I.F.  center 
frequency  which  is  below  the  lower  limit  frequency 
fL)  then  the  operation  proceeds  directly  to  step  72. 
In  this  step,  the  frequency  division  ratios  of  the 
variable  frequency  dividers  22  and  23  are  estab- 
lished  as  N|L  AND  NSL.  In  the  succeeding  step  73, 
a  decision  is  made  as  to  whether  the  delay  flag  is 
set  or  reset,  and  if  the  flag  is  reset  then  the 
operation  waits  during  a  detection  delay  time  of  1 
second.  If  the  delay  flag  is  set,  then  the  delay  time 
is  reduced  to  0.1  seconds.  Upon  completion  of  this 
delay  interval,  step  74  is  entered,  in  which  the 
system  reads  out  the  data  held  in  the  latch  mem- 

ory  29.  If  this  is  found  to  be  at  the  L  level,  in  step 
75,  then  this  indicates  that  the  center  frequency  of 
the  I.F.  signal  is  below  the  lower  limit  frequency  fL, 
and  so  the  system  commands  the  control  voltage 

5  generating  circuit  (synthesizer  circuit)  5  to  produce 
an  increase  of  200  kHz  in  the  local  oscillator  fre- 
quency.  A  decision  is  then  made,  in  step  77,  as  to 
whether  the  delay  flag  has  been  set  or  reset.  If  the 
delay  flag  is  set,  then  the  operation  returns  to  step 

70  72. 
In  the  example  described  above  with  reference 

to  Figs.  12  to  14,  such  a  frequency  increase  of  200 
kHz  is  executed  as  the  18th  frequency  shift,  to 
complete  the  A.F.C.  pull-in  operation. 

75  If  the  delay  flag  is  found  to  have  been  reset,  in 
step  77,  then  operation  returns  to  step  63.  There- 
after  the  center  frequency  of  the  I.F.  signal  is 
compared  with  the  upper  limit  frequency  fH  of  the 
frequency  error  range,  using  a  1  -second  detection 

20  delay  time.  Subsequently,  each  time  that  the  local 
oscillator  frequency  has  been  decremented  by  200 
kHz  (in  step  67),  processing  will  proceed  from  step 
68  to  step  72  (since  the  the  delay  flag  is  reset). 
The  center  frequency  of  the  I.F.  signal  is  then 

25  compared  with  the  lower  limit  frequency  fL  (in  steps 
72  to  75).  If  no  correction  is  required,  then  the 
processing  returns  to  step  63,  and  the  I.F.  center 
frequency  is  compared  again  with  the  upper  limit 
frequency  fH.  In  this  way,  so  long  as  the  center 

30  frequency  of  the  I.F.  signal  remains  within  the 
frequency  error  range,  it  is  compared  with  the 
upper  and  lower  limit  frequencies  fH  and  fL  of  the 
frequency  error  range  in  a  successively  alternating 
manner. 

35 
Claims 

1.  An  automatic  frequency  control  system  for  per- 
forming  a  correction  of  a  frequency  error  of  a 

40  center  frequency  of  a  frequency-modulated  in- 
termediate  frequency  signal  with  respect  to  a 
predetermined  intermediate  frequency  value 
such  as  to  hold  the  magnitude  of  said  fre- 
quency  error  within  a  predetermined  frequency 

45  error  range,  for  a  frequency  modulation  re- 
ceiver  system  including  local  oscillator  circuit 
means  (4)  for  producing  a  local  oscillator  sig- 
nal  and  a  frequency  mixer  (3)  coupled  to  re- 
ceive  said  local  oscillator  signal  for  producing 

50  said  frequency-modulated  intermediate  fre- 
quency  signal,  said  automatic  frequency  con- 
trol  system  comprising: 
control  means  (27); 
frequency  comparison  means  (25,  26)  con- 

55  trolled  by  said  control  means  (27)  to  selec- 
tively  operate  in  a  first  status  for  comparing 
said  center  frequency  of  said  intermediate  fre- 
quency  signal  with  an  upper  limit  frequency 

13 
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(fH)  of  said  frequency  error  range  and  in  a 
second  status  for  comparing  said  center  fre- 
quency  of  said  intermediate  frequency  signal 
with  a  lower  limit  frequency  (fL)  of  said  fre- 
quency  error  range,  and  for  producing  a  fre-  5 
quency  comparison  signal  indicative  of  the  re- 
sults  of  said  frequency  comparisons; 
first  and  second  latch  memory  means  (28,  29) 
controlled  by  said  control  means  (27)  to  store 
said  frequency  comparison  signal  as  data  indi-  10 
cative  of  the  relationship  between  said  center 
frequency  of  said  intermediate  frequency  sig- 
nal  and  said  upper  and  lower  limit  frequencies 
(fH,  fL);  and 
frequency  adjustment  means  (5)  controlled  by  is 
said  control  means  (27)  for  adjusting  said  local 
oscillator  frequency; 
said  control  means  (27)  acting,  following  said 
frequency  comparison  operation,  to  judge 
whether  said  data  stored  in  said  first  and  sec-  20 
ond  latch  memory  means  (28,  29)  indicates 
that  said  center  frequency  of  said  intermediate 
frequency  signal  is  within  said  frequency  error 
range,  and  acting  so  long  as  said  center  fre- 
quency  is  judged  to  be  within  said  frequency  25 
error  range  to  execute  successively  alternating 
comparisons  of  said  center  frequency  of  said 
intermediate  frequency  signal  with  said  upper 
and  lower  limit  frequencies  (fH,  f0  respectively  3. 
by  said  frequency  comparison  means  (25,  26),  30 
and  to  store  the  level  of  said  frequency  com- 
parison  signal  in  said  first  latch  memory  means 
(28)  following  a  comparison  of  said  center  fre- 
quency  of  said  intermediate  frequency  signal 
with  said  upper  limit  frequency  (fH)  and  to  35 
store  the  level  of  said  frequency  comparison 
signal  in  said  second  latch  memory  means 
(29)  following  a  comparison  of  said  center  fre- 
quency  of  said  intermediate  frequency  signal 
with  said  lower  limit  frequency  (fL),  said  control  40 
means  (27)  further  acting,  when  said  center 
frequency  of  said  intermediate  frequency  sig- 
nal  is  judged  to  be  outside  of  said  frequency 
error  range  as  indicated  by  said  data  stored  in 
said  first  and  second  latch  memory  means  (28,  45 
29),  to  control  said  frequency  adjustment 
means  (5)  such  as  to  adjust  said  local  oscilla- 
tor  frequency  to  bring  said  center  frequency  of 
said  intermediate  frequency  signal  within  said 
frequency  error  range.  so 

2.  An  automatic  frequency  control  system  ac- 
cording  to  claim  1  ,  in  which  said  control  means 
(27)  acts,  when  said  center  frequency  of  said 
intermediate  frequency  signal  is  judged  to  be  55 
higher  than  said  upper  limit  frequency  (fH),  as 
indicated  by  said  data  stored  in  said  first  and 
second  latch  memory  means  (28,  29),  to  repet- 

itively  execute  a  series  of  operations  compris- 
ing: 
comparison  of  said  center  frequency  of  said 
intermediate  frequency  signal  with  said  upper 
limit  frequency  (fH); 
storage  of  said  frequency  comparison  signal 
level  in  said  first  latch  memory  means  (28); 
and 
controlling  said  frequency  adjustment  means 
(5)  such  as  to  decrease  said  local  oscillator 
frequency  by  a  fixed  amount,  and  in  which 
said  control  means  (27)  acts,  when  said  center 
frequency  of  said  intermediate  frequency  sig- 
nal  is  judged  to  be  lower  than  said  lower  limit 
frequency  (fL)  as  indicated  by  said  data  stored 
in  said  first  and  second  latch  memory  means 
(28,  29),  to  repetitively  execute  a  series  of 
operations  comprising: 
comparison  of  said  center  frequency  of  said 
intermediate  frequency  signal  with  said  lower 
limit  frequency  (fL); 
storage  of  said  frequency  comparison  signal 
level  in  said  second  latch  memory  means  (29); 
and 
controlling  said  frequency  adjustment  means 
(5)  such  as  to  increase  said  local  oscillator 
frequency  by  a  fixed  amount. 

An  automatic  frequency  control  system  ac- 
cording  to  claim  1,  in  which  said  frequency 
comparison  means  (25,  26)  comprise: 
reference  signal  oscillator  means  (11)  for  pro- 
ducing  a  reference  signal  at  a  fixed  frequency 
(fs); 
first  variable  frequency  divider  means  (22) 
coupled  to  receive  said  frequency  modulated 
intermediate  frequency  signal  for  producing  a 
frequency  divided  intermediate  frequency  sig- 
nal,  and  controlled  by  said  control  means  (27) 
to  selectively  perform  a  frequency  division  by 
frequency  division  ratios  (N!H)  and  (N!L)  during 
the  operation  in  said  first  and  second  operating 
statuses,  respectively,  where  (N!H)  is  greater 
than  (N|L); 
second  variable  frequency  divider  means  (23) 
coupled  to  receive  said  reference  signal,  for 
producing  a  frequency-divided  reference  sig- 
nal,  and  controlled  by  said  control  means  (27) 
to  selectively  perform  a  frequency  division  by 
first  and  second  frequency  division  ratios  (NSH) 
and  (NSL)  during  the  operation  in  said  first  and 
second  operating  statuses,  respectively,  where 
(NSH)  is  greater  than  or  equal  to  (NSL),  with 
said  values  (fs,  N!H,  N!L,  NSH)  and  (NSL)  being 
respectively  selected  such  that  a  frequency 
value  (fs  N|H/NSH)  is  equal  to  said  upper  limit 
frequency  (fH)  of  said  frequency  error  range, 
and  a  frequency  value  (fs  N|L/NSL)  is  equal  to 
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said  lower  limit  frequency  (fL)  of  said  frequency 
error  range;  and 
frequency  comparison  circuit  means  (24)  for 
comparing  the  frequencies  of  said  frequency- 
divided  reference  signal  and  said  frequency- 
divided  intermediate  frequency  signal,  to  pro- 
duce  said  frequency  comparison  signal. 

4.  An  automatic  frequency  control  system  ac- 
cording  to  claim  3,  in  which  said  frequency 
comparison  means  (25,  26)  further  comprises 
low-pass  filter  means  (26)  coupled  to  receive 
an  output  signal  from  said  frequency  compari- 
son  circuit  means  (24),  for  thereby  producing 
said  frequency  comparison  signal. 

5.  An  automatic  frequency  control  system  ac- 
cording  to  claim  4,  further  comprising  delay 
control  means  (37)  for  establishing  a  predeter- 
mined  data  transfer  time  delay  in  transferring 
said  stored  data  in  said  first  and  second  latch 
memory  means  (28,  29)  to  be  judged  by  said 
control  means  (27). 

6.  An  automatic  frequency  control  system  ac- 
cording  to  claim  5,  in  which  the  duration  of 
said  data  transfer  time  delay  is  held  constant. 

7.  An  automatic  frequency  control  system  ac- 
cording  to  claim  5,  in  which  said  frequency 
adjustment  means  (5)  is  responsive  to  an  ex- 
ternally  supplied  tuning  command  signal  for 
changing  said  frequency  of  oscillation  of  said 
local  oscillator  circuit  means  (4)  by  a  specific 
amount  for  thereby  changing  a  selected  recep- 
tion  channel,  and  in  which  said  delay  control 
means  (37)  is  responsive  to  said  tuning  com- 
mand  signal  for  setting  said  data  transfer  time 
delay  to  a  first  value  thereof  and  whereby,  in 
response  to  a  subsequent  change  in  said 
stored  data  in  said  latch  memory  means  (28, 
29)  indicating  that  said  center  frequency  of 
said  intermediate  frequency  signal  has  moved 
within  said  frequency  error  range,  said  delay 
control  means  (37)  acts  to  set  said  data  trans- 
fer  delay  time  to  a  second  value  thereof  which 
is  substantially  longer  than  said  first  value 
thereof  and  to  thereafter  maintain  said  data 
transfer  delay  time  at  said  second  value  there- 
of. 

8.  An  automatic  frequency  control  system  ac- 
cording  to  claim  7,  in  which  said  first  data 
transfer  delay  time  value  is  in  the  range  of  0.1 
to  0.3  times  said  second  data  transfer  delay 
time  value. 

9.  An  automatic  frequency  control  system  ac- 

cording  to  claim  2,  in  which  said  local  oscillator 
circuit  means  (4)  comprises  a  Voltage-con- 
trolled  oscillator  for  determining  said  local  os- 
cillator  frequency,  and  in  which  said  frequency 

5  adjustment  means  (5)  comprises  a  frequency 
control  voltage  synthesizer  circuit  for  produc- 
ing  a  control  voltage  to  determine  a  frequency 
of  oscillation  of  said  voltage-controlled  oscilla- 
tor,  said  frequency  control  voltage  synthesizer 

io  circuit  being  responsive  to  said  data  stored  in 
said  latch  memory  means  (28,  29)  for  produc- 
ing  changes  in  said  control  voltage  to  execute 
said  fixed  amounts  of  increase  or  decrease  of 
said  local  oscillator  frequency. 

15 
10.  An  automatic  frequency  control  system  ac- 

cording  to  claim  1  ,  in  which  said  control  means 
(27)  is  implemented  by  functions  executed  by 
a  digital  microprocessor. 

20 
11.  An  automatic  frequency  control  system  ac- 

cording  to  claim  6,  in  which  said  delay  control 
means  (37)  is  implemented  by  functions  ex- 
ecuted  by  a  digital  microprocessor. 

25 
Revendicatlons 

1.  Systeme  de  commande  de  frequence  automa- 
tique  pour  effectuer  la  correction  d'une  erreur 

30  frequentielle  d'une  frequence  centrale  d'un  si- 
gnal  de  frequence  intermediaire,  module  en 
frequence,  par  rapport  a  une  valeur  de  fre- 
quence  intermediaire  predetermined  de  manie- 
re  a  maintenir  la  grandeur  de  ladite  erreur 

35  frequentielle  dans  les  limites  d'une  plage  pre- 
determinee  d'erreurs  frequentielles  pour  un 
systeme  recepteur  a  modulation  de  frequence 
comprenant  un  circuit  oscillateur  local  (4)  pour 
produire  un  signal  d'oscillateur  local  et  un  me- 

40  langeur  (3)  de  frequences  couple  de  maniere  a 
recevoir  le  signal  d'oscillateur  local  pour  pro- 
duire  ledit  signal  de  frequence  intermediaire 
module  en  frequence,  le  systeme  de  comman- 
de  de  frequence  automatique  sus-vise  compre- 

45  nant  : 
un  moyen  de  commande  (27)  ; 
des  moyens  (25,  26)  de  comparaison  de 

frequence  commandes  par  le  moyen  de  com- 
mande  (27)  pour  fonctionner  de  maniere  selec- 

50  tive  dans  un  premier  etat  en  vue  de  comparer 
la  frequence  centrale  du  signal  de  frequence 
intermediaire  avec  une  frequence  limite  supe- 
rieure  (fH)  de  la  plage  d'erreurs  frequentielles 
et  dans  un  second  etat  pour  comparer  la  fre- 

55  quence  centrale  du  signal  de  frequence  inter- 
mediaire  avec  une  frequence  limite  inferieure 
(fL)  de  la  plage  d'erreurs  frequentielles,  et  pour 
produire  un  signal  de  comparaison  de  frequen- 
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ce  indicatif  des  resultats  des  comparaisons  de 
frequence  ; 

des  premiere  et  seconde  memoires-ver- 
rous  (28,  29)  commandees  par  les  moyens  de 
commande  (27)  de  maniere  a  memoriser  le  5 
signal  de  comparaison  de  frequence  en  tant 
que  donnee  indicative  de  la  relation  entre  la 
frequence  centrale  du  signal  de  frequence  in- 
termediaire  et  les  frequences  limites  superieu- 
re  et  inferieure  (fH,  f0  ;  et  10 

un  moyen  (5)  de  reglage  de  frequence 
commande  par  le  moyen  de  commande  (27) 
pour  regler  la  frequence  de  I'oscillateur  local  ; 

le  moyen  de  commande  (27)  agissant, 
apres  I'operation  de  comparaison  de  frequen-  is 
ce,  de  maniere  a  juger  si  oui  ou  non  les 
donnees  memorisees  dans  les  premiere  et  se- 
conde  memoires-verrous  (28,  29)  indiquent 
que  la  frequence  centrale  du  signal  de  fre- 
quence  intermediaire  se  trouve  dans  les  limites  20 
de  la  plage  d'erreurs  frequentielles,  et  agissant 
aussi  longtemps  qu'il  est  juge  que  la  frequen- 
ce  centrale  se  trouve  dans  les  limites  de  la 
plage  d'erreurs  frequentielles  de  maniere  a 
effectuer  successivement  des  comparaisons  25 
alternees  de  la  frequence  centrale  du  signal  de 
frequence  intermediaire  avec  les  frequences 
limites  superieure  et  inferieure  (fH,  f0  respecti- 
vement  par  les  moyens  (25,  26)  de  comparai- 
son  de  frequence,  et  de  maniere  a  memoriser  30 
le  niveau  du  signal  de  comparaison  de  fre- 
quence  dans  la  premiere  memoire-verrou  (28) 
a  la  suite  d'une  comparaison  de  la  frequence 
centrale  du  signal  de  frequence  intermediaire 
avec  la  frequence  limite  superieure  (fH)  et  a  35 
memoriser  le  niveau  du  signal  de  comparaison 
de  frequence  dans  la  seconde  memoire-verrou 
(29)  a  la  suite  d'une  comparaison  de  la  fre- 
quence  centrale  du  signal  de  frequence  inter- 
mediaire  avec  la  frequence  limite  inferieure  40 
(fL),  le  moyen  de  commande  (27)  agissant,  en 
outre,  lorsque  la  frequence  centrale  du  signal 
de  frequence  intermediaire  est  jugee  se  trou- 
ver  a  I'exterieur  de  ladite  plage  d'erreurs  fre- 
quentielles  comme  indique  par  les  donnees  45 
memorisees  dans  les  premiere  et  seconde 
memoires-verrous  (28,  29),  de  maniere  a  com- 
mander  le  moyen  (5)  de  reglage  de  frequence 
afin  de  regler  la  frequence  de  I'oscillateur  local 
pour  amener  la  frequence  centrale  du  signal  so 
de  frequence  intermediaire  dans  les  limites  de 
ladite  plage  d'erreurs  frequentielles. 

2.  Systeme  de  commande  de  frequence  automa- 
tique  selon  la  revendication  1,  dans  lequel  le  55 
moyen  de  commande  (27)  agit,  quand  la  fre- 
quence  centrale  du  signal  de  frequence  inter- 
mediaire  est  jugee  etre  plus  elevee  que  la 

frequence  limite  superieure  (fH),  comme  indi- 
que  par  les  donnees  memorisees  dans  les 
premiere  et  seconde  memoires  (28,  29),  de 
maniere  a  effectuer  de  fagon  repetitive  une 
serie  d'operations  comprenant  : 

la  comparaison  de  la  frequence  centrale 
du  signal  de  frequence  intermediaire  avec  la 
frequence  limite  superieure  (fH)  ; 

la  memorisation  du  niveau  du  signal  de 
comparaison  de  frequence  dans  la  premiere 
memoire-verrou  (28)  ;  et 

la  commande  des  moyens  (5)  de  reglage 
de  frequence  pour  diminuer  la  frequence  de 
I'oscillateur  local  d'une  quantite  determinee  et 
dans  lequel  le  moyen  de  commande  (27)  agit, 
quand  la  frequence  centrale  du  signal  de  fre- 
quence  intermediaire  est  jugee  etre  plus  faible 
que  la  frequence  limite  inferieure  (fL)  comme 
indique  par  les  donnees  memorisees  dans  les 
premiere  et  seconde  memoires-verrous  (28, 
29),  de  maniere  a  executer  de  fagon  repetitive 
une  serie  d'operations  comprenant  : 

la  comparaison  de  la  frequence  centrale 
du  signal  de  frequence  intermediaire  avec  la 
frequence  limite  inferieure  (fL)  ; 

la  memorisation  du  niveau  de  signal  de 
comparaison  de  frequence  dans  la  seconde 
memoire  (29)  ;  et 

la  commande  du  moyen  (5)  de  reglage  de 
frequence  afin  d'augmenter  la  frequence  de 
I'oscillateur  local  d'une  quantite  determinee. 

Systeme  de  commande  de  frequence  automa- 
tique  selon  la  revendication  1,  dans  lequel  les 
moyens  (25,  26)  de  comparaison  de  frequence 
comprennent  : 

un  oscillateur  (11)  de  signal  de  reference 
pour  produire  un  signal  de  reference  a  une 
frequence  determinee  (fs)  ; 

un  premier  diviseur  de  frequence  variable 
(22)  couple  de  maniere  a  recevoir  le  signal  de 
frequence  intermediaire  module  en  frequence 
pour  produire  un  signal  de  frequence  interme- 
diaire  divise  en  frequence,  et  commande  par 
les  moyens  de  commande  (27)  de  maniere  a 
effectuer  selectivement  une  division  de  fre- 
quence  suivant  des  rapports  de  division  de 
frequences  (N!H)  et  (N!L)  pendant  le  fonctionne- 
ment  dans  lesdits  premier  et  second  etats  de 
fonctionnement,  respectivement,  ou  (N!H)  est 
superieur  a  (N!L)  ; 

un  second  diviseur  de  frequence  variable 
(23)  couple  de  maniere  a  recevoir  le  signal  de 
reference  pour  produire  un  signal  de  reference 
divise  en  frequence  et  commande  par  le 
moyen  de  commande  (27)  de  maniere  a  effec- 
tuer  de  fagon  selective  une  division  de  fre- 
quence  suivant  des  premier  et  second  rapports 

16 



31 EP  0  215  490  B1 32 

(NSH)  et  (NSL)  de  division  de  frequence  pen- 
dant  le  fonctionnement  dans  les  premier  et 
second  etats  de  fonctionnement,  respective- 
ment,  ou  (NSH)  est  superieur  ou  egal  a  (NSL), 
les  valeurs  (fs,N|H,  N!L,  NSh)  et  (NSl)  etant  se-  5 
lectionnees  respectivement  de  telle  sorte  que 
la  valeur  de  frequence  (fs-N|H/NSH)  soit  egale  a 
la  frequence  limite  superieure  (fH)  de  la  plage 
d'erreurs  frequentielles,  et  que  la  valeur  de 
frequence  (fs-N|L/NSL)  soit  egale  a  la  frequence  10 
limite  inferieure  (fL)  de  la  plage  d'erreurs  fre- 
quentielles  ;  et 

un  circuit  (24)  de  comparaison  de  frequen- 
ce  pour  comparer  les  frequences  du  signal  de 
reference  divise  en  frequence  et  du  signal  de  is 
frequence  intermediaire  divise  en  frequence 
pour  produire  le  signal  de  comparaison  de 
frequence. 

Systeme  de  commande  de  frequence  automa-  20 
tique  selon  la  revendication  3,  dans  lequel  les 
moyens  (25,  26)  de  comparaison  de  frequence 
comprennent,  en  outre,  un  filtre  passe-bas  (26) 
couple  de  maniere  a  recevoir  le  signal  de 
sortie  du  circuit  (24)  de  comparaison  de  fre-  25 
quence  pour  produire  de  cette  maniere  le  si- 
gnal  de  comparaison  de  frequence. 

Systeme  de  commande  de  frequence  automa- 
tique  selon  la  revendication  4,  comprenant,  en  30 
outre,  un  moyen  (37)  de  commande  de  retard 
pour  etablir  un  retard  de  temps  de  transfert  de 
donnees  predetermine  dans  le  transfert  de 
donnees  memorisees  dans  les  premiere  et  se- 
conde  memoires-verrous  (28,  29)  devant  etre  35 
jugees  par  le  moyen  de  commande  (27). 

Systeme  de  commande  de  frequence  automa- 
tique  selon  la  revendication  5,  dans  lequel  la 
duree  dudit  retard  de  temps  de  transfert  de  40 
donnees  est  maintenue  constante. 

Systeme  de  commande  de  frequence  automa- 
tique  selon  la  revendication  5,  dans  lequel  le 
moyen  (5)  de  reglage  de  frequence  reagit  a  un  45 
signal  de  commande  d'accord  fourni  exterieu- 
rement  en  modifiant  la  frequence  d'oscillation 
du  circuit  oscillateur  local  (4)  d'une  quantite 
specifique  pour  modifier  de  cette  maniere  un 
canal  de  reception  selectionne,  et  dans  lequel  so 
le  moyen  (37)  de  commande  de  retard  reagit 
au  signal  de  commande  d'accord  en  fixant  le 
retard  de  temps  de  transfert  de  donnees  a  une 
premiere  valeur  et,  de  ce  fait,  en  reponse  a 
une  modification  ulterieure  des  donnees  me-  55 
morisees  dans  les  memoires-verrous  (28,  29) 
indiquant  que  la  frequence  centrale  du  signal 
de  frequence  intermediaire  s'est  deplacee  a 

I'interieur  de  la  plage  d'erreurs  frequentielles, 
le  moyen  (37)  de  commande  de  retard  agit  de 
maniere  a  fixer  le  temps  de  retard  de  transfert 
de  donnees  a  une  seconde  valeur  qui  est 
sensiblement  plus  grande  que  la  premiere  va- 
leur  et  a  maintenir  ensuite  le  temps  de  retard 
de  transfert  a  la  seconde  valeur. 

8.  Systeme  de  commande  de  frequence  automa- 
tique  selon  la  revendication  7,  dans  lequel  la 
premiere  valeur  de  temps  de  retard  de  trans- 
fert  de  donnees  est  de  I'ordre  de  0,1  a  0,3  fois 
ladite  seconde  valeur  de  temps  de  retard  de 
transfert  de  donnees. 

9.  Systeme  de  commande  de  frequence  automa- 
tique  selon  la  revendication  2,  dans  lequel  le 
circuit  oscillateur  local  (4)  comprend  un  oscilla- 
teur  commande  en  tension  pour  determiner  la 
frequence  de  I'oscillateur  local,  et  dans  lequel 
le  moyen  (5)  de  reglage  de  frequence  com- 
prend  un  circuit  synthetiseur  de  tension  de 
commande  de  frequence  pour  produire  une 
tension  de  commande  afin  de  determiner  la 
frequence  d'oscillation  de  I'oscillateur  com- 
mande  en  tension,  le  circuit  synthetiseur  de 
tension  de  commande  de  frequence  reagissant 
aux  donnees  memorisees  dans  les  memoires- 
verrous  (28,  29)  en  produisant  dans  la  tension 
de  commande  des  modifications  afin  d'intro- 
duire  lesdites  quantites  fixes  d'augmentation 
ou  de  diminution  de  la  frequence  de  I'oscilla- 
teur  local. 

10.  Systeme  de  commande  de  frequence  automa- 
tique  selon  la  revendication  1,  dans  lequel  le 
moyen  de  commande  (27)  est  mis  en  oeuvre 
par  des  fonctions  executees  par  un  micropro- 
cesseur  numerique. 

11.  Systeme  de  commande  de  frequence  automa- 
tique  selon  la  revendication  6,  dans  lequel  le 
moyen  (37)  de  commande  de  retard  est  mis 
en  oeuvre  par  des  fonctions  executees  par  un 
microprocesseur  numerique. 

Patentanspruche 

1.  System  zur  automatischen  Scharfabstimmung 
fur  eine  Korrektur  einer  Frequenzabweichung 
einer  Mittelfrequenz  eines  frequenzmodulierten 
Zwischenfrequenzsignals  in  bezug  auf  einen 
vorbestimmten  Zwischenfrequenzwert  in  der 
Weise,  da/S  das  Ausma/S  der  Frequenzabwei- 
chung  innerhalb  eines  vorbestimmten  Fre- 
quenzabweichungsbereichs  gehalten  wird,  fur 
ein  Frequenzmodulationsempfangersystem  mit 
einer  Uberlagerungsoszillatorschaltung  (4)  zum 
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Erzeugen  eines  Uberlagerungsoszillatorsignals 
und  einer  fur  die  Aufnahme  des  Uberlage- 
rungsoszillatorsignals  geschalteten  Frequenz- 
mischstufe  (3)  zum  Erzeugen  des  frequenzmo- 
dulierten  Zwischenfrequenzsignals,  wobei  das  5 
System  zur  automatischen  Scharfabstimmung 

eine  Steuereinrichtung  (27),  eine  Fre- 
quenzvergleichseinrichtung  (25,  26),  die  durch 
die  Steuereinrichtung  (27)  zum  selektiven  Be- 
treiben  in  einem  ersten  Zustand  fur  das  Ver-  10 
gleichen  der  Mittelfrequenz  des  Zwischenfre- 
quenzsignals  mit  einer  oberen  Grenzfrequenz 
(fH)  des  Frequenzabweichungsbereichs  und  in 
einem  zweiten  Zustand  fur  das  Vergleichen 
der  Mittelfrequenz  des  Zwischenfrequenzsi-  is 
gnals  mit  einer  unteren  Grenzfrequenz  (fL)  des 
Frequenzabweichungsbereichs  gesteuert  ist 
und  die  ein  die  Ergebnisse  der  Frequenzver- 
gleiche  anzeigendes  Frequenzvergleichssignal 
erzeugt,  20 

eine  erste  und  eine  zweite  Zwischenspei- 
chereinrichtung  (28,  29),  die  durch  die  Steuer- 
einrichtung  (27)  zum  Speichern  des  Frequenz- 
vergleichssignals  als  Datenwert  fur  das  Ver- 
haltnis  zwischen  der  Mittelfrequenz  des  Zwi-  25 
schenfrequenzsignals  und  der  oberen  und  un- 
teren  Grenzfrequenz  (fH,  fL)  gesteuert  sind,  und 

eine  Frequenzeinstelleinrichtung  (5)  auf- 
weist,  die  durch  die  Steuereinrichtung  (27)  zum 
Einstellen  der  Uberlagerungsoszillatorfrequenz  30 
gesteuert  ist, 

wobei  die  Steuereinrichtung  (27)  auf  den 
Frequenzvergleichsvorgang  folgend  beurteilt, 
ob  der  in  der  ersten  und  zweiten  Zwischen- 
speichereinrichtung  (28,  29)  gespeicherte  Da-  35 
tenwert  anzeigt,  da/S  die  Mittelfrequenz  des 
Zwischenfrequenzsignals  innerhalb  des  Fre- 
quenzabweichungsbereichs  liegt,  und  dann, 
wenn  die  Mittelfrequenz  als  innerhalb  des  Fre- 
quenzabweichungs  bereichs  liegend  beurteilt  40 
wird,  die  aufeinanderfolgenden  abwechselnden 
Vergleiche  der  Mittelfrequenz  des  Zwischenfre- 
quenzsignals  mit  der  oberen  bzw.  unteren 
Grenzfrequenz  (fH,  fL)  durch  die  Frequenzver- 
gleichseinrichtung  (25,  26),  auf  einen  Vergleich  45 
der  Mittelfrequenz  des  Zwischenfrequenzsi- 
gnals  mit  der  oberen  Grenzfrequenz  (fH)  fol- 
gend  das  Einspeichern  des  Pegels  des  Fre- 
quenzvergleichssignals  in  die  erste  Zwischen- 
speichereinrichtung  (28)  und  auf  einen  Ver-  so 
gleich  der  Mittelfrequenz  des  Zwischenfre- 
quenzsignals  mit  der  unteren  Grenzfrequenz 
(fL)  folgend  das  Einspeichern  des  Pegels  des 
Frequenzvergleichssignals  in  die  zweite  Zwi- 
schenspeichereinrichtung  (29)  bewirkt,  wah-  55 
rend  die  Steuereinrichtung  (27)  ferner  dann, 
wenn  gema/S  der  Anzeige  durch  den  in  der 
ersten  und  zweiten  Zwischenspeichereinrich- 

tung  (28,  29)  gespeicherten  Datenwert  die  Mit- 
telfrequenz  des  Zwischenfrequenzsignals  als 
au/Serhalb  des  Frequenzabweichungsbereichs 
liegend  beurteilt  wird,  die  Frequenzeinstellein- 
richtung  (5)  derart  steuert,  da/S  die  Uberlage- 
rungsoszillatorfrequenz  zum  Einbringen  der 
Mittelfrequenz  des  Zwischenfrequenzsignals  in 
den  Frequenzabweichungsbereich  eingestellt 
wird. 

2.  System  zur  automatischen  Scharfabstimmung 
gema/S  Anspruch  1,  in  der  die  Steuereinrich- 
tung  (27)  dann,  wenn  gema/S  der  Anzeige 
durch  die  in  der  ersten  und  zweiten  Zwischen- 
speichereinrichtung  (28,  29)  gespeicherten  Da- 
ten  die  Mittelfrequenz  des  Zwischenfrequenzsi- 
gnals  als  hoher  als  die  obere  Grenzfrequenz 
(fH)  beurteilt  wird,  das  wiederholte  Ausfuhren 
einer  Folge  von  Betriebsvorgangen  bewirkt,  die 

das  Vergleichen  der  Mittelfrequenz  des 
Zwischenfrequenzsignals  mit  der  oberen 
Grenzfrequenz  (fH), 

das  Einspeichern  des  Frequenzvergleichs- 
signalpegels  in  die  erste  Zwischenspeicherein- 
richtung  (28)  und 

das  Steuern  der  Frequenzeinstelleinrich- 
tung  (5)  zu  einem  Verringern  der  Uberlage- 
rungsoszillatorfrequenz  urn  ein  festgelegtes 
Ausma/S  umfassen,  und 

in  der  die  Steuereinrichtung  (27)  dann, 
wenn  gema/S  der  Anzeige  durch  die  in  der 
ersten  und  zweiten  Zwischenspeichereinrich- 
tung  (28,  29)  gespeicherten  Daten  die  Mittel- 
frequenz  des  Zwischenfrequenzsignals  als 
niedriger  als  die  untere  Grenzfrequenz  (fL)  be- 
urteilt  wird,  das  wiederholte  Ausfuhren  einer 
Folge  von  Betriebsvorgangen  bewirkt,  die 

das  Vergleichen  der  Mittelfrequenz  des 
Zwischenfrequenzsignals  mit  der  unteren 
Grenzfrequenz  (fL), 

das  Einspeichern  des  Frequenzvergleichs- 
signalpegels  in  die  zweite  Zwischenspeicher- 
einrichtung  (29)  und 

das  Steuern  der  Frequenzeinstelleinrich- 
tung  (5)  zu  einer  Erhohung  der  Uberlagerungs- 
oszillatorfrequenz  urn  ein  festgelegtes  Ausma/S 
umfassen. 

3.  System  zur  automatischen  Scharfabstimmung 
gema/S  Anspruch  1,  bei  dem  die  Frequenzver- 
gleichseinrichtung  (25,  26)  einen  Bezugssigna- 
loszillator  (11)  zum  Erzeugen  eines  Bezugssi- 
gnals  mit  einer  festgelegten  Frequenz  (Fs), 
einen  zur  Aufnahme  des  frequenzmodulierten 
Zwischenfrequenzsignals  geschalteten  ersten 
veranderbaren  Frequenzteiler  (22)  zum  Erzeu- 
gen  eines  frequenzgeteilten  Zwischenfrequenz- 
signals,  der  durch  die  Steuereinrichtung  (27) 

18 
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zum  selektiven  Vornehmen  einer  Frequenztei- 
lung  mit  Frequenzteilungsverhaltnissen  N!H  und 
N|L  wahrend  des  Betriebs  in  dem  ersten  und 
zweiten  Betriebszustand  gesteuert  ist,  wobei 
N|H  gro/Ser  als  N!L  ist, 
einen  zur  Aufnahme  des  Bezugssignals  ge- 
schalteten  zweiten  veranderbaren  Frequenztei- 
ler  (23)  zum  Erzeugen  eines  frequenzgeteilten 
Bezugssignals,  der  durch  die  Steuereinrichtung 
(27)  zum  selektiven  Ausfuhren  einer  Frequenz- 
teilung  mit  einem  ersten  und  einem  zweiten 
Frequenzteilungsverhaltnis  NSH  bzw.  NSL  wah- 
rend  des  Betriebs  in  dem  ersten  bzw.  zweiten 
Betriebszustand  gesteuert  ist,  wobei  NSH  gro- 
wer  oder  gleich  NSL  ist  und  wobei  die  Werte 
Fs,  N|H,  N|L,  Nsh  und  NSL  jeweils  derart  gewahlt 
sind,  da/S  ein  Frequenzwert  FSN|H/NSH  gleich 
der  oberen  Grenzfrequenz  (fH)  des  Frequenz- 
abweichungsbereichs  ist  und  ein  Frequenzwert 
FSN|L/NSL  gleich  der  unteren  Grenzfrequenz  (fL) 
des  Frequenzabweichungsbereichs  ist,  und 
eine  Frequenzvergleichsschaltung  (24)  zum 
Vergleichen  der  Frequenzen  des  frequenzge- 
teilten  Bezugssignals  und  des  frequenzgeteil- 
ten  Zwischenfrequenzsignals  zum  Erzeugen 
des  Frequenzvergleichssignals  aufweist. 

4.  System  zur  automatischen  Scharfeinstellung 
nach  Anspruch  3,  in  dem  die  Frequenzver- 
gleichseinrichtung  (25,  26)  ferner  ein  zur  Auf- 
nahme  eines  Ausgangssignals  der  Frequenz- 
vergleichsschaltung  (24)  geschaltetes  Tiefpa/S- 
filter  (26)  zum  Erzeugen  des  Frequenzver- 
gleichssignals  aufweist. 

5.  System  zur  automatischen  Scharfabstimmung 
nach  Anspruch  4,  das  ferner  eine  Verzoge- 
rungssteuereinrichtung  (37)  zum  Einstellen  ei- 
ner  vorbestimmten  Datenubertragungs-Zeitver- 
zogerung  bei  der  Ubertragung  der  durch  die 
Steuereinrichtung  (27)  zu  bewertenden  Spei- 
cherdaten  in  der  ersten  und  zweiten  Zwischen- 
speichereinrichtung  (28,  29)  aufweist. 

6.  System  zur  automatischen  Scharfabstimmung 
nach  Anspruch  5,  in  dem  die  Dauer  der 
Datenubertragungs-Zeitverzogerung  konstant 
gehalten  ist. 

7.  System  zur  automatischen  Scharfabstimmung 
nach  Anspruch  5,  in  dem  die  Frequenzeinsteil- 
einrichtung  (5)  auf  ein  von  au/Sen  zugefuhrtes 
Kanalwahlbefehlssignal  durch  Andern  der 
Schwingungsfrequenz  der  Uberlagerungsoszil- 
latorschaltung  (4)  urn  ein  vorbestimmtes  Aus- 
ma/S  fur  das  Umstellen  auf  einen  gewahlten 
Empfangskanal  anspricht  und  in  dem  die  Ver- 
zogerungssteuereinrichtung  (37)  auf  das  Kanal- 

wahlbefehlssignal  durch  Einstellen  der 
Datenubertragungs-Zeitverzogerung  auf  einen 
ersten  Wert  hierfur  anspricht  und  im  Anspre- 
chen  auf  eine  nachfolgende  Anderung  der 

5  Speicherdaten  in  der  Zwischenspeichereinrich- 
tung  (28,  29),  die  anzeigen,  da/S  die  Mittelfre- 
quenz  des  Zwischenfrequenzsignals  in  den 
Frequenzabweichungsbereich  versetzt  worden 
ist,  das  Einstellen  der  Datenubertragungs-Zeit- 

io  verzogerung  auf  einen  zweiten  Wert  hierfur 
bewirkt,  der  wesentlich  langer  als  der  erste 
Wert  hierfur  ist,  sowie  danach  die 
Datenubertragungs-Zeitverzogerung  auf  dem 
zweiten  Wert  hierfur  halt. 

15 
8.  System  zur  automatischen  Scharfabstimmung 

nach  Anspruch  7,  in  dem  der  erste 
Datenubertragungs-Verzogerungszeitwert  im 
Bereich  des  0,1-  bis  0,3-fachen  des  zweiten 

20  Datenubertragungs-Verzogerungszeitwerts 
liegt. 

9.  System  zur  automatischen  Scharfabstimmung 
nach  Anspruch  2,  in  dem  die  Uberlagerungsos- 

25  zillatorschaltung  (4)  einen  spannungsgesteuer- 
ten  Oszillator  fur  das  Bestimmen  der  Uberlage- 
rungsoszillatorfrequenz  aufweist  und  in  dem 
die  Frequenzeinstelleinrichtung  (5)  eine 
Frequenzsteuerspannung-Synthetisierschaltung 

30  zum  Erzeugen  einer  Steuerspannung  fur  das 
Bestimmen  einer  Schwingungsfrequenz  des 
spannungsgesteuerten  Oszillators  aufweist,  wo- 
bei  die  Frequenzsteuerspannung-Synthetisier- 
schaltung  auf  die  in  der  Zwischenspeicherein- 

35  richtung  (28,  29)  gespeicherten  Daten  durch 
Erzeugen  von  Anderungen  der  Steuerspan- 
nung  fur  das  Erhohen  oder  Verringern  der 
Uberlagerungsoszillatorfrequenz  in  den  festge- 
legten  Ausma/Sen  anspricht. 

40 
10.  System  zur  automatischen  Scharfabstimmung 

nach  Anspruch  1,  in  dem  die  Steuereinrichtung 
(27)  durch  Funktionen  realisiert  ist,  die  durch 
einen  digitalen  Mikroprozessor  ausgefuhrt  wer- 

45  den. 

11.  System  zur  automatischen  Scharfabstimmung 
nach  Anspruch  6,  in  dem  die  Verzogerungs- 
steuereinrichtung  (37)  durch  Funktionen  reali- 

50  siert  ist,  die  durch  einen  digitalen  Mikroprozes- 
sor  ausgefuhrt  werden. 

55 
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